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FEASIBILITY STUDY
FOR
LAND RECLAMATION PROJECT
FOR THE
COMPLEMENTARY URBAN DEVELOPMENT
OF THE
CITY OF CORINTO

NICARAGUA

SYNOPSIS

OF

FINAL REPORT OF PORT STUDIES

I. Introduction

The Final Report of Port Studies for Corinto, Nicaragua
is presented as a section of the cverall feasibility study for
land reclamation. The evaluation relates to Port developmnent
only, and is based on estimates of export and import cargo
tonnages up to the year 2000. The overall conclusion is that
the Port of Corinto will expand beyond the presently planned
program of constructing a new Container Wharf and Liquid Cargo
Piei, with the basic recommendation that :hree additional
berths be provided, scheduled for years 1985, 1991 and 1997,

-

to accommodate the future tonnage projections.



II. Objective of Port Studies

Based on the assumption that the new Container Wharf
and new Liquid Cargo Pier, presently uvnder construction at
Corinto, will be completed within the next three to four
Years; the objective of this Port Study is to determine the
extent, location and costs of reclaiming land at Corinto
for port use only, after the Fresent construction, has been
completed and the requirements in the future grow. Figure
H-15 shows the recommended three future berths, extending up

to year 1997.

III. Existing Port Facilities

.The existing port facilities at Corinto are generally
shown on H-4 and consist of: a Banana Pier, a General Cargo
Wharf for two berths, an 014 Timber Deck Pier, and Miscel-
laneous Small Facilities for handling Liquid Cargo and shrimp

boats, located adjacent to the existing tank farm.

IV. Immediate Proposed Port Expansion

The construction work in progress is also shown on
Figure H-4, but consists of dredging a main channel to a depth
\)of eleven meters, demolishing the 0l1d Timber Deck Pier, and
constructing a new 240-meter long Container Wharf and, finally
constructing a new Liquid Cargo Pier, alcng with administra-

tion building, stevedores building, etc. All of this work is



to be completed in about three years, and of the two million
cubic meters of material to be dredged, it is estimated that

about 1.5 million cubic meters will be available as fill,

V. Cargo Projections and Berth Requirements

In 1974, Corinto exported 568,300 revenue tons and im-
perted 556,700 revenue tons. Exports primarily are agri-
cultural products, such as’cotton, bananas, coffee, sugar,
etc.; whereas, imports consist primarily of fertilizer, chem-
ical products, vehicles, iron and steel, wheat, and petrol-

eum products.

s

High, medium, and low projections of combined export-
import tonnages, passing through Corinto, are shown on
Figures H-5, H-6, and H-7. The "medium" projections are used

in this study.

It has been estimated that in the year 1995, the ex-
isting and present facilities under construction, would be
able to handle 1,950,000 RT of combined exports and imports
per year. However, 550,000 RT consist of bananas and liquaid
cargo. Consequently, the remaining 1,400,000 RT capable of
being handled in 1995, consist primarily of general cargo
and container products. 1In comparison, in 1995 it is projected
that 2,233,000 RT of container and general cargo wili be ship-

ped through Corinto. Consequently, the deficiency of 833,000 RT



(2,233,000 minus 1,400,000 = 833,000 RT) must be accommodated
by new berths. This will require two new berths, takinc into
account yearly fluctuations, and concentrations of exports-
imports, with a third berth for future planning; all as shown
schematically on Figure H-15, with the berths scheduled for
construction in 1985, 1991 and 1997, as derived from the ex-
pected general cargo and container exports-imports shown on

Figure H-8.
VI. Containers

The present Container Wharf, under construction, requires
additional land for backup, and it is understood another row
of city blocks will be demolished, and that surplus area will
be made available from adjacent reclaimed swampland. Discus-
sions already have been held with private container lines and
it, therefore, appears that in some measure Corinto, in the
future, will develop into a container port possibly serving
to some extent, as a regional container port. Studies made
by others have forecast for Corinto in year 1990, the need to
handle about 53,000 containers representing about 800,000

metric tons of cargo.

This Study, per se, does not take into account Corinto
becoming a major regional container port for the Pacific Coast
of Central America. However, the container traffic forecast

can be accommodated within the present Container Wharfg, under



construction, and the proposed two and three berths, recom~
mended for the future. Should container traffic develop
more rapidly than assumed, it will mean that the schedule
of berth construction will have tc be correspondingly mod-

ified.

VII. Natural Site Conditions

In general, natural conditions at Corinto, with respect
to winds, waves, tides, currents, soils, etc., are not par-

ticularly difficult or imposing.

Rainfall is seasonable, with very little occurring from
December to April. However, during hurricanes, the rainfall
intensity could be as severe as 10 centimeters in one hour.
For purposes of drainage design, about 6.5 centimeters maxi-

mum hourly rainfall can be assumed.

Winds at Corinto are seasonable. The winter winds blow-
ing from the southerly quadrant from May to Aﬁgust; whereas,
the sumer wiads blowing from the northeast to the west from
October to Mérch. These create corresponding wave conditions.
However, the winds within themselves are not considered a par-
ticularly serious problem at Corinto, in terms of ship berth-

ings.

The waves generally corresponding to the winds, are most

severe during the winter June to August, when the southwest



swell develops, and are the main cause of littoral drift.
In any event, the average wave conditions are not so serious
as to interfere with normal approach aand departure of ships

into Corinto harbor.

The mean tide range at Corinto is 2.27 meters with

an extreme range of 3.1l meters.

The currents in the estuary at Corinto, caused by tides,
vary from two to three knots maximum on an ebb tide, dimin-
ishing to one knot at the offshore channel. These currents
line up with the natural channels of the estuary. Currents
have been diminished, to some extent, in the Estuary El
Realejo as a result of the silting up and closing off, of the
Paso Caballos near the railroad bridge. This will have to
be evaluated in more detail in the future as to whether or
not the closing of this tidal passageway diminishes currents,
to such an extent in the estuary, that self-scouring action

no longer occurs.

The net littoral drift offshore at Corinto is 100,000
cubic meters per year, travelling northward. This represents
a "stabilized" balance between the northerly drift, during
summar storms and the southerly drift, during the winter.
‘The offshore channel leading to Corinto will have to be peri-

odically dredged.
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The water depths in the estuary and at the Port of
Corinto have remained stable for many years, with little
siltation. The cnly major siltation estimated, for the
immediate future, is with respect to the offshore main
channel approach, subjected to the mortherly littoral
drift. However., in the future as the estuary is further
dredged, widened and deepened, it is quite possible that
the entire tidal prism may change, to such an extent as
to cause more siltation in the estuary. Model testing
would be required to evaluate these wffects but it is
judged, from an overall viewpoint, that such siltation
would not be a serious problem and the amount that would
occur, could be removed by periodic maintenance dredging,

consistent with the value of the new expanded Port.

The general topography in the Corinto area is low-
level, consisting basically of mangrove swamp on the east
side of the Island, where the port expansion would cccur,

with two small tidal inlets, entering into the swamp.

The general soil conditions consist of one or two
meters of organic silt in the swamp, overlying fine to
medium sands and then encountering hard pan or bedrock
below. The sand material in the river is suitable as hy-
draulic fill, with possibly some undercutting to mix with

the overlying organic silt. It appears that the organic silt



can be stabilized sufficiently, simply by placing and sur-
charging hydraulic fill on top. Only in igolated arcas for
specific structures would the organic silt layer have to be

removed.

Earthquakes are a design consideration at Corinto,
in terms of the history of destruction in the past. How-
ever, very little can be done about the situation in that
the port is already establisked; and the purrose of this
Study is to expand the existing port and not locate a new
port in a new area. Consequently, the designs will have to
take into account earthquake problems dealing with surface
faulting, movements, liquefaction, and tsunami hazards.
From a practical viewpoint, nothing can really be done, with
respect to surface faulting and tsunamies. However, the
structures can be designed for horizontal and vertical move-
ments, using standard earthquake analysis; and the liquefaction
of subsoils is not deeme” serious, since it is intended to
found the major structures on the hard par or bedrock, which

is located within reasonable distance from the surface.

VIII. Alternative Locations-Expansion

Eleven alternative sites were considered for the expan-
sion of the Port of Corinto, to provide three additional gen-
eral carge wharves, plus room for a potential fourth berth. ..

The sitec are shown on Figure H-14, and include six areas on
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the Island of Corinto, plus three potential areas for ex-
Pansion, on the east side of the Estero E1 Realejo, opposite

Corinto,

Numerous factors were taken into account, in evalu-
ating the relative merits of one site versus another; such as
cargo handling, dredging of channels, goil and rock conditions,
infrastructure, costs, etc. All of the sitec have particular
advantages and disadvantages. But from an overall long-range
consideration, it was concluded that Site C, immediately north
of the Liquid Cargo Pier presently under construction, would

be the most favorable site, for the various reasons enumerated.

Expanding over the east side of the estuary is an at-
tractive alternative but unfortunately, because of the lack
°f infrastructure,the costs would be very high and such ex-
>ansion must be deferred to the future, when larger scale
)rojects are contemplated, which would vtompensate for the high

.nfrastructure costs.

IX. Recozinended Expansion

The recommended expansion of Port facilities at Site c,
as indicated on Figure H-15, were based on assumptions regard-
ing completion of the present facilities under coenstruction,
the tonnages projected in the future, the fact that an addi-

tional city block will be demolished and made available for
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Port use, and the assumption that the existing tank farm .

and shrimp boat facilities can be relocated.

each berth would accommodate a 25,000 DWI' container ship and,
therefore, each berth length is 260-meters long, extending
back 400 meters, with a dredge depth of 13,33 meters, mean sea

level.

The turning basins are dredged in stages, in front of
the berths, as the construction proceeds for years 1985, 1991
and 1997. The turning basin is assumed at 40G-meters width,
and in addition, it is recommended that the 90 meter existing
channel, extending out to open waters, be widened to 150 meters
for future two-way ship traffic; and that the turning basin
of 310-meters width, in front of the Container Wharf presently

under construction, be increased to 400-meters width.

The dredging of the turning basins and channels prcvides
sufficient fill for Port expansion, with a surplus available
for use in land reclamation to develop areas for housing, com-
mercial and industrial uses. The ecological effect ig beyond
the scope of this Report, but it does appear t¢ be minimal from
an overall viewpoint, when considering the low-grade mangrove

swamp to be covered with fill.

An evaluation was made as to whether or not future dredg~

ing should lLe accomplished, by outside contractors bidding
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competitively, or should the Port Authority purchase and
operate its own dredge. 1In general, it is assumed that the
Port Auvthority would enter the dredging business, when the
unit price would be about 2/3 that of competitive bids;

thus allowing for the added overhead, risks, and other fac-
tors accruing to the Port Authority. On this basis, the
analysis showed that the Port Authority should not, at this
time, purchase and operate its cwn dredge, primarily because
the volume of dredging projected in the immediate future

is insufficient to result in low price operations for the
Port Authority. The capital costs, maintenance, and operat-
ing costs of dredging would be excessive; compared to compet-
itive bids for the relatively small quantities projected in
the next few years. It is recommended, however, that this
decision should be reviewed in the early 1980's when the
first phase of dredging for the expansion of the Port of
Corinto will take place and when, quite possibly, the harbor
and port activities contemplated in Nicaragua expand to such
an extent that larger volumes of dredging are required. At
that point, with fixed capital costs and other factors, the
unit price of dredging would then diminish to a sufficiently -
low base to justify purchase and operation of a dfédge, by

the Port Authority.

The inherent advantages of the Port Authority, having

its own dredge, are ackncwledged in terms of greater flexibility



S-12

in contracting procedures and maintenance of channelways?
However, these intangibles must be equated with costs and
also, the practical realization that all dredging could not
be accomplished by the Port Authority with a single dredge.
Some of the channelways are exposed to swells and currents,
wherein the pipeline cutterhead type dredge contemplated
would not operate economically and/or efficiently. Also,
as port activities expand in Nicaragua, it is quite possible
that dredging may be required simultaneously at two ports.
In any event, it is apparent that the Government will still
have to subcontract some of the dredging, even if a dredge

were purchased.

Consideration was given to the infrastructure require;
ments and these were divided into two phases. The first, for
basic infrastructure to simply develop the wharf area; and
then later followed by a more sophisticated infrastructure to
meet the specific port needs of the future with the type of

cargo, equipment, etc., to be employed.

Estimates were made of the personnel requirements of
the future and it is anticipated that about 340 additional
pérsonnel would reside in Corinto, during const-uction of
the future additional marginal wharves, consisting of 300
Nicaraguans plus 40 foreigners. Accordingly, housing and

other accommodations would have to be provided. Whereace
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the future operations of the Port, up to year 1995, anticipate
that the port staff would increase from its present size of

300 to about 450 people; and the stevedores would double from

1,200 to about 2,000.

Preliminary layout schematic designs were made, based
on design criteria with respect to size of ship, water depths,
live load, earthquake forces, etc. On this basis, four al-

ternative designs were seriously considered:
1. Steel sheet pile cells - Drawing H-19.
2. Reinforced concrete caissons - Drawing H-20.
3. Steel pipe piles - Drawing H-21.
4. Prestressed concreté piles - Drawing H-22.

All of these designs are based on deriving positive
support on the underlying hard pan or bedrock. It was con-~
cluded, however, that the prestressed concrete pile design
would be the most appropriate for more detailed study, in
view of its overall economies, maximum use of local materials,
and relatively lightweight structure for earthquake loading.
Consequently, subsequent analysis proceeded on the basis of
the prestressed concrete design, and the construction methods
were analyzed in terms of the contractor setting ub a plant

for the prestressed piles, and the stages in which the work



8-14

would be accomplished,within a constructicn period of three

years, as shown on the construction schedule bar chart.

On this basis, construction costs were estimated as-
suming January 1976 prices, without escalation. The details
are shown in the Appendix for the various stages of construc-

tion, but are summarized below:

Port Exnansion

Cost Estimate Summary

1985 1991 1997
Berth No. 1 Berth No.2 Berth No.3
Dredging, Wharf & Engineering . 131,476,900 55,481900 110,440,400
Relocate Tanks & Shrimp Boats 62,425,000

Complete Facilities & Engineering 68,529,000 108,629,000 54,813,500

Total - Cordobas 262,430,900 164,110,900 165,253,900
Total - USA Dollars 37,490,000 23,444,000 23,607,000

Port Expansion

1985 Berth No. 1

Local Foreign Total

Capital ‘Capital Capital
Dredging, Wharf & Engineering 45,725,380 85,751,520 131,476,200
Relocate Tanks & Shrimp Boats 44,425,000 18,000,000 62,425,000

Complete Facilities & Engineering 20,443,300 48,085,700 68,529,000

Total - Cordobas 110,593,680 151,837,220 262,430,900
Total - USA Dollars 15,800,000 21,690,000 37,490,000
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It is estimated, based on past experience, that the
construction costs would escalate approximately 6 percent
Fer year for the marine construction. Accordingly, for
Berth No. 1 projected to be completed in year 1985, it would
mean that the construction costs would be about 60 percent
higher; than those estimated in January 1976. 1In financing
the project, these escalation factors must be taken into

account in setting up any sinking fund or bond issues.

The estimates also separate into two parts, namely,
the initial basic Structures and infrastructure required;
plus the future enlargement of facilities with additional
infrastructure, warehousing, paving, etc. 1In short, the
basic costs of developing the raw land are compared to a

completed, final facility.

In the cost estimates, it was assumed that dredging
of the channels, turning basins,was primarily for the Port
and, therefore, a port use. Those wishing to reclaim land
for other uses, such as commercial, housing and industrial
development, would then have to pay to the dredger a premium
in order to have the surplus dredge material deposited in

the swanp, in those areas to be developed.

Consideration was given to lead time purchases for
scarce materials, but this is difficult to predict so many

years in advance. Nevertheless, it can be assumed that the
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steel products and specialty items would still be scarce, and

lead time purchase is required.

Analysis was made of the maintenance costs and basicallx
for the dredging it was assumed that about 200,000 cubic meters
pPer year would have to be dredged as a result of siltation.

This presumes some change in the tidal prism, as a result of
the widening of channels and turning basins, thus causing ad-
ditional deposition of silt. However, it is not anticipated
that such dcpesition weuld be excessive, simply because the
silt load emptying into the Estuary is relatively restrictive;
whereas, the main maintenance dredging would be outside the
harbor area, in the seaward channels where the littoral drift

travelling northward up the coast would be entrapped and main-

tenance dredging required.

The structures themselves would require maintenance,
which must be funded and this is based on a sliding scale,
over the 40-year minimum life of the structures, varying from
0.5 percent of the capital costs for the first 5 years to as
high as 3.0 percent after 20 years. The maintenance would be
accomplished by a staff of about 15 people, added on to the

present maintenance staff.

Outline specifications are presented for the prestressed
concrete pile wharf design. These specifications do not detail

che dredging aspects to any large extent, as this would be
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covered in repcrts, prepared by the soils and civil engineers.

X. Conclusions

It is concluded that to meet the future demands, general
cargo and container berths will be required at the Port of
Corinto in the years 1985, 1991 and 1997. These three berths
are in addition to the present Container and general cargo

wharf, and Liquid Cargo Pier, presently under construction.

Alternative sites were studied and it was concluded
that expansion should proceed northward from the Liquid Cargo
Pier and this entails demolishing another row of city blocks,
as well as relocating the tank farm and the shrimp boat facil-

ities.

Based on January 1976 prices, it is estimated that the
costs for the three future berths are: 193,901,900; 55,481,900;
and 110,440,400 cordobas. In comparison, the complete facil-
ities, with all infrastructure and transit sheds, etc., would
cost a total of:; 262,430,900; 164,110,900; and 165,253,900
cordobas. It is anticipated that escalation would increase

these prices at the rate of six percent per year.

It is anticipated that in the future, as the Port
"develops, the east side of the estuary will be the site for
wharf construction and segregated piers. The basic infra-

structure would have to be installed with connections to the
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mainland, as well as a bridge connecting the Island of Corinto

to the east cide of the estuary.

Analysis was made of the desirability of the Port
Authority purchasing and Operating its own dredge.. It was
concluded that for the dredging projected for the immediate
future, it would not be economical for the Port to enter into
this operation. The major dredging in Nicaragua is now taking
place at Corinto, by an outside contractor, and it will be some
yYears before large volumes of dredging are required. Accord-
ingly, this recommendation should be reviewed in the early
1980's when the first expanded berth will be constructed and

when, quite possibly, other ports in Nicaragua may be developed.



FEASIBILITY STUDY
FOR
LAND RECLAMATION PROJECT
FOR TEE
COMPLEMENTARY URBAN DEVELOPMENT
OF THE

CITY OF CORINTO NICARAGUA

FINAL REPORT OF PORT STUDIES

I. Introduction

The purpose of this Final Report of Port Studies,
representing a section of the overall Feasibility Study for
Land Reclamation at Corinto, Nicaragua, is to present an ev-
aluation of the land reclamation project as it relates to port
development only. This evaluation is based on approximate es-
timates of future export and import cargo tonnages, extending
up to the year 2 000, as provided by the Consulting Economlst.
Based on these cargo progectlons and the natural site condi-
tions, an assessment is made of the technical fea81b111ty of
port expansion an? development, along with approx1mage capital

costs and maintenance percentages.



Concidering the natural shaltered deep waters of the
Port of Corinto, the inevitable growth of exports and imports
as population and industrieg grow, the necessity to provide
spacious land areas for modern port facilities, the trends to-
ward larger vessels, the present full capacity operations at
the port and the trends toward designing specialized berths,
all pointto the conclusion that the Peart of Corinto will ex-
pand beyond the presently planned program of constructing a
new Container Wharf and Liquid Cargo Pier. The practical
necessities of the future require more land area and more

berths for the port.

II. Objective of Port Study

The objective of this Port Study is to determine the ex-
tent, location and costs of reclaiming land at Corinto for port
use only. In this connection a land use, which generates em-
ployment, is of first priority and quite obviously, port op-
erations are the prime activity at the City of Corinto from
which activities related to other industries develop, such as
commerce, public and residential uses. However, development
of the Port must meet the needs of the port from an overall
national interest, The Port cannot progress by itself, without
conrdination with the activities and development of all of

Nicaragua.

The extent of land required (hectares) is determined by



the projected growth in cargo handling at Corinto, within 20
Years (year 1995). Thig study also considers the probable

use of the facilities for specialized use, as this determines
the water depths, loads on the wharf and costs, all related

to phased construction to meet future increasecd cargo handling

demands.

This Port Study will pProvide some of the basic data
‘necessary to support a loan application to an international
lending agency. However, this Port Study in itself will be
incomplete, without the input of the Urban Planners and Econ-

omist.

The estimated capital cost developed by this Port Study
are only for port land reclamation and development. Specif-
ically, the costs will include dredging, bulkheading, filling,
utilities, roads and railroad. It will not include such items
as fendering, wharf fittings, paving, transit sheds, buildings
and material handling equipment. In short, the cost of devel-
oping the raw land for port use will be established, without

regard as to how that land will be specifically used.

However, for the purpose of guiding the Autoridad Por-
tuaria de Corinto in future planning, separate cost estimates
will be provided to complete the facilities with paving, build-

ings and equipment.

This Port Study assumes that the present prpgrém:of‘¢Xg



pansion will be accomplished within the next 3 to 4 Years, con-
sisting of a new Container Wharf, a New Liquid Cargo Pier and
dredging of about 2 million cubic meters, resulting ia about
1.5 million cubic meters of fill placed on land. Consequently,
this study assumes these new facilities already exist, con-
structed in accordance with the existing contract plans and
specifications, as prepared by Frederic R. Harris Eng. Corp.,

Cisneros y Conrado Co. Ltda, Santos y Helemann.

IITI. Existing Port Facilities

Detailed descriptions of the existing Port facilities
at the City of Corinto will be presented by the Urban Planners.
However, for reference, the following summarizes the existing

port facilities.

The Port of Corinto, located on the North Pacific Coast,
is the prime port of Nicaragua, handling the largest tonnage
of cargo. The relative location of Corinto to other ports,
is shown on Figure H-1 and the overall arrangement of the city
and port with respect to surrounding areas is shown in more
detail on Figure H-2 and Figure H-3. The existing wharves
are located at the southeast end of a long, narrow island
sheltered by an offshore island (Isla del cardon) and penin-

sula extension (Castanones) .

Corinto is located in the prime agricultural section of

. the country. However, the vast majority of port related in~



dustry is located in Chinandega, located immediately north-
east of Corinto. Because of the presence of a natural harbor,
an infrastructure has developed, connecting the port by rail-
road and highway to Chinandega, Leon, Managua and other areas,
thus expediting exports-imports throughout the country.
Consequently, the sheltered, relatively deep draft harbor and
integrated transportation network serve the expanding economy

of Nicaragua.

Unfortunately, useable land area on the leng, narrow
Island is limited. The eastern part is a swamp. The only
useable land, at present, is a very narrow strip of higher
land extending along the west side of the Island, down to the

City of Corinto at the south tip.

The Autoridad Portuaria de Corinto, mindful of the nat-
ural growth of the port, coupled with the shortage of useable
land, has developed the concept of reclaiming a portion of the
350 hectares of swampland on the island for the orderly expan-
sion of the Port and the City of Corinto. The technical fea-
sibility of reclaiming swamplands for port use is the basis

for this Port Study.

Starting at the south end of the Island and extending
around a portion of the east side, on the east kank of the
‘Estero E1 Realejo, are the following port facilities, shown

on Figure H-4.



A Banana Pier, constructed around 1672, consigting
of a conveyor system from shore, with ship loader
conveyors, extending out from breasting and meceor-
ing dolphins. It is designed tc handle 16,000
boxes (400 tons) of Lanana per hour, or other

boxed kagged cargo.

A General Cargo Wharf for 2 berths, 370 meters
long, with 2 transit sheds each 50x117 meters

in area, with 10,000 square meters of open stor-
age, plus railroad service and 10 meters water

depth (MLWST) zlongside the wharf.

0ld Timber Ceck Pier, primarily for liquid cargo,
built in early 1500's, having a length of 160
meters, width of 12 meters, and 7 meters of water
depth (MLWST) alongside. This pier is used for
general cargo and for liquid cargo products pumped

through pipe lines on the deck.

Miscellaneous small facilities for POL, a marine
RR, Shrimp Boat Pier, etc., all located adjacent

to the existing tank farm.

The port owns a 1,100 HP tug and one pilot boat.
In addition the port owns numerous fork 1ift

trucks and 1-1/2 and 5 ton cranes.



The Banana Pier and the General Cargo Wharf, with its
two transit sheds, are all in good condition. 1In contrast,
the O0ld Timber Deck Pier and miscellaneous small facilities

are in poor condition.

IV. Immediate Proposed Port Expansion

It is understood that in the immediate future the fol-

lowing construction will start, to expand the Port of Corinto.

1. Dredge a main channel to a depth of 11.0 meters

(MLWST) .

2, Demolish the 0ld Timber Deck Pier and construct in
its place a 240 meter long wharf for containers.
The new Container Wharf would be a straight ex-
tension of the existing 2 berth whaff. The inter-
vening area to shore would be filled to create
20,500 square meters of open storage. The water
depth alongside would be 12 meters (MLWST). A
crane and straddle lift carrier would be provided,
‘of sufficient capacity to handle 40 foot containers.

Railroad service would be installed.

3. Construct a new Liquid Cargo Pier consisting pri-
marily of a trestle structure with a central load-
ing platform and mooring and breasting dolphins.

It would be constructed immediately north of the



new 240 meter long Coutainer Wharf, in front of
sone of the miscellaneous small facilities and
storage tanks. The water depth alongside would

be 12 meters (MLWST).

4. Construct a new Administrative Building, Steve-
dores Building and relocate a workshop, warehouse

and gasoline filling station.

All of the above work is to be completed within about
3 years. The dredging will start very early in 1976.
Accordingly, plans must now be developed for the land to be
reclaimed so as to effectively utilize the dredge spoil,
filling the areas of first priority. At present, the con-
tract plans indicate using dredge material to fill in sta-
ges, beginning at the extreme south end of the swamp near
Isla del Amor and advancing northward. This general schedule
is consistent with the anticipated development of the Port
and City of Corinto since about two million cubic meters of
material are to be dredged, but considering washout and
transportation losses, only about 1.5 million cubic meters of
material will be available as fill. Supposedly, the dredged
so0il will consist primarily of fine sand, compacted by the
puddling action of the hydraulic placement of the fill. This

snould create a satisfactory fill material.

It is understood that closing of the "Canal de Boca



Falsa," between Isla de E1 Cardon and Peninsula Castanones
will not be accomplished. Also, a breakwater will not be
constructed off the southeast end of Corinto, across Banco
Sawyer, to divert tidal flows into the main entrance channel
80 as to cause scouring and self-maintenance of channel
depths. It is important to state that this construction will
not be accomplished (but has been discussed in the past) in
order to ascertain the future conditions at Corinto. Con-
sequentiy, in determining the cost of maintenance dredging,
it can be assumed that the present rate of sgiltation will
continue, since no provisions will be made to reduce the ef-

fect of littoral drift migration into the main channel.

Although some consideration was recently given to
moving the Liquid Carge Pier further north, or interchanging
the new Container Wharf with the new Liquid Cargo Pier; it is
understood that the work is proceeding as originally planned,
and as generally shown on Figure H-4. Consequently, this
Final Report presumes that the new Container and General Cargo
Wharf, as well as the new Liquid Cargo Pier, "exist" and in
effect have been constructed. Future expansion proceeds on
the basis that these two facilities, along with the channel

dredging, represent an "existing condition."

V. Cargo Projections and Berth Requirements

The Port of Corinto and Port Samoza are both located
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on the Pacific Coast of Nicaragua and account for over 80
to 85 percent of the gross marine cargo tonnage of the
nation. Although the East Coast ports will develop in the
future, it is expected that their development will not
greatly detract from expansion of the Port of Corinto and
Port Samoza, as both have theif local base of operations and
products, and close proximity to Managua and the other main
cities along the Pacific Coast, thus precluding any "major

competition" from East Coast ports.

Furthermore, in the future, as the nation expands its
economy, it will naturally develop that manufacturing at
Port Corinto and Port Samoza will tend to exceed the Port
itself in terms of employment and total income. However,
such operations as manufacturing are essentially an outcome

of the fact that the Port itself exists.

The product mix is distinctly different at Port Samoza
and Port Corinto. For example, Port Samoza has a limited
water depth of about 4 meters, handling primarily crude oil
via submarine pipeline. This product is pumped to a rafinery
at Managua. In addition, Port Samoza handles a modest ton-

nage of general cargo serviced by lighters.

In contrast the Port of Corinto has a wide product mix,
excluding crude oil. Most general cargo and other dry bulk

cargo and agricultural products use Corinto. Attached are



tabulations of export and imports handled in 1974, through
the Port of Corinto. The shipments consisted of 568,300
revenue tons of exports and 356,700 revenue tong of imports.
They are in cloge balance, but this is meaningless, from a
material handling viewpoint, without an analysis of in-

dividual commodities.

Considering the very limited‘area at the existing
wharves, it is fortunate in some respects that the large
bulk items, such as cotton, banana, sugar, etc., are all
exported since the entire City of Corinto and its hinter-
land, with individual small warehousaes, can be used as stag-

ing areas for ship loading. The operation is remarkably ef-

11

ficient due to close coordination and considerable deploynient

of manpower. Nevertheless, further economies and faster
ship turnaround would result if additional land areas were

located immediately adjacent to the wharves themselves. At

present both the existing and the planned facilities have in-

sufficient adjacent land area.

The Port of Corinto handled 1,125,000 revenue tons of

cargo in 1974. As best as can be determined, the breakdown

of commodities accommodated over each of the individual facil~

ities were as follows:
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FACILITY REVENUE TONS
Banana Pier..................... 132,700
Marginal Wharf (2 berths........ 805,000
0ld Timber Deck Pier.ieeevo..... 100,000
Miscellareous Small Facilities.. 87,300
TOTAL - 1,125,000 RT

In general, the Banana Pier handles boxed bananas
and refrigerated beef packages. Supposedly, the conveyor
system is designed for a loading rate of 16,000 boxes per
hour, which is equivalent to a design rate of 400 MT per
hour. Considering a two shift production of 14 hours per

day, a 300 day year (straight time Pay) the present utilji-

of 250 MT per hour. Therefore, taking into account ship

bunching and turnaround, to approach a usual utilization rate
of about 50 percent, aboﬁt four times more product can be ex-~
ported than is presently exported or say about 550,000 RT per

yYear over the Banana Pier.

However, it is doubtful that 550,000 RT of bananas ang
pPackaged beef would be exported over this pier, within the 20
Year (year 1995) limit of this study. Indications_from banana
growers point towards an export of about 200,000 RT per year

in the future and in all probability, beef would be shipped
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in refrigerated containers. Consequently, in evaluating . future
throughput to determine additional berth requirements, it has
been assumed at this time that the existing Banana Pier will
handle 150,000 RT in 1975, generally increasing in 25,000 RT
increments every 5 years, tc a total of 250,000 RT export in
year 1995. This is conservative and consistent with the ex-

pectations of exporters.

The existing Marginal Wharf, with its two berths, handled
805,000 RT of cargo in 1974. The operations required offsite
staging areas and use of private warehouses.because of the limited
land and open storage area at the port. The operations would
probably optimize at a lower tonnage, but considering the in-
creasedvefficiencies of future equipment and the flexibility
of alternative scheduling with the new Container Wharf, it
seems logical to assign a continued berth capacity of 800,000

RT per year to the existing two berth wharf.

The existing 01d Timber Deck Pier handles primarily
100,000 RT per year of liquid cargo. Once this pier is de-
molished to provide spacé for the proposed new Container
Wharf, all products will be transferred to the new Liquid
Cargo Pier. For this report it is anticipated that the
quantities of liquid cargo will increase in the fufure, parti-
cularly aviation gasoline, asphalt, and molasses.. On this
basis, it has been assumed that the new Liquid Cargo Pier

will handle increasing tonnages ccnsisting of 150,000 RT
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in 1980, increasing in increments of 50,000 RT each 5 years

to a total of 300,000 RT in year 1995,

The existing Miscellaneous Small Facilities located
north of the existing 01d Timber Deck Pier (adjacent to the
tank farm) handled 87,300 RT of cargo in 1974. Since some
of these facilities will be blocked by construction of the
new Liquid Cargo Pier, increased useage in the future is
qguestionable. However, it is assumed that the use of these
facilities remain at a constant 100,000 RT per year. Should
this not be possible in terms of interference with the new
Liquid Cargo Pier or possibly even future demolition of these
Miscellaneous Small Facilities for normal expansion of the
Port, then this 100,000 RT could easily be handled at the
future wharf, (built after 1980) thus increasing its through-

put but within normal, realistic limits.

The presently planned Container Wharf will be constructed
within the next few years. The tonnage to be handled over
this berth is difficult to estimate, as it depends on whether
or not containers will play a dominant role. It is appreci-
ated that general container useage increases every year and
this increase represents a definite trend. However, many of
the import and export items at Corinto do not necessarily
lend themselves to containerization. On the other hand, de-
pending on arrangements with other nations in Central America
and with shipping companies, Corinto could become a majo; con-

tainer port, servicing and transshipping products throughout
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Central America.

It is realized that various meat packers in Nicaragua
have expressed great interest in refrigerated container ser-
vice. However, the extent to which containers are used for
meat export depends to a large extent on the charges the
Port will make to the shippers. Considerirg the unidirection-
al flow of containers, coupled with the high capital costs of
constructing new wharf facilities, it is problematical whether
the interest expressed today in containerizing meat products
will necessarily materialiée in the future, as a large scale
container operation, once the handling charges are established.
It is, therefore, essential to establish such charges and ne-
gotiate them at an early date, as this in turn will determine
to some extent the volume of refrigerated meat to be shipped

out of Corinto in containers.

A modest growth in tonnage is anticipated over the plan-
ned Container Wharf. A mixture of both containers and bulk
cargo being handled initially at the rate of 200,000 RT in
1978 and then increasing and remaining constant at 500,000
RT in 1980 through year 1995. This throughput of 500,000 RT
could increase if appreciable containerization is utilized.
Also, it could be increased to 600,000 RT if the Miscellan-
eous Small Facilities (adjacent to the tank farm) prove in-

capable of handling that volume because of interference with

the new Liquid Cargo Pier or demolition of these Miscellaneous
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facilities because of Port expansion to the north. A more
detailed discussion of containerization follows in the next

gection.

The estimated throughput of both the existing facili-
ties and the proposed planned new facilities, in 5 year incre-

ments, Jis suwiarized as follows:

FACI .13 Y~CORINTO EXPORTS + IMPORTS (1,000 RT)

1974 1975 1980 1985 1990 1995 2000

Barana Pier 132,7 150 175 200 225 250 275
Marginal Wharf
(2 berths) 805.0 800 800 800 800 800 800

0l1d Timber Deck Pier 100.0 100 none none none none none
Misc. Small Facili-

ties 87.3 100 100 100 100 100 100
New Liquid Cargo Pier none none 150 200 250 300 350
New Container Wharf none ‘none 500 500 500 500 500
TOTAL (1,000 RT) 1,125 1,150 1,725 1,800 1,875 1,950 2,025

Total less Bananas
& Liquid Cargo 892 9C0 1,400 1,400 1,400 1,400 1,400

It must be realized that the Banana Pier and the new Li-
quid Cargo Pier could handle larger tonnages, but it is doubt-
ful that the need will arise. However, if the tonnages handled
by these two specialized facilities should increase beyond the
estimate, the increased tonnages would be independent of the
centainer and general cargo needs which determine the number
of additional berths required and the extent of land reclam-

ation required for port use. The important point is that the
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Port of Corinto with its existing two berth wharf, plus the
Miscellaneous Facilities, plus the planned Container Whatf,
will all together be able to handle 1,400,000 RT per year of
container and mixed cargo. Consequently, any port traffic
above 1,400,000 RT will require additional berths, excluding

bananas and liquid cargo.

Using the preliminary port traffic projections and esti-
mates of tonnages handled through both the existing and planned
facilities, it is possible to determine the additional berths
required in the future, based on the totual projected tonnages
for the entire Port of Corinto, 1less bananas and liquid cargo.
The additional tonnage will require primarily general cargo
type berths, with some containerization. These facilities
would handle increased future exports of agricultural products

such as cotton and sugar.

Also, increased imports could be expected with commod-
ities such as wheat, fertilizer, autos, machinery, equipment,

iron, steel, etc.

Preliminary projections of total exports and imports,
through Corinto, to year 1995 have been prepared by the Econ-~

-omist.

Although individual commodity fluctuations are difficult
to predict, the total tonnages can, however, Le more reliably

- estimated as they are related to such matters as gross dcmestic,
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product, per capita income, population growth, etc. 1It is

a basic expectation that 60 percent of the gross national
product will be represented in exports plus imports. Con-
sequently, using such parameters, the ultimate tonnages to be
shipped through Corinto can be estimated by the Economist with
some degree of accuracy, ignoring minor fluctuations caused

by temporary external influences.

Figures H-5, H-6 and H-7 show the estimated exports,
imports and combined tonnages, passing through Corinto, up
to the year 2000. Three ranges of projection are given -
high, medium and low projections and for the purposes of this
Port Study, the "medium" projections have been used to deter-

mine future expansion of the Port of Corinto.

Figure H-8 shows the medium projection of combined ex-
ports and imports, but excluding those products which would
use the Banana Pier and the planned Liquid Cargo traffic. 1It
is assumed that the specialized Banana ard Liquid Cargo Piers
will be under-utilized, but not capable of handling general
pProducts. Accordingly, on Figure H-8 the present and planned
capability of handling 1,400,000 RT of container and general
cargo coincides with the year 1984. After 1984 additional con-
tainer and general cargo wharves will be required to handle
the total of 2,233,000 RT of container and general caxrgo by

year 1995.

In order to determine the total number of additicnal
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berths required in year 1995 to handle the deficiency of
833,000 RT (2,233,000-1,400,000 = 833,000 RT)estimates were
prepared of the carao capacity of a typical container general
cargo berth. These estimates take into account the seasonal

fluctuations and anticipated commodity mix.

Figures H-9, H-10 and H~-11 show the monthly fluctuation
in exports, imports and combined tonnages, basically reflect-
ing changes due to the agricultural section of the economy
and the predominance of agricultural related exports and imports
through Corinto. Discussions of average yearly throughput
are meaningless if there are several months when the through-
put is above average. Unless such "peak" tonnages are con-
sidered, excessive delays and demurrage will result. Conse-
quently, although it is uneconomical to design for maximum
peak tonnages, consideration must be given to planning for peak
periods. From a review of Figure H-11, about 20 percent
throughput above the average seems to be a reasonable basis
for design and is consistent with the experience of other ports.
On an average handling 500,000 RT per year of container and
general cargo over a new modern wharf, represents a favorable
rate of throughput for Corinto and allows a "peak” throughput
of 600,000 RT per year, if the increased rate was sustained
the entire year. The rate could easily be assumed at 700,000 .
RT, again assuming that the Miscella:eous Small Facilities are

not operating and the products are handled over the new general
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cargo container wharf, built in 1985.

On this basis, for the 833,000 RT deficiency in year
1995, a total of 1.7 additional berths of 500,000 RT average
capacities (or 600,000 RT without the Miscellaneous Small
Facilities) will ultimately Le required beyond the present
existing and pPlanned facilities. Obviously, a partial berth
cannot be constructed and handling 833,000 RT per year through
one berth would be excessive. Consequently, two additional
berths will be required, thus providing less congested faci-
lities and/or sufficient capacity to meet the demands up to
year 1995. In any event, good design pPractice requires that
in the Planning of two required berths, space be provided for
expansion for a third berth. Accordingly, layouts will pro-
ceed on the basis of three additional berths which will the-
oretically accommodate container and general cargo increases
after the year 1997-2000. on this basis, even three berths
do not seem excessive, considering the time lag in planning,

design, appropriation of lands, construction, etc.

In conclusion, master planning should proceed with three
(3) additional container general vargo berths (beyond the
presently planned facility) with area set aside (zoned) for

a potential fourth berth.

These requirements establish the land reclamation areas,
the infrastructure ang the land needed for port related indu-

stfies. The additional berths, coupled with the §0il invest~
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igations, also establish the channel lengths and widths,
turning basins and hence indirectly determine the availabil-

ity of sufficient dredged material to £ill the land areas.
VI. Containers

A detailed study of the potential container traffic at
the Port of Corinto is beyond the scope of this Report.
Nevertheless, the volume of cargo to be handled in containers
is an important design factor, in terms of the type of facil-
ities required and the land area necessary for backup. Effi-
cient container operations require as much as 10 hectares of
land per berth. The precise area is a function of the sizes
of container handled, the mix of various sizes, the layout of
the facilities, the need to reassemble and transship as well
as requirements for refrigeration. Obviously, the subject
is too complex to be detailed in this Report, other than to
establish some parameters of tonnages and land area to be

reclaimed.

The presently planned Container Wharf, under construction,
has minimal area for efficient container operations, even
assuming that additional land is obtained from the city by de-
molishing another city block, parallel to the wharf. However,
since this new wharf will also handle general cargo and since
there will be reclaimed land nearby, to which containers can
be hauled and sto;ed; the problem is not overly serious and

~as the port expands toward the north, more and more reclaimed
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land will be readily available in close proximity to new

wharves, thus alleviating congestion.

It is understood that discussions have already been
held with private container lines which view Corinto as a
potential regional container port. The needs of these pri-
vate lines is beyond the scope of this Report, but as pre-
viously described, a great deal depends on the container
sizes, the products to be carried, the reassembling, repairs
and more specifically, the need for refrigeration. It is
quite possible that minimal requirements would suffice
(simply a storage area with fencing around it) and trailers
used to move the containers to a reclaimed storage area,
beyond the immediate limits of the wharf itself. However,
the requirements may be more sophisiicated, depending on

the products handled.

High value commodities lend themselves best to contain-
erization, particularly those that can be easily packed in
a container unit. Other products of a bulk nature or general
cargo, may not necessarily lend themselves to containerization.
This then, determines the material handling equipment. A
container crane does not have the "flexibility" for efficient

general cargo handling; compared to a mobile whirly crane.

It appears that from discussions with shipping lines
and others, Corinto will develop, in some measure, into a

container port. This includes the possibility of not only
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obtaining container traffic frem Honduras, but serving to
some extent a2z a regional container port. Studies that have
been made by the World Bank indicate that in Central America
in 1990, the portential container traffic would be over
3,000,000 metric tons. This, however, represents both the
East and West Coasts of Central) America; whereas, Corinto

is best suited for container traffic to Japan and the West
Coast of the USA, plus intercoastal service between the various
Central American nations on the Pacific Coast. There is, of
course, the possibility of diverting through the Panama Canal
for Europe and the East Coast of the USA; but realistically,

such traffic would be in competition with east coast ports.

On the basis of an average cargo load of 15 metric tons
per a container, previous studies by others have indicated a
forecast for Corinto in year 1990 of handling about 53,000
containers, representing about 800,000 metric tons. This would
be a volume somewhat difficult to handle at one berth, without
demurrage, etc. It is more likely a two-berth requirement.
This takes into account that the number of containers handled
by vessels, vary from wide ranges but a general acceptable
figure, on an average, is about. 600 containers per ship.
This would mean 88 vessels a year; feasible for one berth
but crowded at times with ship bunching. It therefore, ap-
pears that the existing contai ner wharf, presently under

construction, could, with some straining, handle the container
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traffic up to the year 1990.

The studies conducted for this Report with the projec;
tions by the Economist, do not consider Corinto as the re-
gional container port; per se, but instead are related to
other factors of national growth thereby, being independent
of the container volume forecasts. The new Container Wharf
is visualized as handling both containers and general cargo
with a capacity of 500,000 to 600,000 RT annually. This is
not overly inconsistent with the container traffic forecast
for Corinto, which is about 350,000 metric tons in 1980,
about 700,000 metric tons in 1985 and about 800,000 metric

tons in 1990.

Since the basis for this Study is year 1995, with a
total of 2,233,000 RT of container and general cargo, taking
into account the present capacities of the wharves, the de-
ficiency is 833,000 RT in 1995. This represents the addition-
al 1.7 berths needed by 1995, beyond the present existing
and facilities under construction. The projections are,
therefore, not incompatible and in effect, take into partial
account of the concept of Corinto becoming a regional con-

tainer port.

All of the above emphasizes the need for flexibility
in planning. Fortunately, such flexibility is easily ob-

tained as development proceeds northward into the undeveloped
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swamp areas, there is ample room for expansion and the filling
is geared to the dredging. Consequently, as experience is
gained the precise timing for additional berths can be eval-
uated in light of experience. It is not a s..tuation of a
completely developed port with intermediate land lying idle,
on which capital investment and infrastructure has been
expended. It is merely sufficient to indicate the broad
parameters of expansion and the fact that by 1995, basically

two new additional berths will be required.
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VII. NATURAL SITE CONDITIONS

The natural site conditions determine to a large ex-
tent the relative merits of alternative locations, the
layout of facilities, and the consequent land reclamation

neads.

In general, the natural conditions at Corinto with
respect to winds, waves, tides, currents, soils, etc., are
not particularly difficult or imposing. The problems as-
sociated with the natural conditions are all solvable at
a relatively reasonable cost, compared to other ports in
the world where conditions are much worse. Consequently,
it can be stated that land reclamation for port use is
technically feasible. The economic aspects will, however,

have to be studied in detail by the Economist.

The following discussion of the natural site condi-
tions at Corinto focuses on the problems, their interde~
pendence, and their effects on the land reclamation project

as analyzed for port use only.

Rainfall

Rainfall data is of prime importance in terms of drain-
age requirements. The generally flat slopes over large ex-
tensive wharf areas and the limited height above sea level

all contribute to a difficult drainage condition, plus the
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fact that slopes cannot be too steep, because of the need
to efficiently operate handling equipment, such as fork-
1ift trucks, etc. Furthermore, the crane rails and rail-
road tracks with their own restrictive slope requirements
are a complicating factor in establishing an overall

drainage layout.

In general, it is intended to drdin the area by means
of open ditche., at least around the perlmeter, where there
would be no interference with traffic. Open ditches are
preferred from an econocmic viewpoint, and also because
they enable the shaping of z ditch to accommodate any de-
sign interferences. The ditches can be of adequate width
S0 as to handle the runoff, even though the ditch itself

may be relatively shallow.

The rainfall at Corinto is seasonable, with very little
rain from December to April. Reportedly, during the rainy
season, from May to November, over 25 cm of rain has occur=-
red in one day. However, the average monthly rainfall is

closer to 21 cm per month.

In September 1974 during the hurricane Fifi, the rain-

fall intensity was severe with 10 cm occurring in one hour.

Serious flooding cannot be tclerated. The drainage

system will have to be positive and adequate to accommodatg
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about 6.5 cm maximum hourly rainfall during- the rainy season.
This will mean designs consisting of catch basins, grating
over ditches, and open ditches at the perimeter. Such faci-

lities will be estimated in the basic construction costs.

Winds and Waves

Winds determine wave action, ship approach and departure.
Considering the main channel approach to Corinto and the ne-
cessary turns to reach the berth, it is obvious that an ideal
straight run against the wind is impossible. Also, conditions
have to be individually evaluated ‘fro a ship in light ballast,
presenting a large sail area, compared to a loaded vessel,
less affected by winds, but increasingly subjected to tidal

currents forces.

The winter trade winds from May to August blow from
the southerly quadrant and consequently develop wéves from
the south with relatively high wave energy. In contrast,
the summer wirds from October to March are from the north-
east to the west and create waves from the westerly direction
at Corinto. According to reports, the most severe wave

action is during che winter at Corinto during the months of

_June to August, when the southwest swell develops. These winds

may not be the strongest, but their steady persistent duration

accounts for the severe wave action.
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The frequency and direction of winds are as follows:

Direction Frequency Per Cent
North 16.33
Northeast 12.65
East 10,04
Southeast 8.33
South 10.45
Southwest 9.63
West 4,65
Northwest 5.47
Calm 22,45

Total 100.00

Information gathered to date indicates that the strong-
est winds are in January and February, with the worst from
the northwest. Reportedly, the strong winds do not create
any significant wave surge, raising the water above normal
tide elevations in the harbor of Corinto. Such a surge
could be important in terms of elevating the wharf and land
areas above flooding and also to protect utility trenches
and vaults. Fortunately these westerly winds will not create
waves on wharves located on the east side of Corinto and,
therefore, in establishing safe wharf elevations, wave run-
up during severe storms is not a problem. However, other
facilities, related to the land reclamation project and lo-
cated on the west side of Corinto "island" must take into
account wave runup, particularly at the north end where the
offshore water tends to be deeper, not influenced by shal-
low deposits of Jittoral drift. 1In contrast, off the south-

west end of Corinto, the shallow "Sawyer Bank" decreases



wave action and refraction changes the wave directions.
Consequently, the experience of the City of Corinto at
the south end of the island can not be extrapolated for
areas located to the north, where wave conditions will

be more severe.

Supposedly, the pPrevailing winds are from the east
and northeast from November to March within the general
range of 10 KM per hour and every 2 to 3 years a storm
from this direction attains velocities up to 80 KM per
hour. The prevailing winds are generally not severe but
would tend to push a vessel, berthed on the east side of
the island, against the wharf, particularly if future
berths are aligned ip a north-northwest direction, some-
what perpendicularly to the prevailing winds. According=-
ly, on occasions tug or tidal current assistance may be

required for a ship departing the berth.

From April to October, winds are generally from the
southwest. Notwithstanding, studies made by others, in-

dicate that offshore wave action is nota problem for ships
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approaching or departing Corinto. For example, it has been

estimated that ships of 9 meter draft (30 feet) could enter

the main channelway, 95 percent of the time, against the
prevailing south to west waves during June to October and

the prevailing offshore north to west waves during Novembe

to June. The approach would also have to consider the wind )

r
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and tidal currents at the time,

Tides and Currents

The tides control many aspccts of design, including
tie elevations of facilities and ship maneuvering. in
addition, maintenance dredging and “"self scouring" action

is dependent on tidal currents.

Figure H-12 shows tide ranges referenced to mean
sea level (MSL). 1In summary, the mean tidal range at Co-
rinto is 2.27 meters, with an extreme range of 3.11 meters,

extending up to 1.61 meters above meiun sea level,

Although this is not a very large range, it is suf-
ficient to cause a 2 to 3 knot maximum ebb current at the
existing wharves, diminishing to 1 knot at the offshore
channel and also north up the Estero El Realejo. The

flood tide currents are reportedly less severe.

Since these currents tend to align with the natural
channels, the berths should also align with the channels.
It is desirable for ships to parallel the currents, par-
ticularly to head into the tide when approaching or de-
parting the berth. Turning broadside to a 3 knot current
in a relatively narrow channelway would be dangerous. The
ship would havn to await slack tide. Accordingly; in the
Planning of wharf facilities for the land reclamation praﬁe
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ect, internal basins pProjecting into the swamp are dig=~-
couraged because of the need to maneuver perpendicular
to tidal currents or, encounter delays waiting for safe

tidal conditions.

The matter of detailed ship maneuvering is beyond
the scope of this report. Specific situations would have
to be studied with the Harbor Pilot. However, the prob-
lems are variable, considering if the ship is in light
or heavy ballast, loading or unloading, requiring special
cargo rlacement or handling facilities, etc. 1In short,
each ship approaching or departing Corinto at a particular
time has to evaluate the existing wind, wave and tidal con-

ditions to make proper decisions regarding maneuverirng.

One favorable aspect of the tidal conditions at Corin-
to is the fact that there seems to be a short time lag in
tidal response betweenthe main channel and the exiating

wharves. This simplifies the ship maneuvering.

The currents developed by tidal action play an impor-
tant role in maintaining the existing channelways free of
s8ilt and minimizing maintenance dredging. In recent years,
storms along the coast and the general progression of lit~-
toral drift have sealed off the north end of Paso Caballos
near the railroad bridge. Consequently, with this sealing

there tends to be a diminished flushing action in Egtero
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Paso Caballos and this may result in some added siltation,
However, until now, the tidal currents have been guffici-

@m  orheeaam o~ o~ N o o ¥ - - - 2
ently strong co as to flush out the fine
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grained material

b

and maintain a natural deep channel at Corinto.

Dredging of widened channels and turning basins,
therefore, becomes critical in terms of changing the tidal
prism to such an extent as to diminish this self~flushing

action. This matter will be discussed later in this report.

Littoral Drift

A net northerly littoral drift of 100,00C cubic meters
per year has been reported traveling up the coast of Nica-
ragua, passing Corinto. Supposedly, the predominant south-
west to west waves caused this net drift. In general, the
direction is north in summer and south in winter. However,
since the wave energies toward the south are about two
thirds those driving the sand to the north, the net result

is a movement of littoral drift toward the north.

The situation around Corinto is complicated by the iso-
lated island of El Cardon which serves as an offshore break-
water, providing shelter and some measure of entrapment for
littoral drift moving southward. It also causes refraction
of waves, thereby forming the shallows of Sawyer Bank at

the entrance to Corinto harbor.

In addition, the channel (Boca Falsa) between the o0ff=
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shore island and the peninsula to the south also tends to en~
trap some of the littoral drift which is later driven by
wave action inside the harbor, causing siltation in the main

channel turn, immediately south of +he City of Corinto.

The c¢onsequence of the littoral drift process is the
perpetual need for maintenance dredging cf the main channel,
which has been estimated at the rate of 125,000 cubic meters
per year. Accordingly, the prudent dredging procedures would
be to overdredge to some extent and then redredge every few

years when navigation becomes impeded.

Although redredging is a maintenance expense, it also
represents a source of fill for land reclamation. This de~
velops a need for staged planning to determine where to
place maintenance spoil as it becomes available. Presuming
that the maintenance spoil is a granular material, suitable
for filling, it can be used for land reclamation. The problem
arises, however, during dredging maintenance to have a suf~
ficient quantity of material to be removed, so as to make
economical mobilization of dredging equipment. The ideal
situation would be to defer maintenance dredging until that
time when port expansion proceeds with new channel basins,
channel widening, etc. so that large dredging contracts can
be let at one time, with the economies of large scale dredg~
ing, as well as the ability of the dredger to schedule pro=~

duction, using different equipment. during different periods
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of the year, depending on the wind and wave conditions,
In any event, littoral drift will require maintenance
dredging of the main offshore channel -~ approximately

everaging 125,000 cubic meters per year.,

Water Depths

Reportedly, the water depths in the estuary are rel-
atively stable. Apparently a balance between siltation
and scour has established itself. This is somewhat con-
trary to the statements made regarding littoral drift
depositions. However, siltation by littoral drift becomes
a factor after deepening of the natural 7.5 meter deep off=-
shore channel to about 11 meters (MLW) to accommodate 9

meter draft ships, Otherwise, the natural scouring action

"of the tidal currents tends to maintain an open channel way.

In the final siting of wharves, detailed sounding will be
used to establish specific alignments. The berth alongside
the wharf would be dredoed to about 12 meters at mean low
water (MLW) capable of accommodating up to a 40,000 DWT
(10.7 meter draft), taking advantage of high tide conéitions

to traverse the future 11 meter (MLWST) offshore channel,

A matter of concern is that dredging of new turning
basins and thus changing the natural tidal prism affect the
tidal velocities to such an extent that the historical self-
scouring process may be diminished with consequent siltation

occurring. It is a fact that historically the estuary was
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deeper with the old port located at El Realejo, which has

silted up in the interim,

However, in comparing hydrographic charts over the
years, such as 1884, 1928 and 1968, little siltation has

been observed, less than 100,000 cubic meters per year.

Besides the fact that the estuaries have established
a stable condition with tidal velocity, self~scouring the
channel ways, there is the fact that the freshwater dig-
charges encounter salt water far upstream so that precipi~
tation does not occur in the immediate vicinity of the ex-
isting berths. Also, this freshwater discharge, with its
siltload, is seasonable in that there is little rainfall
from December to April. Consequently, little siltation

could occur from this source during this period.

The water depths, as affected by littoral drift into
the main channel, are also stable primarily because with
the net littoral drift traveling norhtward, there is a ten-
dency for deposition to occur south of Isla del Cardon,
namely in the natural channelway of Boca Falsa. Conse-
quently, the littoral drift "traps" in this area, before
proceeding further northward into the main channel extend-

ing out from Corinto, north of Isla del Cardon.

The matter of the tidal prism being changed to such
an extent that siltation would occur, with consequent

added maintenance dredging, can only be resolved by model=-
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testing on a movable bed model, This would indicate to
what extent the currents are diminished, and siltaticon
may occur. However, it 1s judged that extensive silta-
tion will not be a factor, primarily considering the
sheltering offered by Isla del Cardon and the Peninsula
Castanones from littoral drift, and the fact that little
silt discharge comes from overland, and that which does
develop during the rainy season would tend to discharge
up north, in the arms of the various estuaries, rather
than at the main estuary. However, one problem that will
have to be resolved in this matter of maintaining a free
flushing action, along the existing marginal wharves and
their expansion, is the need to possibly open the silted~
up Paso Caballos, where the railroad bridge crosses onto
Corinto Island. This silted opening diminishes tidal
flow and flushing action to self-scour in front of the ex-

isting and extended wharves.

Land Topography

Cross—-section profiles have been surveyed throughout
the entire mangrove swamp area. The detailed results and
the final topographical map are included in the comprehen=

sive report of Engineering Investigationg/prepared by others.

In general, the swamp topography is quite flat, varying
from elevation zero MSL to a maximum height of about 1.0

meters. The most critical topographic elements in the en-
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tire swamp area are the two small tidal estuaries that dis-
charge at the southeastern side of the swamp, immediately
north of the developed harbor area, The Rio el Espino and
the Estero Palo Bonlto drain the south half of the island,
maintain fish and shell fish, and ser.e as a waterway for
entry into the swamp and Isla del Amor. The dpeth of the
water, at the entrances of both estuaries is about four me~
ters below mean sea level, extending inland to shallows of
very limited draft. From an ecological viewpoint, it would
be desirable not to disturb these two swamp estuaries. How-
ever, the demands for land are so strong that preservation
will not be possible; instead, these estuaries will have to
be "shifted" and allowed to flow through culverts, still

draining the central area of the island.

Maintaining these estuaries or at least the initial
swamp areas, will serve as a buffer zone between the port

and the remainder of the island.

It is questionable to what extent the swamp avea will
remain since the hydraulic filling operations will tend to
spew material over the area, thus tending to f£ill up the
swamp. Possibly, they may no longer remain as waterways
but rather as semifilled areas, with typical swamp vege-

tation-type growth but little open water.

Soil and Rock Conditions

A detailed program of soil borings and laboratory
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tests have been conducted over the entire mangrove swamp
area, in the waterways and on the opposlte shores, away
from Corinto. The purpose of this program was to (1) de-
termine the dpeth and extent of unsuitable soils for founda=-
tion support of reclaimed areas, (2) to locate sources of
suitable borrow fill material and (3) to tentatively es~
tablish designs of probable wharf structures to determine
the capital costs of construction for the economic cost

benefit ratio analysis by the Economist.,

A comprehensive report on the soill and rock conditions
is contained in the "Engineering Investigations," prepared
by others. Consequently, repetition will be avoided éxcept
to point out certain factors particularly significant with

respect to this Port Study.

The subsoil exploration program disclosed three impor-

tant facts that will influence port development:

1. Large quantities of good sand f£ill, close to the
port area, are not readily available, particularly
if the fill is also required for other than port
use. Consequently, every attempt must be made to

reduce the fill requirements.

2. The organic silt soil overlying the mangrove swamp
area is relatively thin, averaging only about 1 to

2 meters. Consequently, nc problems are anticipated :
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with subsoil settlement or stability as this
unsuitable material can be treated by dig-
placing, surcharging, or even excavating this

gtratum,

3. Rock and/or hard pan has been encountered at
relatively high elevations at the east central
portions of the swamp. See Figure H-13. Conse-
quently, port developwment must be planned to
eliminate or at best minimize costly rock dredg-
ing. This means that the deeper draft berths
should be located towa:*d the southerly end of
Corinto Island, adjacert to the existing devel=-
oped port. In addition, the wharf structures
must be designed to take into account the close
presence of rock, particularly as expansion pro-

ceeds to the north.

The matters of constructing over the existing swamp
s0ils have been reviewed in detail, in the "Engineering
Investigations” by others. But in general, the one-to-two
meters of organic silt overlying the sand, hard pan and rock
below are not extensive and it is only in the small swamp
estuaries that the thickness of this stratum is greater
than two meters. The organic silt is highly compressible,
génera;ly haVing a water content of abcut one hﬁndped per

cent and ranging up to as much as five hundréd per ceht.

However, for the shallow *hicknesses of organic gilt, the
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lineate the oxganic silt areas. Nevertheless, the borings
cored into rock for example, Boring No. 91, disclosed

that the rock is relatively hard, although in some areas
fractured, but is basically a fine grained igneous rock,
namely a basalt. It is an excellent foundation support
for any structure, provided it 1s not necessary to core
drill into it, which would be difficult because of the
hardness of the rock and slow progress. From thils view~
point, it is desirable to have an overburden on the rock
for fixity of any pile structure, or 1f a gravity struc-
ture is envisioned, to found it directly on the rock sur-
face, or on a layer of gravel blanket, crushed stone over-

lying the rock.

Earthguakes

Mindful of the disastrous earthquake at Managua, and
the tremors in the region of the Pacific Coast cf Nicaragua,

design against earthquake is of prime importance.

It is understood that the closest fault to Corinto
is approximately 57 km away and studies, made by others,
have indicated that with an epicenter about 200 km offshore,
the earthquake severity at Corinto could be 8.5 on the

Richter scale.

In terms of design for earthquake, there are basically‘,f

four items to be considered, namely:
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l. Surface faulting.
2. Horizontal and vertical movements.
3. Liquefaction of subsoils.

§. Tsunami hazard.

With respect to surface faulting, no particular design
can be evolved, other than to avoid the fault zone itself.
In order to establish the fault zones in Corinto, it would
require an extensive testing and boring program. Even then,
the ability to discover all faults is somewhat limited.
However, from the viewpoint of the Port itself, and the type
of facilities constructed, plus the past history of earth-
quakes at Corinto and the general knowledge as to where the
probable fault zones lie in the area, it appears that no par-
ticular concern should be felt for a surface fault intersect-
ing the port facilities. The fact is that if this did occur,
the damages are not severe in terms of loss of life, as the
port facilities are basically low-level structures with mini-
mum habitation or work force. The hazards at Corinto are
quite different and of a much lesser degree than having a
fault zone pass through a populated city with skyscrapers.
Consequently, since the Port of Corinto is where it is today,
and any expansion would be an extension of the existing fa-
cility and no knowledge is available of any intersecting
faults, consequently, all that can be done is to proceed with

the construction. In effect, the potential pcssibility of a
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fault zone will be ignored, but realizing that in designing
for earthquake forces there will be an inherent strength
built into the structures that to some extent will resist
faulting, but obviously not at the structure itself,

There is no intention to relocate the port or to embark on
an extensive program of locating potential underground fault

zones, within the harbor wharf area itself.

With respect to the movements, both horizontal and ver-
tical, occurring during eartﬁquakes, the structures must be
designed for these forces, particularly the lateral loads.
On this basis, the U.S.A. California Earthquake Code would
be used as a criteria for Class V Earthquake loading. 1In
final design, particular care will have to be paid to the
details of connections of vertical and horizontal members
where they interconnect. Also, it is desirable for the
structures to be light in weight, rather than massive, so
as to minimize the effects of lateral load thrust caused by
earthquake motions. In short, all of the known factors in
designing against earthquakes will have to be incorporated

into the final designs.

Liquefaction is a phenomena that may occur in loose,
fine-grained sands. The shaking action of the earthquake
tends to compact the sand and in its attempt to ccmpact,

the sand particles try to settle in the voids, but since the
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voids are full with water; in effect ths load of the sand‘
is temporarily carried on the pore water. Without grain-
to-grain contact, there is a tendency for the entire lobse
sand mass to have an internal shear resistance approach-
ing zero, and the material then flows out as a liquefied
mass or slide. This has occurred in recent years at a
number of areas subjected to earthquakes, where loose,
fine-grained materials, throughly saturated in water, have
liquefied. 1In this respect, the situation at Corinto is
somewhat different in that the underlying sands, although
not compact aré in the lower range of medium compactness.
Consequently, their ability to liquefy is questionable.
Whereas, overlying the sands is the organic silt material
and this will not liquefy, due to its inherent shear
strength and cohesion, along with the fibrous root system
in the material. Finally, on top, will be placed hydraul-
ic sand which under normal circumstances would seem to be
an an "ideal material” to liquefy, except that much of
this fill will be above the permanent water table. In ad-
dition, the placement of hydraulic fill, with proper drain-
age, tends to compact such soils above their critical den~
sity. Lastly, it must be remembered that hard pan and ov
bedrock is relatively close below, and that there are no
extensive deep deposits of fine silty sands. Obviously.
the hard pan or bedrock will not liquefy. On this basis,
the matter of liquefaction at Corinto in terms of port de-

velopment, as a major hazard, is somewhat academic. It is
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visualized that all of the structurcs would be constructed,
elther as gravity or piled facilities bearing on the hard
pan and/or bodrock., On thig basis, the liquefaction would
not occur beneath the foundation, but instead could cccur
in the backfill ~ as an added thrust or pregssure on the
structure. fHowever, considoering the normal safety factors
and a knowledge that somathing of this nature may occur, it
is possible to design those sctructures, within practical
limits, to resist such temporary forces - particularly
since the quantitics and depths of soils susceptible to 1i-

quefaction are limited.

In conclusion then, with recpect to earthquakes, the
situation it that the Port of Corinto does exist and no
pProvisions can be made to protect those facilities which
already exist. UWhereas, any expansion of the port can be
designed using modern technology, taking into accocunt
earthquaike forces and being aware of the possibilities of
herizontal forces or liquefaction, the facllities can be

designed to resist these forces.

In any event, should such a disaster occur, relatively
speaking, the effects on the port facilities would be quite
minimal. The port facilities are low-rise structures, ba-
sically isolated, not inhabited and consequently, loss of
life and/or damage to property would be relatively minimal.

In short, the best will be made of an unfortunate aituation
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wherein the entire Pacific Coast of Nicaragua is subjected
to such forces and It 1s doubtful that any searching along
the coact would locate an arca wmore or legs suitable than
Corinto, from the viewpoint of earthquake safety. Such a
program would, of course, be outside the scope of this re-
port, since the purpose of this report is not to relocate
the Port of Corinto, but rather to take advantage of the
natural deep draft harbor and basic infrastructure to expand
the existing port, with due recognition of the potential

forces on new construction.
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VIII. Alternative Locations - Expansion

In analyzing the alternative possibilities for expand-
ing the existing and planned berths with three additional
container/general cargo wharves, plus providing space for
a potential fourth berth, a number of alternative loca-
tions were considered. The alternatives included sites
along the er‘ire perimeter of the Island of Corinto, ba=-
sins dredged into the interior of the Island, plus sites
on the opposite side of the main channelway, across from

the City of Corinto.

Numerous faiLtors were taken into account in evaluat-

ing the relative merits of one site versus another, such as:

1. Number of required additional berths.

2. Nature of cargo handled and storage needs.

3. Sizes of ships, tugs and auxiliaries.

4. Approach channels, turning baszins and anchorages.
5. Hydraulic conditions in the estuary.

6. Soil, rock and siltation conditions.

7. Winds, waves and shelter.

8. Existing ard planned infrastructure.

9. Ecology anil preservation of natural conditions.
10. Property ownership, boundaries and zoning.
11, Existing and potential future industries.

12, Separation of Port activities into specialized zones.

13, 1Initial capital cost versus future maintenance costs.



Many locations can be rejected immediately for ob-
vious reasons, without detailed analysis. However, for
purposas of record and to illustrate the principles, the
following discussion will cover even some of the obvious-

ly unsuitable gites.

The locations of the various alternative sites that
have been considered for expansion of container/general.
cargo wharves, up to the year 1995-200C are shown on Fig-
ure H-14. Each will be described in some detail, but
briefly summarized in location and concept, they are as

follows:

A. North West End of Corinto Island - a breakwater
enclosed harbor to take advantage of a natural
deep water approach for ships, with shallow swamp

deposits on shore.

B. South End of Corinto Island - take advantage of
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open land areas on shore, shallow offshore depths,

but close proximity to the main deep channel.

C. Extend Existing facilities at SE End - remove the
tank farm complex and permit more orderly expan-

siorn of marginal wharves to the north.

. Internal Basin North of Existing Facilities -~
take advantage of shelter and greater depths te

rock.



50

E. Northeast End of Corinto - on the Estero El1 Reale~
jo progressing with wharves toward the south,
thereby separating the exicting from the necw fa-
cilties and decreasing the road congestion with

direct outlet to the main road on Corinto.

F. Northeast Pilot Fill Arca-taking advantage of the
existence of an already filled area and ease of

filling adjacent shallow swamp areas.

G. East Side of Estero E1l1 Realejo - on the east bank
north of Estero Esparta, considering the close
proximity to a future bridge connecting Corinto

with the mainland.

H. 1Isla El Granadillo - relocate on the opposite side
of the estuary to separate liguid cargo and dang-
erous cargoes and provide for ultimate expansion

of port facilities, bypassing the Island of Corinto.

I. Isla Encantada-opposite the existing Port of Corin-
to on the east bank of Estero El Realejo, again
separating the facilities with direct connection to
the mainland without the congestion of traversing

the Island of Corinto.

The studies of the various alternative sites ;ead to the
recommendation that the area immediately north of the Liquid

Cargo Pier, namely Site C, be developed for future expansion
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of container and general cargo wharves. This means that the
existing miscellancous facilities and their tank farm will
have to bec dcmoliched and moved. On this basis, comparibon
can be nade with the recommznded site as the various alter-

native locations are now discussed.

North West End of Corinto Island

An interesting possibility is to develop a completely
new port facility at the north end of Corinto Island, on
the west side. Since this 1s the exposed Pacific Ocean side,
a new breakwater enclosed harbor would be required (Site A,

Figure H-14).

Consideration of constructing a new harbor on this ex~
posed side of the island developed because of the following
reasons:

1. The 10 meter water depth contour is 3.5 Km offshore
of the City of Corinto, but approaches to within
only 1.5 Km at the north end of the Island. Since
practically 2.0 ¥m of main channel will have to be
dredged and maintained off Isla del Cardon, it is
apparent that constructing a new harbor at the
northwest end would place it in naturally cdeep wa-

ter with no or very little maintenance dredging.

2. The ship approach to this new harbor would be
easier and could be specifically designed to take
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into account winds and waves, compared to the more
difficult course for a ship entering tho existing
and planncd channelways, contending with winds,

waves, plus turns and tidal currentg,

The shore line at the northwest end of the island
is subject to wave erosion. Maintenance and re-
pair will be needed but constructing a breakwater

protected harbor would also protect the shore 1line.

The basic infrastructure already exists, with wa-
ter, electric power, highway and railroad, It is
reported that a new bridge will be required to
handle the future 40 foot containers, This af-
fords the opportunity to construct a new bridge

toe also support a railroad bypass, using the ex-
isting railroad bridge ‘and line as a siding to
service the new port. It would therefore not be
necessary for the additional traffic to go into
the City of Corinto, thus minimizing the potential

for increased congestion,

The open mangrove Swamp area at the north end is
relatively high in elevation and containg only a
one meter layer of organic silt. This land area
could be easily developed for port related indusg-
tries, Although the land borings showed fock rel=-
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atively close to the surface, it is believed that
further offshore the rock would dip down thus elim-

inating or minimizing any rock dredging,

On the basis of the above, there appears to bo gsome
merit to constructing a new harbor at the extreme north
west end of Corinto Island. The main disadvantage is that
construction of a breakwater would be expensive and time con-
suming. Also, any future expansion, beyond the assumed four
berths, would be costly, unless the original breakwater en~
closure is sufficiently large to accommodate all reasonable
eventualities. However, this becomes somewhat impractical
for staged funding since even the first berth expansion can
not be developed without first constructing the entire
breakwater complex. The initial financial burden is dis-
proportionate, although all subsequent berth construction

would be relatively economical.

South End of Corinto Island

The extreme south end of Corinto Island, immediately
west of the Banana Pier, offers possibilities for develop-
ment of additional container and general cargo wharves for

the following reasons (Site B, Figure H-14):

l. A considerable portion of the existing shore area

is open and possibly available for storage.
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2. Advantage could be taken of the shallow offshore
waters to fill out and thus develop sufficient
land area to properly sustain an efficient opera-
tion, combined with the existing open onshore

storage areas,

3. The site is immediately adjacent to the natural

deep water channel.

4. Spoil from the channel dredging could be readily
pumped onto this area, without unduly interfer-
ing with other port operations. The distances

from the channel dredging are relatively short.,

5. Ship navigation would be simplified because of
the easy approach and no interference with the

existing wharf facilities.

The disadvantage of this site is that unless a closure
were made at Boca Falsa, between Isla El Cardon and the
peninsula, wave action on some occasions could be too se~
vere at the new berths. 1In fact, a short breakwater spur
at the west end of the new development, extending in a
southerly direction, would probably be required for pro-
tection against waves refracting over Sawyer Bank. Another
disadvantage is that a development at the south tip of the

island would seriously add to the congestion in the city.
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However, from the viewpoint of this port study, re-
lated to land reclamation of the “ungrove swamp areas,
this gsouth location would not fulfull the requircements
since no twamp reclamation would be involved. The study
would hNecessarily deal with developing a new port expansion

area,

Extend Existing Facilities at Southeast Eng

Expansion of container and general cargo wharves, at
the sacrifice of existing facilities at the southeast end
of Corinto Island, has already been discussed to some ex-
tent in "Section 1V Immediate Proposed Port Expansion,"

However, ignoring details of berth alignments, etc., the’

the planned Liquid Cargo Pier are as follows (Site C, Fig-

ure H-14):

l. Expansion of wharf facilitiesg cannot be achieved
except at the expense of demolishing the existing
miscellaneous waterfront facilitiesg and moving

the tank farm.

2. Some disruption to normal port traffic will occur
as well as phasing of the infrastructure ang @X=-

panded facilities.

3. Although expansion on the existing tank farm area
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is not necessarily related to land reclamation
of the mangrove swamp, the fact remaing that
reclamation will still be required for the tank
farm to be relocated further westward towzrds
Isla del Bmor. Such demolition would occur
around 1984-85 when the first phase of port ex=-
pansion begins, after the new container pier
Presently under construction has fulfilled its

use with respect to its capacity.

It is, however, from the viewpoint of long~-range
Planning, highly desirable to continue expansion in an
orderly, progressive, northward direction from the exisgt-
ing port facilities. Very little is gained in the long
run by attempting to preserve the existing antiquated wa~
terfront facilities and badly congested old warehouse fa-
cilities, However, this can only be done with the realiza-
tion that the tark farm must be moved and that additional
land must be taken from the City so as to develop an ade-~
quare hinterland for port development. It is understood
that these changes are pPractical and possible. Consequent-

ly, the relocation to Site C is recommended.

Although consideration was given to relocating the
tank farm facilities on the opposite side of the estuary

at, say, Isla El Granadillo. However, the lack of infra-
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structure and the scheduling of the expansion of the City
and the Port itself are such that this becomes impractica-
ble, particularly since the Liquid cargo Piler is a fait
accompli. Obviously, use must be made of the pier now
under construction and since its use is directly related
to the presence of a nearby tank farm, the planning is

constrained.

Internal Basin North of Existing Facilities

An area for potential expansion of the Port is to
construct berths leading into the interior of the man-~
grove swamp, immediately north of the tank farm and shrimp
boat pier. This would avoid the high rock areas further
to the north, where extensive rock dredging may be re-
quired. The general plan for an internal basin would be
to dredge out the small tidal estuaries, having a west-
northwest alignment, for ease of ship approach and depar-
ture from the main estuary, as shown as Site D on Figure
H-14. The relative advantage of this arrangement would

be as follows:

1., Less demand for fill since some swamp is converted

into a waterway and the deeper sections in the
beds of the two small tidal estuaries are not

filled.
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2. The rock ig deeper in thig area, about 14 to 15
meters below mean sea level, thereby economical -~

ly accomnodating deeper draft vegssels,

3. Future maintenance dredging may be minimized,
The main channel estuary would not have to be
dredged further north. But thig may be counter-
balanceqg by the creation of a "dead pocket"
berth, where silt laden waters would discharge

sediment,

A disadvantage of this "internal basin" is that tug
service would be required for all approaches and departures.
Furthermors, jt may not be possible to enter or leave the
basin under ail tidal current conditions for a broad side
turn. It woulg be necessary to wait for tidal currents to

slacken. 1t is appreciated that mig channel turns are now

tions, but if the ship drifts during the turn, no harm re-
sults, However, in the future, with long container ships
attempting to approach a fixed basin with a broadside turn,

this is a more difficult maneuver.

The over-riding disadvantage is that the intrusion of
this basin into the interior of the Swamp along with itg

filled areas, connecting roads, railroad, etc, efféctively



cuts off the south end of Corinto Island from northward
growth. In addition, drainage conditions would be diffi?
cult around the vicinity of Isla del Amor. Consid-
ering all of these factors, the "internal basin" 1s not
an optimum scheae for land reclamation and expansion of

port facilities,

Northeast End of Corinto

An obvious area for future port expansion is along
the east side of Corinto Island on the estuary immediate-
ly north of the existing storage tank farm and shrimp
boat pier. It is a natural expansion of the existing fa-
cilities (Site E of Figure H-14). At this location, the
expansion would generally proceed from north toward the
south, towards the existing port facilities. TIn effect,
the two port areas, that which exists and the future,
would be separated with their own infrastructure and main

roads leading to the main highway at Corinto.

Some of the major advantages of this location are as

follows:

l. Adequate hinterland can be developed for effici-
ent port operations (+ransit sheds, warehouses
and port related industries) simply by reclaim-

ing the necessary swamp area.
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New construction would not interfore with exist-

ing port operations.

Suitable £i1l1 feor land reclamation is readily
available from dredging the main channel adja~

cent to the proposed new port areca.

The new wharves, having a north=-south orientation,
would be parallel to the tidal currents, thus sim-

plifying ship approach and departure.

The natural channel in the adjacent estuary is
supposedly relatively stable, oppposite the pro-
posed expansion area. Maintenance dredging would
be minimized. It must be realized, however, that
dredging to a greater depth may change the tidal

prism and cause increased siltation.

Accordingly, southward expansion of the Port along the

estuary seems a logical extension. However, there are ma-

jor disadvantages. The first is the separation of the Port

into two distinct areas with basically two administrative

areas, relatively poor liaison and the inability to effici~

ently utilize equipment along a straight continuous wharg.

The other disadvantage is that at this noxrtherly loca-

tion the rock increases in elevation and no doubt ‘is even

higher than disclosed by the few borings made in the area.
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Consequently, it can be anticipated that some hard igneous,
basalt rock dredqging may be required. This would be expen-
sive and would realistically limit ship size zo as to mini-
mize dredging requiremonts. Consecquently development at
this northerly end (Site E, Figure H-4) should be restricted
to shallower draft vessels and facilities vhich should gen-
erally be isolated from the remainder of the Port. For ex-
ample, an indepdent, self-sustained fertilizer plant, or re~
location of the shrimp boat facilities would be a logical

location for Site E.

North East Pilot Fill Area

Another alternative location for port expansion on the
Island of Corinto is at the northeast side, somewhat east
of the pilot fill. This area is of general interest as it
bypasses both the thicker swamp deposits and the more de-~
veloped areas of the Island. 1In addition, connecting high-
way and railroad alignments would be simplified. Unfortu-
nately, this area has three natural disadvantages which in-
terfere with its use for container and general cargo expan-

sion (fite F, Figure H-14).

l. Rock rises to as high as 2 meters below mean sea
level along the shore and 8 meters (MSL) in the
estuary. Costly rock dredging would be faquired

as area for expansion with sufficient water depth
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becomes limited, as expansion proceeds eastward.

2. Judging from the relatively shallower depth of
the estuary, there ig a tendency to silt in thig

area; requiring more maintenance dredging,

3. The natural channelway is relatively narrow and

widening would be necessary for ship turn around,

On the basis of the above, the areas adjacent to and
east of the Pilot Fill present no particular net advantage.
Development of thig area is questionable ag the existing
pilot f£fill itself is too small to influence overall future

port development.

The existing pilot fi11l area, as indicated on Figure
H-14, is presently being used by the contractor construct-
ing the new Container Wharf and the Liquid cargo Pier. 1t
is therefore not readily available, However, since construc-
tion of the first additional general cargo/container wharf
is scheduled for around 1985, it is obvious that by that
time this area would be abandoned by the present contractor
and be available for development as a new wharf area. How~
ever, it is quite éoubtful that in the interim period thig
pilot £i1l would not be developed for other uses, once the
present contractor moves off the site. 1In any event, the
three major disadvantages stated avove preclude its uge or
consideration as a viable site for Port development, pare

ticularly since the overall masterplanning for the eatiﬁa_
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City of Corinto and the surrounding areas envipion a
bridge connecting Corinto to the mainland, couth of thisg
pllot fi11, Conscquently, ro further consideration
should be given to the pllot f£il1l area, as a viable loca-
tion for development of any major Port facility.

East Side of Estero El Realejo - Sites G, H and T (Fig~
ure H=14)

The east side of the estuary, opposite the existing
facilities at Corinto, offers interesting alternatives
as it is envisioned that eventually Corinto Harbor will
encompass both banks of the estuary, particularly when
a connecting bridge is constructed onto the mainland, head-

ing toward Puerto Esparta.

The advantage of developing the east bank is to mini-.
mize rock dredging, which seems to shallow towards the
north, thereby acconmodating larger vessels of deeper draft
and utilizing both sides of a dredged and maintained chan-

nel.

A further advantage of developing the east side of the
estuary iz the relatively short distance to Puerto Esparta
and the highway system to the east, without traversing the
circumferential route through Chinandega. The congested

Corinto Island would, in effect, be bypassed.

The disadvantages at this time are, however, sgmewhat*
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once the Port and City outgrow the narrow confines of the
Island and a connecting bridge is constructed with the
necessary infrastructurc. It ig premature to expect con-
struction to proceed on the east bank at this time - but

the area must be reserved for such future use.
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IX. Recommended Expansion

Recommendations are given herein for the future ex-
pansion of container and general cargo wharves and other
facilities at Corinto. The basic assumptions on which

the recommendations are made are listed below:

Assumptions

The recommended layout for future expansion of the

Port of Corinto is baced on the following assumptions:

l. The presently pPlanned container wharf at the site
of the existing 01d Timber Deck Pier, plus the
new Liquid Cargo Tier will be constructed as
pPlanned (within the next three or four years).
They will exist before the recommended addition-

al facilities are constructed.

2. "Boca Falsa" will not be closed and a breakwater
will not be constructed across Sawyer Bank to

control littoral drift and tidal currents.

3. The existing Banana Pier and the planned Liquid
Cargo Pier will be capable of handling all bana~
na and liquid cargqgo exports-imports until the
year 1995. Accordingly, only expansion of con-
tainer and general cargo facilities 1s needed

within the 20 year study period.
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The existing and presently planned container
and general cargo facilities will be capable
of handling 1,400,000 RT per year, compared to
a projected tonnage of 2,233,000 RT in year
1995, Accordingly, to accommodate the deficit
of 833,000 RT at the average yearly rate of
500,000 to 600,000 RT per berth, two new berths
will be required by the year 1995, with three
berths needed after 1997, plus area set aside
(zoned) for a future fourth berth. Planning
for future expansion will, therefore, be based
on a minimum of four additional container and

general cargo berths.

The port will have first priority on land usage,
even to the extent of forcing aside urban city
development and its normal amenities. The "Port"

comes first.

Obtaining land for Port use by demolishing ad-
jacent city blocks can be accomplished from an
economic, legal and social viewpoint to create

new land for the Port.

The existing tank farm with its joint ownerships

and rentals can be demolished and relocated.
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8. The layer of organic silt in the swamp areas
is relatively thin with bedrock generally
rising to the north along Estero El Realejo,
with sufficient sand available to reclaim

land for Port use.

9. The work can proceed in an ecologically ac-

ceptable manner.

10. The master plan can be developed so that the
Port has sufficient room for expansion even
beyond the needs of 1995, with natural bar-
riers between the Port and the remainder of
the city and the ability, with new road
systems, to bypass the congestion of the city
and provide access for workmen servicing the

the Port.

11. In the future, a connecting bridge will be
constructed across the Estero El Realejo,
connecting the Island of Corinto with the
east bank of the river, with all of the
necessary infrastructure and highway system,

heading toward Porto Esparta and the mainland.

On the basis of the above, the Port Studies and recom-

mendations can proceed.
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Selected Site for Port Use

The recommended site for expansion and construction of
additional container and general cargo wharves is on the east
side of Corinto Island along the Estero E1 Realejo immediatel:
north of the Liquid Cargo Pier, presently under construction
The expansion would Priceed in a northward direction removing
and relocating the existing tank farm and the miscellaneous
boat and shrimp pier facilities in front. This area is gen-
erally indicated as Site C on Figure H-14 and is shown in

more detail on Figure H-15.

The relative advantages and disadvantages of the vari-
ous alternative sites have been pPreviously discussed. Con-
sequently for the remainder of this Report, the overall ex-~

pansion shown on Figure H-15 will be detailed.

On Drawing H-16 is shown the ultimate expansion con-
templated, encompassing both sides of the Estuary. The
specific details will vary in the future as the Port de-~
velops and also as additional detailed information such
as borings, seismic surveys, etc., are obtained. 1In ad-
dition, depending on the type of industries locating on the
east side of the Estuary, the connecting infrastructure to
the mainland will, to a large extent, establish the details

of the overall layout. 1In any event, it must be kept in mind
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that ultimate expansion will proceed onto the east side of
the Estuary and this area must be preserved for such develop~

ment.

One important consideration of the large-scale ulti-
mate development is the potential changes in the tidal prism
of the harbor, caused by dredging of new turning basins,
which may minimize the self-scouring tidal action and thus
require more frequent and additional maintenance dredging.
This is a study far beyond the scope of this Report. It
would entail model testing and detailed field readings, etc.
It is believed, however, that the siltation problem will
not be serious for the reasons enumerated previously and if
there is additional maintenance other means could be employed
to check some of the silt load upstream, preventing it from
discharging into the main estuary. Also, with increased
harbor development, the relative costs 6f maintenance dredge-
ing at more frequent intervals would still be minimal in terms

of overall economies.

Dimensions of a Typical Berth

The layout of the berths would be basically linear in
a north-south direction along the estuary generally as shown
on Drawing H-17. Each berth would be 260 meters long, which
is a realistic length for a 25,000 DWT container ship, having

a draft of about 10 meters and a length of about 220 meters.
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On this basis, the layouts proceeded with 260-.4eter~-long-
berths, having a depta of 13.33 meters alongside at MsL,
allowing for 2 meters keel clearance at MLW. This depth
corresponds ta the depth presently planned for the 240 -
meter-long Container Wharf to be constructed at the site
of the old Timber Deck Pier, immediately south of the new

Liquid Cargo Pier.

The 260 meter length is highly desirable for ease
of ship approach and departure, while adjacent berths are
occupied. Also, the longer berth can safely accommodate
the occasional longer container ships having approximately
the same draft. For example, the very large container ship
“Sealand Galloway" of 27,650 DWT has a length of 287 meters,
a beam of 32 meters but a draft of only 10.4 meters. Even
this ship could be accommodated on the assumption that ad-
jacent berths were occupied with smaller vessels. The im-
portant point is that although container ships are becoming
longer and broader, their draft is deliberately being main-
tained at around 10 meters so they can enter most harbors

without restriction.

A longer berth is desirable in terms of ease of con-
tainer and general cargo handling, and also for standby space

and marshalling of equipment.

Furthermore, for Corinto where export and import ton=-

hages practically balance, separate transit sheds will be
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required for exports and imports. A longer berth with sheds

side by side is a proper layout for this type of operation.

Accordingly, the typical future container and general
cargo berth will be 260 meters long with a dredged depth of

13.33 meters MsSL.

Phasing of Berth Construction

To handle the increased container and general cargo
tonnages of the future, Figure H-8 shows the necessary phas-

ing of berth construction, summarized as follows:

1st Berth completed in year 1985

2nd Berth completed in year 1991

3rd Berth completed in year 1997

4th Berth zoned for future needs after year 2000

Figure H-8 also shows that for an individual berth to
be completed "on schedule," the design and construction must
commence about 3 years earlier and obviously, the financial
planning must commence even sooner. On this basis, it would
seem that the "processing" for the first additional berth
will have to start in about 5 years, only a couple of years
after the presently planned container wharf is completed.
Time will pass quickly. Temporary "setbacks" in economic
growth or cargo tonnages should not be misinterpréted and

allowed to delay construction.
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Drawing H-17 shows the overall layout of the initial
three berths (year 1997) and their phasing with particular
emphasis on the fact that additional land is required north
of an individual berth, during Phases I and 1I, to accommodate

the curve in the railroad track.

Location of Phased Construction

The recommended location for phased construction, as
previously described and eénumerated, is a continuation north-
ward from the existing Liquid Cargo Pier, presently under
construction. This means that the tank farm and the Miscel-
laneous Small Facilities in front of the tank farm will all

have to be relocated.

This northerly progression is considered to be a logi-
cal and realistic expandion of the Port, maintaining the same
basic infrastructure, facilities, administration, etc., with
the understanding that additional land will be obtained from
the city by demolition of a row of city blocks as well as
relocating the tank farm itself. Once these fundamental
decisions are made, in the long run, the orderly expansion
toward the north is best suited for reasons stated as well as
resulting in minimum disruption to the hydraulics of the
tidal prism in the estuary, interfering with its normal
self-cleansingaction, scouring silt and sand and méintaining

@ natural channelway.
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Required Land Area

A modern container berth requires a minimum of 8
hectares of land but preferably 12 hectares. With a large
Swanmp area available for development, there is a temptation
to use a greater area, but realistically it is anticipated
that joint container/general cargo facilities will develop
and, consequently, taking into account all factors, a com-
promise area of about 10 hectares per berth is recommended.
Specifically, for a 260 meter-long wharf the hinterland

should extend back about 400 meters, as shown on Figure H-15.

In addition, port-related industries will develop in
the general berth area. This will include warehousing,
marshalling yards, manufacturing, etc. It is difficult to
predict the area needs fbr port-related industries, but it
is reasonable to assume, based on the experience of other
ports, that an area approximately equivalent to the berth
area itself will be required. Consequently, the overall
master plan for the development of the Island of Corinto
takes into account such port-related industries and sets
aside zones equivalent in area for port-related use.

The specific layout and orientations can best be seen on

plans proposed by the Urban Planner, in a separate report,
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. Required Water Areas

A balance will have to be developed between dredging

and filling, taking into account such factors as:
1. Required filled land areas (hectares).

2. Phasing of filling operations, scheduled

with future construction.

3. Needs for channels, turning basinsg, and

anchorages.

_‘ih%«presently planned channel to be dredged around the
south end of Ccrinto Island is to have a width of 90 meters.
This is too narrow for two-way ship traffic, which will cer-
éginly develop when the future additional container and gen-
eral cargu wharves are constructed. The straight-run chan-

nel widths will have to be increased to about 150 neters.

The presently planned turning basin of 310 meters width,
in front of the Container Wharf to be constructed at the site
of the existing 014 Timber Deck Pier, is too narrow. It should
be about 400 meters wide for safety of ship turn, unless two
tugs are used for assistance. Otherwise, the ebb current is
too strong to accommodate the turn and tidal drift of a large

container ship.
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The future expansion of container and general cargo
wharves along the Estero El Realejo, as a continuation north
of the Liquid Cargo Pier, will require staged dredging to
correspond to development of the berths, as shown on Drawing

H-17.

The future expansion consists of a series of 400 meter-
wide turning basins, in front of the individual wharves.
Berth No. 2 expansion in 1991 does not have the full 400 meter
width, as for this northernmost berth it would be possible
with tug assistance for the vessel to enter and depart with-
out a full turning basin width. However, once Berth No. 3
expansion is constructed in 1997, the maneuvering becomes
too complicated, and at that time the full 400 meter width

is necessary.

The presently planned facilities, namely, the Container
Wharf and Liquid Cargo Pier plus the future expansion along
the Estuary means that more ships will be calling at Corinto.
Paradoxically, although additional berths will exist, there
will be a tendency for more vessels to "bunch," because the
number of berths will be insufficient to handle peak through-
put and random ship arrivals. Accordingly, some deep water
areas will have to be reserved for ship anchorages, and this
could best be accomplished southeast of the existing Corinto

port.



The above minimum water area requirements have been
coordinated with the soils and dredging studies. A suf-
ficient quantity of acceptable sand £ill material is avail-
able for the port construction, plus a surplus which could
be utilized for swamp reclamation for housing, commercial

use, etc.

Dredging and Filling

The soil borings and laboratory tests, discussed in
the "Engineering Investigations" phase of the overall study,
prepared by others, were performed to locate suitable sources
of fill and to establish settlements and stability of the re-
claimed area. The overall land reclamation project, including
those aspects dealing with Urban Development, have been co-

ordinated with respect to dredging and filling in terms of:

1. Locating sources of satisfactory fill materials

meeting specified gradation criteria.
2. Sequence of filling operations considering:

a. Material available from planned channel
dredging and construction of the new

Container Wharf and new Liquid Cargo Pier.

b. Materials obtained from future maintenance

~ dredging.
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3. Minimize interference with existing facilities
and operations. This includes protecting the

city, its utilities, etc.

4. Coordinate filling with method(s) used for or-
ganic silt stabilization ~ such as displacement,
surcharging and excavation removal. Alithough
it has been concluded that filling and sur-
charging will be basically used, except for

excavation at selected critical structures.

5. Establish priorities of areas to be filled first
because the land must be available at an early
date or the underlying compressible organic silt

must be surcharged for a longer period of time.

6. Locate disposal areas for unsatisfactory mater-
ials, not suitable for fill. Although, the
intent is to underdredge and mix any fine grained

material with coarser sands.

It is obvious from the above that dredging and filling
is a complicated planning procedure requiring careful co-

ordination to gain maximum benefit.

In general, dredging in the calm waters can be done with
a trailer-suction dredge, having a cutter head; whereas, the-

dredging of the main channelways, where wave action is more



severe, and pipelines cannot be utilized, a hopper dredge

is required.

The dredging would generally proceed on a six-day,
tweity hour per day schedule. The contractor would be
responsible for constructing onchore, dikes, baffle boards,
and then bulldoze additional dikes to retain the £ill, and
prevent fines from washing out into the Estuary. Stock-
pPiles would be created for later distribution and/or

surcharging.

In terms of the pumping rate, the availabe capacities
and power of the dredges must be considered, but basically
materials can be pumped about 1500 to 2000 meters before

booster pumps are required.

In any evaluation of the use of dredye material for
£fill, the shrinkage factor must be considered and this has
been established by the soils engineer at about twenty-£five
percent, taking into account not only washout but some

settlement of the underlying silt.

Drainage provisions must be made for the hydraulic
fill, not only to stabilize it, but to prevent inundation

of the surrounding built-up city areas.

The mangrove growth must be removed, prior to the

filling operations so as to obtain a uniform flow of fill

79
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throughout the area, and a uniform surcharge without the
interference of the mangroves. Cutting and stripping of the

mangrove is an added expense.

Fill, for port development, will b: obtained primarily
from dredging the channel and turning basin in front of the
berth to be constructed. Conseguently, since this work will,
to some extent, proceed simultaneously with the construction
of the berth structure itself; there won't be a long "season-
ing period" for settlement of the organic silt, wherever it
is allowed to remain in place. On this basis, stockpiling
of material would be accomplished for distribution and re-
grading, as settlements occur. If possible, the stockpile
would be located at the site of future buildings or rigid
pavements, so as to minimize future settlements. The final
paving and/or construction of buildings would be accom-
plished last, after must settlement has occurred, since the

primary consolidation is expected to occur within one year.

The ecolcgical aspects of dreaging and filling are
discussed by the Ecologist in a separate report and coordin-
ated with the extent and sequence cf dredging and filling
required for both Port use and land reclamation. The main
problems: will be disposal of unsuitable materials, changes
in hydrolegy as a result of dredging, stirring up of silt and

controlling hydraulic dredging outwash. The ecology will be
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changed by dredging and filling of the mangrove swamp. How-
ever,the mangroves at Corinto are not of a type that should
necessarily be preserved. They represent second-stage scrub
growth.. Careful control will minimize the ecological impact
but obviously, the major impact of filling over a swamp can-
not be avoided, once a decision is made to fill. It can only
be stated that the total area to be filled s relatively small,
compared to remaining swamplands along the Nicaraguan Coast.
Land reclamation in the country has not advanced to a stage
where the filling of the swamp at Corinto pouses a serious
threat to ecology. Other needs such as the development of

the Port, the City, and jobs have a higher priority.

The effects of siltation in the estuary, as a result
of the dredging operations, will be shortlived. The effects
on sea life will be discussed by the Ecologist. However,
it would be highly desirable to monitor the present dredging
program for the new Container Wharf and Liquid Cargo Pier,
to determine the effects and turbidity created. By this form
of monitoring and study, recommendations can evolve for
future work to minimize the ecological impact. It is believed
however, that scum plumes and silt-laden water will generally
follow the estuary channel currents and not spread out over
the entire area. To some extent, the effects of siltation

will thus be lessened.



82

Dredging - Force Acccunt vs Competitive Bidding

An evaluation has been made of the relative merits of
the Port Authority owning and operating its own dredge versus
having the dredging accomplished by outside contractors on a
competitive bid basis. It is concluded that the present
volumes of dredging envisioned at the Port of Corinto, the time
scheduling for new port expansion, and the dredging needs at
other harbors in Nicaragua, are all not of sufficient magni-
tude to economically maintain and operate a dredge. Consider-
ing that a dredging program is presently underway at the
Port of Corinto, it will not be until 1984 that additional
dredging will be required for port development. It is, there-
fore, recommended that the Port Authority not purchase a dredge
but review the entire matter, later in the early 1980'z,
when possibly other developments may arise, so that the volume
of dredging is sufficient and sustained over a long period of
time to justify the initial capital expenditures, maintenance

and operating costs.

In analyzing the situation, the details of costs and
volume production are contained in a separate Appendix, but
the purchase of a dredge must be considered in terms of a
viable loan application for either port development and/or
land reclamation. 1In this connection, there are tﬁree

alternatives possible:
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Prepare plans and specifications and obtain
competitive bids for dredging, as and when

required.

Upon completion of the present dredging contract
for the new marginal Container Wharf and Liquid
Cargo Pier, purchase the present Dixie dredge

and continue its use with Port Authority personnel.

Purchase a new dredge to be operated and maintained
by Port Authority personnel for the development
of new projects and maintenance dredging ir

Nicaragua.

The relative advantages of the Port Authority owning

its own dredge are ohvious and would result in flexibility

in Port Authority operations, particularly if the dredge is

assigned to and used for any and all port developments and

port maintenance programs in Nicaragua. The dredge could not

be economically assigned to a single port. Some of the ad-

vantages that would accrue are as follows:

l.

The Government would not be subjected to problems

of international emergencies which would raise

the costs of dredging and in fact make dredges

unavailable at times. For example, during the
Korean and Viet Nam conflicts, dredges were not

readily availzble on the international movket.
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Channels could be maintained as required,
distributing the fill wherever desired, with
the flexibility of not negotiating changes

with an independent contractor.

The contingency factor in dredge bidding would
be removed and consequently result in lower

cost.

The profit factor would also be removed and

correspondingly result in lower cost.

The concern about interfering with ship schedules
would be iminized in that there would be no
penalties accrued for delays in dredging to

accommodate shipping.

The market fluctuations in dredge availability
would be minimized and the dredge would be on
hand to work when and where needed without the
bureaucratic delays of obtaining bids and requir-

ing all detailed technical information.

Mobilization costs would be reduced in that the
dredge would at least be in Nicaraguan waters
rather than having to be brought from overseas

for a specific project.
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All of the above advantages, however, infer that the
dredge is operating full time, usually at two shifts a déy,
20 hours, and 6 days a week. This is the competitive basis
on which commercial dredges operate. If the dredge cannot
operate over continuous, sustained periods with the crew
gainfully occupied in production, rather than in standby
and maintenance, the costs of dredging prorated over years
of service for the quantities of material removed, would be

very high.

The analysis contained in the Appendix shows that at
present, with the dredging programs visualized in the im-
mediate future, it is not economically feasible for the
Government to enter into the dredging business. The situation
is that all major dredging at Corinto will basically be com-
pleted under the present dredging contract now underway.

No further dredging will be required for channel maintenance
until, say, at least five years from now and certainly no
dredging will be required for port expansion until about ten
years from now. Consequently, the requirements at Corinto

are limited. If it were intended, however, to continue with

a land reclamation project, then the cost of filling the land
make reclamation unecoromical, for the cost of dredging to
obtain fill is too high. 1In short, the land reclamation pro-
ject itself is economically viable only because “sﬁrplus" £ill

is obtained at a relatively low price, as a byproduct from
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essential port development, such as dredging of channels

and turning basins.

The dredging requirements at the other ports are
relatively limited and also progress in stages with relatively
long intervals between, when no dredging service is required.
In fact, the quantities to be dredged at the other ports are
relatively small in comparison to the overall projections

for the enlargement and expansion of Corinto.

Another factor to be considered is that no one single
type of dredge can efficiently operate at all ports under
all conditions. Although the types of material to be removed
are generally the same and the depth t6 which dredging is to
Proceed is deepest at Corinto, nevertheless, there are dif-
ferent degrees of exposure of the dredge to wind and wave
action. Consequently, a cutterhead suction dredge can operate
efficiently with its strung-out pipelines in the relatively
calm and sheltered waters of the Port of Corinto. However,
in the main channels beyond, where there is considerable wave
action, such a dredge can no longer operate efficiently or
safely. Consequently, a hooper dredge type is essential,
and for this reason contractors from the outside would have
to be brought in with their specialized equipment for the
deep water, exposed dredging. Since this would control the
use of the Port anyway it, therefore, becomes apparent that

all of the'advantages attributed to the Port Authority owning
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_i%s own dredge equipment do not prevail. Outside contractors

with competitive bidz and the normal delays, extras, etc.}
would still be a consideration with any expansion or main;

tenance program of any port in Nicaragua.

Since there are no large volumes of dredging to be
accomplished at a steady work flow, it becomes uneconomical
for the Government to purchase, operate and maintain its
own dredge. It is somewhat unfortunate, but the dredging
work load seems to consist of relatively medium to large
quantities to be dredged at a specific time, consistent with
the siltation of channels and/or expansicn of an individual
port. Purchasing the dredge now in operation at Corinto or
a new dredge is, therefore, not recommended at this time.
The situation should, however, be reviewed in the early
1980's to determine if the quantity and scheduling of dredging
has changed to such an extent that purchase and operation of

a dredge would be economically viable.

Infrastructure Requirements

In any port and/or land reclamation development, certain
minimum infrastructure must be provided to bring the site into
suitable condition for use. With respect to port use only,
the following is conéidered the minimum infrastructure neces-
sary, and is included as a part of the reclamation'cost for

port use only,
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Dredging of channels, turning basins and

anchorages.
Stabilizing and filling the port land to grade.

Constructing a bulkhead structure to retain the

land and provide sufficient water depth for ships.

Drain the filled land, basically with open ditches,
around the perimeter and catch basins, piping

and grated ditches in the interior.

Provide transportation to the reclaimed land in
the form of highways and railroad, including
marshalling yards. 1In this connection, the
regional plan of railroads and highways has been
considered by the Urban Developer for coordination

with port use.

Provide electric power assuming connection to the

national grid, rather than a separate power station

Provide telephone service, including an extension

of the present national system.

Provide fresh water for the port, both as port-
able water and fire. This is a problem  in that
now, when a ship takes on water at Corinto, the

city is without water for two days. Supposédly,
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the existing twelve-inch line will soon be
supplemented by a ten-inch line, ané much of

this problem will be alleviated. However, the
main trunk line along with the necegsary elevated
water towers, etc., are all required, as part of
the Urban Planning infrastructure, outside of

the limit of the port, but to which the port

connects,

9. Provide sanitary sewage system - with the port
again connecting to a new system, consisting
basically of package treatment plants providing
secondary treatment. The port is not responsible
for the overall capacities of these plants, but
rather for the connection outside the property

limit.

10. Provide garbage disposal, basically intermingled
with the City of Corinto, and supposedly dispt red

off the Island of Corinto as a land fill.

Other infrastructure, such as fendering, paving, transit
sheds, area lighting, etc., are not considered a part of the
land reclamation project and/or cost as related to port

development only.
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Personnel Required

Estimates are required of the personnel needed to oper-
ate and maintain the future container and general cargo berths.
These estimates guide the Urban Planners in establishing

housing and other infrastructure.

It is understood that the present facilities, namely,
from the Banana Pier to the 0ld Timber Deck Pier, require
about 300 pcrt personnel; plus about 1200 stevedores, etc.,
or a total of 1500 people working directly at the wharves.
This estimate does not include others, such as %ruck drivers
who are also working at the wharves, but are not a part of

the permanent scene.

Since the future expansion is located directly adjacent

to and north of the existing facilities and the new Liquid

- Cargo Pier, some personnel could duplicate their efforts,

thus not increasing the total employment proportional to the

increase in berths.

During construction, it is anticipated that there would
be an increase of about 300 people in Corinto; plus about
40 foreigners, making a total of 340 persons for whom housing

and other accommodations must be found.

It is further estimated that for the ultimate three

container and general cargo berths, the total port staff would
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increase from 300 to about 450 people; whereas, the stevedores
and others would double to 2600 persons, thus requiring d
total of 2,450 pecople working at the wharves in year 1995,
This takes into account and assuncs that a considerable pro-~
portion of cargo will consist of container traffic, with its

specialized requirements and transshipment activities.

Design of Facilities

Preliminary designs have been prepared of an approxi-
mate nature, to assist in developing cost cstimates and to
evaluate more realistically the conditions at Corinto, as
the port and facilities expand northward of the Liquid Cargo

Pier. The designs were based on the following:

1. The maximum "composite" ship will be 42,000 DWT
or 60,000 MT displacement with a draft of 1074
meters and a length of 290 meters. The ship will
approach the wharf at a speed of 20 centimeters
per second. Average ships will be smaller than
this length, and easily accommodated within the

260 meter length individual berth.

2. The water depth will be 13.33 meters below mean
sea level with the top of wharf at 2.5 meters

above mean sea level.
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The live load design will be 3.0 metric tons per
s8quare meter, plus conceantrated wheel loads of
cranes, forklift trucks, etc., and Coopers BE-50
Railroad. 9he container crane would operate on

its own, independent and supported gvoten.

The lateral cartl. uake force will be in arcordance
with seicmic Class V of the U.S.A. California
Code. Additional attention will be paid to
details to resist lateral loads, as well as poten-~
tial problems of liquefaction of the s0il, with

all structures founded on hard pan or bedrock.

Soil pressure will be determined by using unit
weights of 1.60 metric tons per cubic meter

above water; 0.65 metric tons per cubic meter
below water and a 30 degree angle of friction.

This will be verified by laboratory tests.

Bollard pulls will be 100 metric tons.

Designs will proceed using normals standards and codes

such as ACI, AIsc, ASTM, etc.

A typical cross-section through the wharf and the up-

land area, along with a general type of container crane are

all shown systematically on Drawing H-18. 1In detail, however,

consideration has been given to a number of alternative types
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of bulkheads, but based on experience and judgment, it was
considered that four types are particularly applicable.

These are as follows:
1. Steel sheet pile cells - Drawing H-19.
2. Reinforced concrete caissons - Drawing H=-20.
3. Steel pipe piles - Drawing H-21.
4. Prestressed concrete piles - Drawing H-22.

The steel sheet pile cells, schematically shown on
Drawing H-19, lend themselves to variations in the hard pan
or rock level, and its relatively close proximity to the
channel beottom. PBasically, steel sheet rile cells of the
circular type would be driven down tc rcck and filled with
hydraulic sand to develop a gravity-type structure. There
would be no difficulties in constructing such a bulkhead in
the relatively quiet waters of the estuary, where the currents
are strong but not unduly strong to prevent maintaining the
template in place. The container crane rails woculd be inde-
pendently supported on their own pile fourdation. The front
of the cells wculd be capped with a reinforced concrete cop-
ing bear, plus a rubber fendering system to resist ship impact.
In many respects, the sheet pile cell scheme ig a gocd solu-
tion tc the greblem for the site conditions; however, it was

not selected for final cost estimating nor is it recommended
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388 the basic design, primarily because of the need to import
extensive quantities of steel sheet piling and the fact that
raintenance costs in painting the sheeting, along with cath-
odic protection would be a perpetual expensa. Accordingly,
Drawing H-19 is presented schematically as a potential sclu-
tion, but not as one that is recommended from the overall

viewpoint of capital costs and maintenance costs.

The reinforced concrete caissons shown schematically
on Drawing H-20 are another gravity-type structure, taking
advantage of tke high-bearing capacity of the underlying hard
pan and bedrock. These caissons would be reinforced concrete
units cast at a central area, probably launched on a small
shipway, towed into position and sunk over a leveling bed
of gravel and crushed stone. 1In this instance, the container
rail would be supported partially on the reinforced concrete
caisson and partially on an independent pile fouhdation
for the rear leg. 1In evaluating this scheme, however, with
its advantage of permanency and minimal maintenance - its
constructicn has not been recommended nor priced. The main
reason is the relative difficulties in the tidal current of
leveling off the bed to receive the caissons, and the fact
that within the limits of Corinto, there are no areas readily
available where the caissons could be built and launched in
sufficiently deep water to be towed to the site. ﬁaunching

partial caissons and then building up the height with alip
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forms would be too expensive. Consequently, although this
is a relatively straightforward design, the conditions in
terms of currents and construction yard are not favorable for
its use. It is, however, a viable scheme which should be

considered.

Steel pipe piles supporting a relieving type platform,
with a riprap slope beneath, is the third scheme studied,
shown schematically on Drawing H-2l. The pipe piles were
selected for their relative lightweight handling and the
ability to cut off and splice to accommodate variations in the
hard pan and rock level. This structure is also lightweight
so that earthquake forces would be minimized and in addition,
there is direct support for the crare rail on the pile founda-
tion. Since the cranes are usually supported by some form of
pile foundation, this is merely an extension of such support.
However, in comparison with another scheme later suggested,
it is deemed that steel pipe piles should not be recommended,
primarily because of the need for maintenance of the steel.

An alternative possibility, however, is to drive the steel
pipe piles as sacrificial forms - with reinforcement placed
inside the steel pipe, and then tremie-pump grouted so as to
create a cast-in-place concrete pile and thus allow the outer
steel shell to corrode away. This is a potential alternative,
but was not seriously considered because of the cost of im-

porting the steel.
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The fourth scheme is a prestressed concrete pile
relieving-type platform shown schematically on Drawing H-22;
and basically the seme as the steel pipe pile with an under-
water riprap slope and the crane rails supported directly on
the platform. This scheme is recommended as an initial pric=-
ing for cost estimating purposes, since it is practical and
can be constructed at Corinto and is a permanent facility
with little maintenance. It is a relatively "light structure"
so that the earthquake loadings would not he severe, but yet
sufficiently rigid with the piles extending down to bedrock,
and enough deadweight to prevent any uplift, so as to resist
the lateral earthquake loads as well as berthiny impacts and
wind loads on the cranes. Consequently, for the three berth
expansion, where it is deemed that there is sufficient over-
burden over the rock surface to gain fixity for the piles,
particularly those along the offshore side, the prestressed
concrete pile scheme is recommended as a means of pricing
the land reclamation project for port use, schematically

shown on Drawing H-22.

Construction Methods

The construction methods will be determined in detail
by the design, the natural conditions, and the availability

of a contractor's work yard in the future, when the various

phases of port development progress.
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The dtedging aspects, including possible rental and/or
purchase of a dredge have been previcnsly discusced separétely,
and are an essential part of the overall construction procedure
from the viewpoint of timing and coordination with the con-

struction of the wharf structure itself.

It is presumed that the bulkhead structure would be
constructed by an international firm of heavy-marine contrac-
tors basically using waterborne equipment. The existing wharf
at Corinto wo;ld have to be used to accommodate the contrac-
tors' loading and unloading of materials and equipment.

Unless such berth use is permitted, the costs would increase

considerably.

It is also presumed that housing for contractors'
personnel would be the sole responsibility of the contractor,

and would not be provided by the Port Authority.

Beside the fact that the construction would proceed
in schedule and sequence, it is visualized that the following
would be representative of the methods to be employed for
the prestressed concrete pile wharf scheme, shown on

Drawing H-22:

1. The dredging contract would be an independent
contract and presumably, would go into effect

prior or during c¢onstruction of the wharf's
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structure; so as to dredge alongside the wharf
the necessary slip for floatation of the
contractors' cquipment. 2Alsgo, it would he
necescary to dredge out the soils to stable
slopes so that after pile driving, the slopes
would not ravel. The dredge material would
be placed onshore, properly diked, impounded,
surcharged and stockpiled, for later use as

backfill for the marginal wharf.

The contractor would set up a concrete plant

and concrete casting yard for production of
prestressed concrete piles, after detailed

borings and soundings have been made throughout

the entire wharf area, to establish in an accurate
fashion the length of the piles, previous to

their casting operations.

The contractor would obtain the necessary materials
required - including reinforcing strands, rein-
forcing rods and cement and aggregate, along with
necessary stockpiles, storage areas for a site sel-
ected by the Port of Corinto, presumably adjacent
to the new construction, basically in the areas
where the existing tank farms are now lpcated.

This means that previous to this construction
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operation, the tank farms @ust be relocated to

the west, on reclaimed land.

4. Work would then proceed in stages with water
equipment, driving the verical and batter pii=zs,
all braced in place and supported against the
movement of tidal currents and placement of

riprap.

5. The riprap would then be placed between the piles
and the slope trimmed as required, prior to

setting of the concrete slab and deck.

6. The concrete deck would be placed on the piles,
serving as a cap. Some of the elements could
be precast for efficient operations, provided
a heavy-duty crane is available for the lifting,
with cast-in-place connections joining the precast

elements.

7. Lastly would come the final placing of the
fills, slabs, bollards, cleats, fendering system,

etc.

Attached is a construction schedule, depicting the major
elements of construction. This construction schedule is also
superimposed on Figure H-8, allowing time for desi¢n and con-

struction, indicating that about three' years are required to
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realize the construction from design to finigsh. On this basis,
it is obvious that to meet the projected plans, the funding,
design and construction must start well in advance of the

year when the completed facility is required.

Construction Costs

All estimated construction costs are based on January
1976 prices without escalation for future phased construction.

The detailed cost estimate tabulations are attached.

Since it will be years before the recommended wharf
construction program is implemented, escalation will occur
during the intervening periods. The degree of escalation
is dependent on international factors, unpredictable and
outside the scope of this Report. Nevertheless, it is judged,
based on past cxperience, that the escalation would be of
the order of four to eight percent per year for marine con-
struction. On this basis, an average escalation of six per-
cent could be used as a means of projecting the capital re-

quired in the future, when actual construction comme nces.

Assuming the first berth is completed in January 1985
and that the mid-point of major construction expenditures is
January 1984, then there is a period of eight years, compounded
at six percent per year, resulting in an increase of approxi-

mately 60 percent in the costs of January 1976 ,compounded to
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January 1984. Consequently, any sinking fund account, loan

or bond issue will have to take such escalation inte account.

In addition to the capital costs, which include some
contingency and engineering and construction inspection cests,
the Port Authority will have to add legal and administrative

costs to establish the overall funding of the project.

The estimates are divided, basically, into two parts.
The first is to establish the unit cost per item of work,
separated into three factors of labor, material and equip-
ment. Then each of the three factors are, in turn, separated
into local and foreign unit costs. The foreign cost represents
foreign labor working on the project or foreign materials and

equipment imported into Nicaragua.

The second stage of the cost estimate utilizes the unit
costs (both local and foreign) related to the quantities in
order to cbtain a total estimated cost of construction, again

separated into local and foreign costs.

The cost estimates then continue in detail for the three
stages of construction, but each of these stages, in turn, is
separated into the initial reclamation aspect, -such as dredg-
ing, bulkhead construction and basic infrastruczure with an-
other stage for final construction, including fendéring systems,
transit sheds, etc. Attached is a tabulated summary of the

cost estimates.
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In making the estimates and analyzing the preliminary
designs, attempts were made to minimize the foreign expendi-
tures. For this reason, those designs requiring imported ma-
terial, such as steel sheet piling, pipe piles, etc., are
not recommended in favor of concrete type structures, where

the import quantities are greatly reduced.

In analyzing the overall costs, the interfelationship
with the land reclamation pProject, such as construction of
housing, schools, etc., had to be closely coordinated. On
this basis, since it is essential for port development to
have channels, turning basins, anchorages, etc., it was
assumed that all such dredging is chargeable to the Port.
Consequently, the use of the dredge material as fill in the
Port area itself is at =z higher unit price than the use of
surplus dredge material as fill for land reclamation for
housing, schools, etc. It is presumed that the land reclama-
tion project for housing, schools, etc., would pay a premium
for the use of surplus dredge material so that the added cost

of placing the £ill would not be charged to the Port.

Consideration was given to lead time for purchase and
procurement in evaluating the various alternative designs.
It is extremely difficult to predict today the shortages of

materials eight to :en years from now, when the first phase
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of port development will be constructed. However, it does
seem logical to presume that items such as steel, sheeting
and pipes could and probably will be in short supply, re-
quiring considerable lead time. Consequently, here again,
the advantages of concrete construction become apparent
beside the advantages of using primarily local materials and
not imports. The lead time on concrete construction will
obviously be much less than, say, for steel sheet piling.
However, critical items such as prestressing strands, etc.,
will still have to be ordered well in advance. This, héwever,
should not create any serious problems because the quanti-
ties are relatively small and consist of materials which can
be purchased in odd lots and shipped to Nicaragua in small
bulk. Consequently, the studies proceeded on this basis
that the prestressed concrete pile relieving type platform

is the first choice for construction.

The detailed cost estimates and their breakdown, with
unit prices, are self-explanatory. The prices developed
are based on the international competitive market for

marine construction.

Maintenance Costs

After the facilities are constructed, maintenance costs

will arise in terms of dredging of the deeper channels and

turning basins as they tend to silt up, as well as maintenance .
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of the structures and facilities themselves.

The dredging maintenance costs can be based on the stud-
ies made by others which concluded that the main channel would
silt at the average rate of about 150,000 cubic meters per
year in the vicinity of Sawyer Bank and Boca Falsa. In
addition, it is presumed that upon dredging of the estuary,
there will be a tendency to entrap additional silt and,
consequently, it would be prudent to add 50,000 cubic meters
of dredging per year for the estuary. On this basis, the
average rate of siltation can be assumed to be in the order
of 200,000 cubic meters per year, to be dredged approximately,
say, every three to five years. Unfortunately, this rate
of dredging does .ot correspond to the construction program
for future wharf facilities so that the maintenance dredging
would have to be done under separate contracts. This is
also necessary from the viewpoint that the type of dredge
needed for the deep channel dredging in the exposed waterway
is different from a hydraulic cutterhead with pipelines in the
relatively sheltered waters inside the Port area. It appears,
therefore, that maintenance dredging will have to be accomplished
by outside contractors, bringing in a hopper dredge every, say,
five years in order to maintain the main channel. The frequency
of maintenance dredging can be reduced by overdredging,
although this in turn tends to cause greater entrapment of silt.

However, with overdredging, it appears that every five years
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or so would be a realistic average time for a hopper dredge
contract to be let for maintenance of the main channels.
Consequently, in any funding for the Port, funds should be

set aside for such maintenance dredging.

The wharf facilities and structures will alsc have to
be maintained, consistent with the maintenance program now
in effect for the existing facilities. It is assumed that
the facilities themselves from a structural viewpoint will
have a "forty-year minimum life." 1In structures of this
type, the total yearly maintenance is generally considered
to be at the rate of one percent for the first five years,
increasing by 0.5 percent increments for every five-year
interval, so that after 20 years, the yearly maintenance
would be 3 percent of the capital cost for the remainder of
the life of the structure. This schedule of maintenance
is independent of dredging and presumes a complete final
structure in good condition is turned over by the contractor

upon completion of the construction. The schedule is as

follows:
Age - Years Percent Annual Maintenance
0 -5 0.5
6 - 10 1.5
11 - 15 2.0
16 - 20 . 2.5

21 - 50 3.0
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Based on the above, it can be appreciated that con-
siderable maintenance expenses will accrue and that sizable
staff will be occupied with such maintenance. Since the new
extended facilities will be a part of the existing wharves
and Liquid Cargo Pier, it is difficult to separate the per-
sonnel required for maintenance. It is visualized, however,
that a permanent staff of about 15 people would be involved,
consisting of a superintendent, assistant, skilled electrical,

mechanical and common labor.

The maintenance program should be established on a
permanent basis with specific items scheduled for inspec-
tion, painting and/or repair at specific times. Preventive
maintenance will reduce the overall expcnditures. Some items
of maintenance will, however, have to be subcontracted where

special skills and/or equipment are required.

Outline Specifications

Outline specifications are included in the Appendix,
basically covering the construction of the prestressed con-
crete pila relieving platform scheme. The overall construc-

tion procedures and sequence are outlined.

The specifications for dredging ard filling, along with
all of the major controls thereof, are not a part of this

Port Study Report, but instead have been prepared separately



107

by the soils and civil engineering group. Nevertheless, .
where there is a close interrelationship, some aspects of

the dredging and filling are covered in the Port outline

specifications.

X. Conclusions

Three general cargo/container berths will be required
at the Port o Corinto, basically required in sequence in
1985, 1991 and 1997, to accommodate the future tonnage pro-
jections. These facilities are in addition to the Container
and General Cargo Wharf now under construction and its ad-

jacent Liquid Cargo Pier.

Alternative sites were studied and it was concluded
that the long-range expansion of the Port is best satisfied
by constructing these new berths as a northward extension
of the existing facilities. On this basis, the befths
will continue as a progression, commencing immediately north

of the Liquid Cargo Pier presently under construction.

This expansion program necessitates demolition of
one row of city blocks to provide additional hinterland for
the facilities and it also requires relocation of the exist-

ing tank farm and the Miscellaneous Marine Facilities.

The dredging of channels and turning basins for the

new construction provides sufficient f£ill for Port development,
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Plus a surplus which can be utilized (at an additional price)
for land reclamation to accommodate future housing, schools,
etc. The land reclamation aspect is, however, beyond the

gscope of this cection of the Port Development Report.

It is estimated that at January 1976 prices, the hasic
Port development costs for the three future berths are:
193,901,900; 55,481,900; and 110,440,400 Cordobas. In
comparison, the complete facilities with all infrastructure,
transit sheds, etc., would correspondingly cost: 262,430,900;
164,110,900; and 165,253,900 Cordobas. These prices do not
include the administrative expenses of the Port Authority
or escalation. It is anticipated that escalation for marine
construction would be at the overall rate of 6 percent per
year. Consequently, in any funding or establishment of sink-

ing funds, etc., such escalation will have to be considered.

In the future, it is visualized that the Port of Corinto
will expand over to the east bank of the estuary. This will
require an entirely new infrastructure, connecting to the
mainland as well as a bridge over the estuary, joining the
Island of Corinto to the east bank of the estuary and onward
to the general area of Puerto Esparta. Consequently, care
should be exercised to "zone" the east bank so as to control
this expansioh. Ir particular, it is visualized tﬁat separate

facilities, possibly those of dangerous cargo, or facilities
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which are relatively independent of the Port could best be

established on the east bank.

Studies were also made of maintenance dredging and
the desirability of the Port purchasing and Operating itsg
own dredge, Servicing Corinto and other ports in Nicaragua.
It is concludeq thet at this time, with the present dredg-
ing at the port of Corinto under Separate contract, there
is not in the immediate future, a sufficient quantity of
dredging to be accomplished, to justify purchase of such
equipment. The dredging volumes are not sufficient and
much of the maintenance dredging would have to be done in
open waters where a specialized hopper type of dredge is
required, rather thap a cutterhead suction dredge with pipe-
lines. Accordingly, it is recommended that no further
consideration be given at this time to purchasing a dredge.
This matter can ang shoulgd, however, be reviewed in the early
1980's when extensions will be required to the Port of Corinto,
and quite pPossibly, additional dredging may be required
elsewhere, thus justifying the expense. Only if a dredge
could be operated full time, can its capital and maintenance
costs be prorated at a reasonable unit price Per quantity of
material dredged. The inherent advantages of the Port owning
its own dredge, are overbalanced by the expenses of purchasing
and operating a dredge for the relatively small volumes of

dredging required, at nonuniform intervalg.
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1974 EXPORTS

( In thousands of Revenue Tons).

TOTAL EXPORTQ 568.3
DRY CARGO 538.5
Cotton 141.7
Cotton Seed 33.6
Cotton Seed 0il 6.2
Cotton Seed cake 53.7
Cotton Linters 17.2
Bananas 132.7
Coffee 29.4
Sugar 46.8
Sesame 4.8
Meat 3.4
Lumber 55.7
Cargo, n.e.c 13.3

Agriculture a_/ 0.7

Other b/ _ : 12.6

LIQUID CARGO

Molasses 30.3

a_/ Includes: Beans, Tobacco, Peanuts, Corn and Leather.

b_/ Includes: p.v.C. compound, in transit cargo and cargo spe-
cified as "other bulk products".
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1974 IMPORTS

(In thousands of Revenue Tons.)

TOTAL IMPORTS 556.7
DRY CARGO 449.7
Fertilizers and Insecticides ( bulk) . 40.5
Fertilizers in Packages 36.7
Chemical Products 48.7
Machinery, Spare Parts and Tools 29.7
Vehicles 59.4
Iron and Steel Products 96.8
Glass Products 7.6
Paper Products 16.9
Lubricants and Oils, and Other Petroleum

Products, n.e.c. 8.8
Explosives " 0.6
Wheat 32.3
Barley and Other grains 13.3
Jute in Bails 13.5
Other Dry cCargo a_/ 94.9
LIQUID CARGO  57.0
Aviation Gasoline 25.5
Asphalt : 0.3
Solvents 18.1
Diesgel

Tallow 7.3
Other products by Pipe ' 5.8

Includes: Mail, in transit cargo and
general merchandise.
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COSTO ESTIMADO TOTAL EN CORDODAS - MUELLE FUTURO DE CARCA CLNERAL/CCNTENTONRES *
TOTAL ESTIMATED COST IN CORDORAS - FUTUPE PIER FOD GENEFPAL, CANCO/CONTAINIPS 112
BASIC STRUCTURE LOCAL EXTRANJERO| TOTAL LOCAL U EXTRANJIERO!  TOTAL LOCAL FYTRAN YO e a e
DRAGADO Y RELLENO 4,565,000 11,942,000 16,507,000 f 3,570,000 5,467,000] 9,037,000 ‘ R,626,500124,575,000f 31,205, 5¢0
DREDGING AND FILL ! T
ESTRUCTURA DEL MUELLE 23,432,380 30,767,520} 54,199,900 {11,267,000 15,092,900 26,359,900 17,254,000 22,696,900 "_3?;’;64,90.3
—y- - ——4
WHARF STRUCTURE ;
INFRAESTRUCTURA BASICA 7,598,000 16,872,000 24,470,000 | 3 99},000 3,094,000 6,085,000 | 3,730,000 3,460,000 7,180,002
BASIC INFRASTRUCTURE }
—_— — e . S
MOVILIZACION Y DESMOVILIZACION 2,500,000 7,500,000 10,000,000 } 1,000,€00 ; 3,000,000 4,000,000 { 2,000,500] 6,000,c00 8,009,000
MOBILIZATION & DEMOBILIZATION l ' ]
bo - y < aac * . R N S ememeto— e oL il . L U PN =1
SURTOTAL 38,095,380 67,081,520} 105,176,900 |18,828,00C | 26,653,900 45,481,900 { 31,630,509 56,729,900 | €€, 340,400
SUBTOTAL . ! S
. . - s N el L U . SRR
DISEfl0 Y SUPERVISION 2,100,000 8,400,000 10,500,000 600,000 | 2,600,00¢]| 3,200,000 | 1,800,000 7,900,000} 8,600,000
DESIGN & SUPERVISION .
CONTINGENCIAS 5,530,000 10,270,000 15,800,000 | 2,700,000 4,100,000f 6,800,000 4,700,000| 8,600,000 | 13,300,000
CONTINGENCIES ’
— = = SR Lo - = = e L R e o § VLK sl 52
TOTAL 45,725,380 85,751,520| 131,476,900 }22,128,000 33,353,900)55,481,990 | 38,110,500 72,329,900 {11.0,440,405
TOTAL
R oy P . P . — pe— o —— — e e o e PO Ja— o— .
REUBICACION DE INSTALACIONES EXISTENTES
RELOCATION OF EXISTING FACILITIES .
PATIO DE TANQUES 24,630,000 10,000,000{ 34,630,000 ——— ————— === | emeem ] el ———
TAMK FARM j T ]
INSTALACIONES CAMARONERAS 18,955,000 8,000,000 26,955,000 === meeee e e ————
SHERIMP FACILITIES
ESTRUCTUPAS MISCELAMEAS 840,000 840,000 e T U R ————
HMISCELLANEOUS STRUCTURES J
SURTOTAL 90,150,380 | 103,751,520 | 193,901.900 122,128,000 33,353,900155,481,900 | 38,110,500{72,329,500 110,440,404
SUBTOTAL l T h B
Sl E T Stk . aoe ———lg L Ll —_— ,—— el e b — o) - — —— — L —_— e
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COSTO ESTIMADO TOTAL EN CORDOBAS - NULLLE FUTURO DL CARGA GENLRAL/CONTLNEDORES

. . TOTAL ESTIMATED COST IN CORDORBAS - FUTUREC PILR FOR GINEIAL _CARRO/COnTa < 111
II5TALACIONES INTERIORES TERMINADAS ATRACADERO No.l - 1985 - Sup NTRACADERO No.2 - 1591 - CINTFO| ATRACADERS %o.3 < 1807 = MongE
CCHPLETED INTERIOR FACILITIES LOCAL EXTRANJIPO TOTAL LOCAL. L¥XTRANIENN TOTAL L _Locst XTPINIERD | moTAL
SUSTOTAL ' 90,150,380/ 103,751,520 193,901,900 |27, )25, 000 33,353,900055,481,9000 38,110,500 72,323,900 11¢, 440, 20¢
SUBTOTAL

4 el [ S R R — . ~ 1. e
EQUIPO DE MUELLE , i 548,800] 1,274,700 | 1,823,500 271,200 634,800 906,000] 407,200 945,300 1,352, 5¢0]
- —
VHARF PITTINGS
PAVIMENTACION : . 14,140,000/ 5,680,000 | 20,020,000 | ¢ geo 000 2,856,000 9,724,000] 10,504,000 4,368,000| 14,872,000
PAVING )
EDIFICIOS 790,000 520,000 | 1,310,000 22,000,000 11,500,000, 33,500,000 20,000 . 10,000 30,000
BUILDINGS
EQUIPO — 24,596,000 | 24,596,000 --- 34',189,600‘ 34,189,000 ---  1723,619,000] 23,619,000
EQUIPMENT
INFHAESTRUCTURA QUE PERMANECE 314,500[ 3,065,000 | 3,379,500 305,000 2,405,000 2,710,000 -—- 84c,000 840,000
e e T I Bam.ooc] 810,000
REMAINING INFRASTRUCTURE
HOVILIZACION Y DESMOVILIZACION 1,250,000/ 3,750,000 | 5,000,000 | 2,000,000| &,000,000 8,000,000} 1,000,009 3,000,006{ 4,000,000
MOBILIZ2ATION ¢ DEMOBILIZATION ]

SUBTOTAL . " 107,193, 680 142,837,220 | 250,030,900 | 53,572,20¢ | 90,938, 700144, 510, 500 50,041,700105, 112,200 155,153,900
SUBTOTAL . R B | 7 .
DISELO Y SUPERVISION 800,000 3,200,000 | 4,000,000 | 1+240,000] ¢,60,000 6,200,000 640,000 2,560,000] 3,200,000
DESIGH & SUPCRVISION , . L _i_“_ ___j L | ~ “. ﬁ_— N
CONTINGENCIAS . 2,600,000] 5,800,000 | 8,400,000 | ¢+700:000| 8,700,000 13,200,000| 1,500,00d 5,009,000 5,900, 000]
1 L S
| conTINGENCIES S R S R I
TOTAL COSTOS ESTIMADOS 110,593, 680 :5—1‘;7'2-80. 2.;,2—,;50.,_90‘9_ 59,512,200 1o;,:;égj;c;o1"5;{1,::1;1'_57;0% _—52‘581_7(10 112?73_20 1_c_<_ ,;;4:5.3_;99;;
“TOTAL ESTIMATED COSTS I WS DR e R
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PLEAMAR MEDIA m.h.w. EL+0.99 M,
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APPENDIX A~l

Evaluation Analysis =~ Purchase and
Operation of Dredge

Alternative I - Purchase Present Cutter-
head Sucticn Dredge

Alternative IT -~ Purchase New Cutterhead
Suction Dredge

Hopper Dredge
Cost Curve

Catalog Data



EVALUATION ANALYSIS
PURCHASE AND OPERATION OF DREDGE
BY THE

PORT AUTHORITY OF CORINTO NICARAGUA °

INDEX

1 of 22

ALTERNATIVE I. PURCHASE PRESENT CUTTHERHEAD SUCTION DREDGE - SHEET

Dredge -

Equipment

Capital Cost N

Cost of Spare Parts One Year

Cost of Hauling Dredge Overland

Cost. of installing Skids

Cost of Assembly & Disassembly

Operating cost per Hour .
Unit cost of dredging per Cubic Meter & cost comparisons

ALTERNATIVE II. PURCHASE NEW CUTTERHEAD SUCTION DREDGE.

Dredge

Equipment

Capital Cost

Cost of Spare Parts.One Year

Cost of Hauling Dredge Overland

Cost of installing Skids

Cost of assembly & Disassembly

Operating cost per Hour

Unit Cost of Dredging per Cubic Metzr & Cost -comparisons
HOPPER DREDGE

COST CURVES
CATALOG DATA Sheets D-1 to D-26 Inclusive

VUL Db o W N



ALTERNATIVE 1I.

2 of 22

PURCHASE PRESENT DREDGE UPON COMPLETION OF

DREDGE:

DREDGING CONTRACT FOR THE NEW MARGINAL CON-
TAINERS WHARF AND LIQUID CARGO PIER.

Dixie Dredge Corporation, Model CS-3-20, hy-~
draulic cutterhead portable dredge; 24" suc-
tion, 20" discharge; diesel engines.

General Dimensions: center hull- 15.2™ wide X
1.8™ deep side pontoons-
25.9m/long x 2.4™ wide X
1.8™ deep ladder- 2.19mlong

spuds- 0.61"™ dia x 20.4™ long

Depth of dredging: 15™ (from mean high water)
Approximate capacity in m3/hr:

DISTANCE STATIC HEAD

3m 8m

600™ 560 540
900™ 460 430
1200™ 340 320
1500™ 280 270
2000™ 230 220

For purposes of this analysis, it is assumedm
that the dredge will pump a distance of 1350m
two third of the time, and a distance of 200
one third of the time, with a maximum average
output of 280m3/hr. Allowing 15% down time,
normal average output= 230 m3/hr.

Estimated useful life: 20 years
(For further information on Model C5-3-20 Dredge, see

catalog data at end of this report Appendix, Shests to
D-9, inc.)
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ALTERNATIVE I. (Continued)

EQUIPMENT:

' The quantities of dredge pipe and pontoons

on hand are not known. For purposes of
this analysis, the following quantities
are assumed, similar to alternative II,
described later on.

Float Pipe: 0.51™ dia x 4.76™ ya13
(20" g 0.88" wall)
Ball joints included. Pipe lengths 15.2™ (50°')

4500 IF = 13790

Pontoons: 1.47" dia. x 3.65™ long. Three
required per length of float pipe
Total : 270Pontoons

Shore Pipe: 0.51™ dia. x 4.76 wall
Tapers, bands & lugs included .
Pipe lengths 6.1 ™ (207

2000 LF = 610 ™

Estimated useful 1life: 2 1/2 to 3 years.



ALTERNATIVE I. (Continued)

Capital Cost (December 1975 Prices)

1.

6.

4 of 22 )

US DOLIARS OORDORAS

One Cs-3-20 Dredge, FOB, St. Iouis, MO 799,325
Freight -~ Inland $11,000
Ocean 120,000
Insurance 2,700
133,700
Total cost, CIF Corinto 933,025 6,531.175
Equipment:
13720 (4500')- 0.51™ @ float pipe with
fittings, plus 270 pontoons, at $§523/1M
FOB, St. Louis, MO. 718,650
610" (2000') - 0.51™ ¢ shore pipe with
fittngs, at $57.51/IM, FOB, St. ILouis MO 35,080
Freight - Inland $ 26,000
Ocean 244,000
Insurance 2,100
292,100
Total cost, CIF, Corinto 1,045,830 7,320,810
Summation, Ttems 1 & 2. $1,978,105 cC 13,851,985
Estimated value upon purchase:
Assume 20% depreciation- dredge 764,420 5,224,940
Assume 67% depreciation equipment 384,610 2,440,270
Total Estimated Value 1,095.030 7,665,000
Spare parts- one year supply- Sheet #5 84,065 589,000
TOTAL CAPITAL COST 1,179,095 8,254,000
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ALTERNTIVE I. ( Continued)
QOST OF SPARE PARTS - ONE YEAR US DOLIARS CORDOBAS

FOB, St. louis, MO see "Recammended Spare Parts
List for Dixie Model CS~3-20 for One Yr's Opera-
tion" at end of this Appendix, Sheet D-10 to

D~-12 incl. 67,765
Freight - 1Inland $ 1,000
Ocean 15,000
» Insurance 300
16,300
Total cost, CIF, Corinto 84,065 589,000

(X)STOFHAULINGDREDGE&EQUIPMENTOVER[AND

Cubic measurement

Dredge n 765 m°
1982m of 0.51 @ pipe 409
270 pontoons 1683

2857 m3, say 2,900 m3

Cost:

3

2,900 m” x C$1.42/ m° fkm = C$4,118, say 4,150 / Km

QOST OF INSTALLING SKIDS AT SITE - LAUNCH & BACKHAUL DREDGE:

Estimated cost C$100,000/site 100,000

QOST OF ASSEMBLING & DISASSEMBLING DREDGE, INCLUDING LAUNCHING & BACKHAULING:

Estimated cost of assembly C$ 7,000
Estimated cost of d isassembly C$ 3,600



ALTERNATIVE I. (Continued)

OPERATING QOST PER HOUR ( December 1975)

6 of 22

CORDOBAS

For the first 50 waeks, or less, crew will consist of:
a. 1 foreign dredgeman at $ 16/hr. = ($112
b. 1 deckhard / oiler at 7
c. 4 laborers at 6.50 = 26 4

Total crew labor C$145/hr.
For balance of time, crew will consist of:
a. 1 dredgeman Cs12
b. 1 deckhand / oilerglocal 7
¢c. 4 laborers 26

Total crew labor C$ 45 /Shr.
Diesel fuel 85.11 gph at C$3.85 328 /hr.
0il & grease 24 /hr.

Repairs & maintenance

a. Main engine CS$ 23
b. Dredge pump (wear parts) 69
c. Cutterhead, edges,bearings 7
d. Drives & winches 21

e. Hydraulic, major overhaul &
intermediate repairs, plus misc.
replacement of couplings, hose,
filters, etc. 11
f. Misc. items- periodic replacement
suction pipe & slesve, discharge ell,
repairs to aux. pump, periodic clea-

ning and painting. 20

g. Discharge pipeline & accesories 276

h. Oontingencies 57
TOTAL

C$ 484 / hr.



ALTERNATIVE I. ( Contimied)

6. Total Operating Cost per Hour

a. With foreign dredgeman

b. with all local personnel

Cost of line Boat

Nost of tug Assistance

Tof 22

C3 981 / hr.
881 / hr.

300 / shift
5,000 / shift
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UNIT COST OF DREDGING:

1. Dredging Quantities:

Corinto Port Expansion Wharf Che el Maintenance
Phase I 1984-85 1,028.000m° - 700,000 m>
Phase II 1990-91 410,000 - 600,000
Phase ITI 1996-97 1,212,000 883,000 600,000

3 3

2,.650,000m3 883,000m~ 1,900,000 m

Assumed exposed to wind & wave action;
suction cutterhead dredge not feasible.

Other Pacific Coast Ports-Protected Distance from Corinto

Potost Y65 km
+

San Juan del Sur 325 Km

3

Assume ¥ 700,000 m~ to be dredged at each port

Total quantity of Dredging

Corinto 2,550,000 m-

2 other ports 1,400,000

4,050,000 m°

2. Unit Cost Dredging Contractor Comparison

December 1975- present contract, dradging for new marginal container wharf
and liquid cargo pier: C$15.50/m3. 1in order for the Port Authority to operate
their own dredge; it is reaconzble to assume that the unit cost of dﬁ@ ing
wold be about 2/3 of the contractor's unit price,or say % C$10.00/m>, taking
into account administration, purchase orders, legal complications,ctc. This
campares with the following approximate breakdown:

Labor equipment, materials Cy 10.00 .

Overhead & profit 3.00

Mobilization, demobilization 1,50

Oontingencies 0.70 TOTAL: C$15.50




ALTERNATIVE I. (Continued)

Unit cost of Dredging (Continued)

3.

Dredge Production

2-10 n-. shifts/day , 6 day week = 120 hrs.

230 m® /e = 120

Dredging Time

Corinto Phase I~ 1,028,000
Corinto Phase II- 410,000

Corinto Phase III 1,212,000

Two other ports 1,400,000

27,600
27,600
27,600

27,600

50 weeks- foreign dredgeman

Dredge operating: 150 + 1040 =

9 of 22

27,600 m> Ak

38 wks
15 wks
44 wks

51 wks
148 wks say 150 wks

14% of time



ALTERNATIVE I. (Continued).

WNIT COST OF DREDGING. (Centinued)

a.

Capital cost of drcdge, 1400 of float pipe, 270
pontoons, 6G0GT of chore pipe (Sheztd )
Install skids at 3 sites 3 x 100,000 (shoet 5)

Corinto  Other Total
Asserbly 3 2x2=4  7x7.000 (sheet 5)
Disassembly 6x3.600 (shzet 5)

Haulage . Potosf 65x2 trips = 130 lms (sheet 5)
S.J. del Sur 325x2= 650

780 x 2 = 1650,say 1600™

at 4.150

Replace pipe line material operating 150kms
(sheet 4 ) (purchased material deteriorated).
Replace twice 2x7,320,810

Spare parts - 3 years operating 3x589.000
(sheet 5)

Operating costs ( sheet g )
1. 50 wks at 120x981=117,720/wks x 50
2. 100 wks at 120x881= 105.720 /wks x 100

Idle tims - 980 wks

1. Watchman 7 days x 24 hrs x 6.50/hr=1.092/wks

2. Maintenance 1-10hr shift /wks, say 6,000
7.092x890

Line boat- 150 wks x 12 shiftsx 300 (sheet 7)

Tug assistance, say 18 shifts x 5.000 (sheet 7)

10 of 22

CORDOBAS

7,665,000
300,000

49,000
22,006

6,640,000

14,642.000
1,767,000
5,886.000

10,572.000

6,312.000
540,000
90,000

TOTAL COST C$ 54,485.000

Unit Cost 54,485,000 + 4.050.000 =

C$ 13.45/m°



ALTERNATIVE I.
UNIT COST OF DREDGE

(Continued)
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(Continued)

6. DREDGE QUANITTY REQUIRED MODEL CS-3-20 DREDGE AT UNIT COST

oF ¥ 10.0040°.

A cost curve has bcin plotted and attachzd to this Appendix to

operate thz P. A.

dredge IModel CS-3-20 at a unit cost of %

10.00 An3, it will be nccessary to dredge about 259 of the time.

Based on a useful

life of 20 years, the dredge will opzrate 5

years, or 260 wasgks.

Total quantity of

3

dredging required: 260x27.600 = 7,176.000 m

Development of unit cost / m3 CORDOBAS
a. Capital cost of dredge & pipe,etc 7,665.000
b. Install skids- 3 sites 300,000
C. Assenbly total 8 x 7,000 56,000
d. Disassembly 7 x 3.600 25,000
e. Haulage 503 more =1.5 x 1.600=2400 km at 4.150 9,960.000
f. Replace pipe line twice 14,642.000
g. Spare parts- 5 years x 589.000 2,945.000
k. Operating costs: ,

1.50 weeks x *17,720 5,886,000

2.210 weeks r 105,720 22,201,000
i. Idle time- 780 .eeks x 7.092 5,532.000
j. Line boat - 260 x 12 x 300 936,000
k. Tug assistance- 30 shifts x 5.000 150,000

TOTAL COST c$ 70,298,000

2. Unit Cost 70,298.000 % 7,176,000 = C$9.80/m>  CS$10.00/m>

7. CONCLUSION:

For the Port Authority Model CS-3-20 to dredge approxima=
tely 2,650,000 m3 for the Port Expansion, and 1,400,000m

at other protected parts in Nicaragua, the dredge would
operate 14% gf the useful life of 20 years, at a unit cost
of C$13.45/m”. In order to obtain a unit cost of £10.00/m3,
it would be necessary to dredge about_25% of the time ,
with a total production of 7,200.000m3, which is not pre-
sently visualized.

NOTE: All costs are based on December 1975 prices, without escalation.
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ALTERNATIVE II. PURCHASE NEW CUTTERHEAD SUCTION DREDGE

DREDGE: Purchace Dixie Dredge Corp., Model (S-2-16 hydraulic
cutterhead portable dredge; 18" cuction, 16" discharge
diecel enginzs. 1In addition; purchace onz booster punp
to be uczd for above normal distences and static head of
gm

General Dimznsions: Center hull 16.7™ /long x 15.m wide
x 1.5 deep.Side pontoons 22.9/long x 1.5M wide x 1.5m
deep ladder- 18.9M/long

Spuds- 0,46™M dia % 17.4mlong

Depth of dredging: 15" (fram mean high water)

Approximate capacity in m3/hr ( without booster) :

DISTANCE STATIC HEAD
g

600™ 310

900m 220

1200M 160 150

1500M 130

2000™ - 250%

* With booster pump.

For purposes of this analysis, it is assumed that the dredge
will pump a distance of 1350M two thirds of the time, without
booster, and a distance of 2000™ one third of the time, with
booster, resulting in a maximm average output of 18(11\5/111:.
Allowing 15% down time, normal average output = 136m3/hr.

Estimated useful life: 20 years.
Delivery: 4 to 6 months.
( For further information on Model CS-2-16 Dredge and

CS-2-16 Booster Pump, see catalog data at end of this
Appendix, Sheets D-13 to D-23 incl.)
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ALTERNATIVE II. (Continued)

EQUIPMENT:

Float Pipe: 0.41" dia. x 4.76™ wall ( 16 @ x 0.188" wall)
Ball joints included. Pipe lengths 15.2™ (50')

4500 1Fr= 13720

Pontoons:  1.12" dia. x 3.65" long ( 44 @ x 12')
Three required per length of float pipe

270 Pontoons

Shore pipes: 0.41" dia. x 4.76™ wall ( 16 @ x 0.188™ wall)
Tapers, bands, and tugs included. Pipe length
6.1™ (20")
2000 LF= 6107

Estimated useful life: 2 1/2 to 3 years.



ALTERNATIVE II. (Continued)

6.
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CAPITAL COST. (December 1975 prices) US DOLLARS CORDOBAS
1. One CS-2-16 Dredge FOB St. Iouis s MO 473,750
Freight: Inland $ 5,500
Ocean 101,000
Insurance 1,400
107,900
Total CIF Corinto 581,650 4,071,550
2. One CS-2-16 Booster Pump, FOB, St. Louis MO 150,500
Freight: Inland $ 1,000
Ocean 15,000
Insurance 400
16,400
Total CIF Corinto 166,900 1,168,300
Equipment:
1372" (4500') 0.41 @ float pipe with fittings,
plus 270 pontoons, at $391.45/1M,FOB St. ILouis. 537,075
610" (2000') 0.41™ g shore pipe with fittings,
at $46.16/IM, FOB St. Iouis, MO 28,160
Freight: Inland $19,000
Ocean 181,000
Insurance 1,600
211,600
Total Cost CIF, Corinto 776,835 5,437,845
Summation: Item 1,2,43 1,525,385 10,677,695
Spare parts- one year supply See sheet 15 61,029 427,203
Total Capital Cost 1,586,414 11,104,808
SAY: 11,205,000_-
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ALTERNATIVE II. (Continued)

COST OF SPARE PARTS. ONE YEAR. US DOLIARS CORDOBAS

FOB, St. Iouils, MD - gcee "Recamnended Spare parts

for Dixie Model CS-2-16 for One Year Operation”

at the end of this Appendix, Sheets D-24 to D-26,

incl. 51,329

Freight: Inland $ 500
Ocean 9000
Insurance 200

9,700

Total Cost CIF Corinto 61,029 427,203

COST OF HAULING DREDGE & EQUIPMENT OVERLAND:

Cubic Measurements:

Dredge & booster 360m3

1982 of 0.41™ g pipe 263

270 Pontoons 970 ‘
1593 m°, say 1,600 m>
Cost: 1,600m° x C$1.42/m>/km = C$2272 say C$2,300/KM

COST OF INSTALLING SKIDS AT SITE- LAUNCH & BACKHAUL DREDGE:

Estimated cost 100,000/
site.

COST OF ASSEMBLING & DISASSEMBLING DREDGE, INCLUDING TLAUNCHING
& BACKHAULING.

Estimated cost of assembly o] 6‘,000
Estimated cost of disassembly c$ 3,000
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ALTERNATIVE If. (Continuation)
OPERATING COST PER HOUR: OORDOBAS.

1.

2.

3.

4.

5.

- w/o booster, 1/3 of time w/booster

6.

Dredae without booster; for the first 50 wesks,
the crcw will consist of:

a. 1 foreign dredgeman at C$16.00/hr= ($112
b. 1 deckhand/oiler at 7
c. 4 laborers at C$ 6.50/hr= 26
Total crew labor C$145/hr

Dredge with booster; for the first 50 weeks
the crew will consist of:

a. 1 foreign dredgeman at C$16.00/hr= C$112
b. 1 pump operator 10
¢c. 1 deckhand/oiler ‘ 7
d. 4 laborers 6.50/hr 26
Total crew labor C$155/hr

Dredge without booster; balance of time, crew will

consist of:

a. 1 dredgeman at C$12
b. 1 deckhand/oiler 1
¢c. 4 laborers at 6.50 26

Total crew labor C$45/hr

Dredge with booster; balance of time, crew -
will consist of:

a. 1 dredgeman at C$ 12
b. 1 pump operator 10
c. 1 deckhand/oiler 7
d. 4 laborers C$6.50 26
Total crew labor C$55/hr

Average labor cost- first 50 weeks- 2 of time ‘
3 foreign dredgman= 148.33

say. C$ 149/hr
Average labor cost- balance of time 2/3 of time
w/o booster, 1/3 of time w/booster all local personnzl  48.33

eay €S 49/hr
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ALTERNATIVE II. ( Continued)

OPERATING CCST PER HOUR. (Continued) CORDORAS.
7. Diesel, Fuel oil, dredge - 49.71 at C$3.85 . 191 /hr
8. Diesel, Fuel oil, dredge + booster 84.4 gph at 3.85 25/h__1_:'_
9. Average cost of fuel- dredge only operating 2/3 of time
dredge + booster operating 1/3 of time C$235.66/hr 236/hr
10. 0il & grease, dredge + booster 14/hr
11. 0il & grease, dredge + booster 24/hr
12. Average cost o0il & grease- dredge only operating
2/3 of time, dredge + booster operating 1/3 of time
= C$17.33/hr . say, ' 18/hr
13. Repairs & maintenance- dredge only
a. Main engine CS 16
b. Dredge pump(wear parts) 40
€. Cutterhead, edges, bearing 4
d. Drives and winches 9
€. Hydraulics 7
f. Miscellaneous, items 13
g. Discharge pipeline &
accesories 164
h. Contingencies 43
Total C5296/hr
14. Repairs and maintenance - dredget+booster

a. Main engines 28
b. Pumps (wear parts) 81
c. Cutterhead 4
d. Drives & winches 11
e. Hydraulics 7
f. Misc. items 13
g. Discharge pipeline and
accesories 273
h. Contingencies 56

Total " C$473/hr
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ALTERNATIVE 1II. (Continued)

OPERATING COST PER HOUR. (Continued)

15. Average cost of repairs & maintenance- dredge
only operating 2/3 of time, dredge+booster
operating 1/3 of time. C$355/ hr

16. Total operating Cost per Hour (Avg)

a. With foreign dredgeman- first 50 weeks

Sum of Items 5,9,12,15 758 /hr
b. With all local personnel
Sum of items 6,9, 12, 15 658 /hr
COST OF LINE BOAT 300/shift
COST OF TUG ASSISTANCE ' 5,000/shift

UNIT COST OF DREDGING

1. Dredging Quantities
Refer to sheet 8 4,050,000 m3

2. Unit Cost Dredging Contractor Comparison

A+ December 1975 price —contractor refer to 3
sheet 8. C$ 15.50/m

b. Port Authority owned dredge feasible at C$ 10.00 3t
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ALTERNATIVE II. (Continued)

UNIT COSTS OF DREDGING. (Continued)
3. Dredge Construction.

3. 2~ 10hr chifts/day, 6 day week = 120hrs. 16,320 m> Ak
136 m3/hrx 120
éb Dredging Time
g
@ Corinto Phase T -1,028,000 + 16,320 = 63 wks
Corinto Phase II- 410,000 % 16,320 = 25 wks

Corinto Phase IIT 1,212,000 + 16,320= 75 wks
Two other ports- 1,400,000 + 16,320 = 86 wks
249 wks say, 250 wks

Port Expans

50 weeks - foreign dredgeman
200 weeks - all local personnel

20 year useful life = 1040 wks
Dredge operating: 250 = 1040= 24% of time




ALTERNATIVE II.

UNIT COSTS OF DREDGING.

{Continued)

(Continued)

5. Unit Cost- P.A. Dredge Model CS-2-16- 4,050,000 M

i,

Capital cost of dredge & booster pump, 1400™
of float pipe, 270 pontoons, 600™ of shore pipe
(sheet14 )

Install skids at 3 sites 3x100,000 (sheet 15)
Assembly Corinto Other Total

3 2x%2=4 7%6,000 !sheet 15)
Dissasembly 6x3.000 (sheet 15)
Haulage Potosi 65x2 trips = 130 kms (sheet 15)

S.J.del Sur 325x2= 650
780x2=1560 round trip
say 1600Kms at 2.300

Replace pipeline material - operating 5 years !
(sheet 14) Replace twice 2x5,437.845

Spare parts- 5 years operation including 1 set
at purchase of dredge 5x427.203 (sheets4 )

Operating costs
1. 50 weeks at 129x758 (sheet 18)=90.960/wks x 50
2. 200 wks at 120x658:=78,960/wk x 200

Idle time- 790 wks.
1. watchman 7 days x 24hrs x C$6.50/hr= 1,092/wk

2. maintenance crew 1-10hr day/wk, say 5,000
6.092x790

Line boat 250 wks x 12 shifts x 300 (sheetl8 )
Tug assistance , say 30 shifts x 5,000 (sheet 18)
TOTAL COST
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10,678,000
300,000

42,000
18,000

3,680,000

10,876,000

2,136,000

4,548,000
15,792,000

4,813,000
900,000
150,000

C$ 53,933,000

Unit Cost 53,933,000 =+ 4,050,000 =

s 13,32/
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ALTERNATIVE 1ITI. (Continued).

Unit Costs of Dredging. (Continued)

Dredge Quantity Required Model C-S-2-16 Dredge at Unit Cost of C$

% cs10.00°

A cost curve has been plotted and attached to this Appendix. To
operate the P. A. dredge Model C-S-2-16 at a unit cost of & Cs$10.00
M3, it will be necessary to dredge about 60% of the time. Based
on a useful life of 20 years, the dredge will operate 12 years, or
624 weeks.

Total quantity of dredging required: 624x16,320= 10,184.000 m3

Development of unit cost m3: CORDORAS
a. Capital costs 10,678.000
b. Install skids- 3 sites 300.000
C. Asseambly- Total 8x6000 48.000
d. Dissasembly Total 7x300 21.000
€. Haulage 50% more = 1.5x1600=2.400Km at 2.300 5,520.000
£. Replace pipe line 12vrs = 4.4
1 2.75

say 4 5> x 5.437.845 . 24,471.000
g. Spare "parts - 12 years x 427.203 5,127.000
h. Operating costs:

1. 50 wks x 90.960 4,548.000

2. 2.574 wks x 78.960 45,323.000
i. Idle time- 416 wks x 6,092 2,534.000
J. Line boat- 624x12x300 2,247.000
k. Tug assistance- A5 shifts x 5.000 325.000

Total Cost C$ 101,142.000

2. Unit Cost 101.142.000 & 10,184.000= C$993/h§ # CSlO.OO/m3

CONC™USION: For the Port Authority Model C-S- 7-16 with booster as
needel, to dredge approximately 2,650.000 M3 for the Port Fxpansion
at Co:into, at 1,400.00 m3 at other projected ports in Nicaragua,
the fredge would operate 24% of the useful life of 20 years, at a
't of C$13.32/m3 . In order to obtain a unit cost of *C$10.00/m3
it would " necessary to dredge about 60% of the itme, with a total
production of 10,200.000 m3, which is not present visualized.

NOTE: All costs are based on December 1975 prices, without escalation.
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" HOPPER DREDGE.

The bare cost of a new hopper dredge with pump-out capabilities
and a hold capacity of 4.000 cubic meters is approximately

US$ 30,000.000 ; or 210,900.000 cbrdobas, delivered at U.S.A.
shipyard.

Since this is a sea-going vessel with full ¢rew, and costly to
operate, it is not considered feasible for the Port Authority
to purchase a hopper dredge for the "limited"amount of material
to be removed.
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DIXIE DREDCE COUICIUPIC, Sheet D-1

OETAILED SPECIFICATIONS
TWENTY=-INCH PORTABLE DREDGE
MOCEL CS-3-20 SERIES 300

GENERAL ARRALGEMENT ( STANDARD)

cLONG RADUS DECHARGE ELEIW.

——

p T “““é)—.é):ﬂ—::.,_-_._‘.:il“e "_T'—';"”'?"v@
B = W T S

e T R R e
ITD = E%i e ' Eﬂb’ s —af?figgi

1 CONTROL CONSOLE -~

00 \sonms @ Ll . _:*_”

. e sreaves )
S <oz ponton] . AiZHERJGHTkMR}ES /”‘”""‘ME
GWTRY CONTROL. CASN =-
/
ENGRE COVPRRTNVENT n_  MGTORS
, REDUCER
\ “‘*‘rvﬂs—w-—ﬂ“’—*—:—*
0 YO e s e s 14 .
| | m::zfzg?
\\ // CUTTERHEAD
_PROFLE KEEL COOUNG LADDER
WEIGHT & UIMENSTONS (APPROXIMATE)
WGT . L W D CU/FT

sULt CEMTEE SECTION 160,000# 5C' (56.5') 12! (12") 6' (I11.5') 7794
CONTROL CARIN 3,000# o' (") 8.5' (9") 7' (10") 990
HULL SIDE <eCTION (EACH) 39,000# 70" (70') 8' (8") 6' (7') 3920
LADDEE ASSEMELY 45,000¢ 56 9! 7! 3528
LADDER A-FRAME 1'1,000# 18! ! 18! 3564
SPUD GANTRY 8,000# 8’ 10! 24 1920
SPUD%  (EACH) 8,500# 55! 24" 24" 220
M1 SCE LLANF 0116 20,0004
ASSEMBLED TOTAL 342,000# 26,076

DIMENGIONS IN PARENTHESES INCLUDE APPURTENANCES. CU/FT INDICATES APPROXIMATE
VOLUME FOR SHIPPING PURPOSES.

fwd. ORY aft fwd. WET aft

DRAFT 59" 27" 58" 40"
FREEBOARD 13" 45" 14" 32"



sheat D=2
CS-3-20

GENERAL

Thiu THenty-inch cutter suction dredge is designed for hydraulic dradging in é wide
rante of categories. |Its modern design has been thoroughly enginee-ad, using the
mosT recent technology in the dredging industry, to offer the cutomer:

outstandirg ccrponent reliabllity
sturdy construction

ease of operation

simplicity of mainienance
versatility

high degree of portability

PROCUCT ION CAPACITY

This dredje nas a production rate of from 320 o 1415 cubic yards per hour of medium
Tyoe materiai up to 10" in diameter, at discharge distances up to 6000 f+. depending
uporn the material and pumping conditions.

OREDGE PUMP

Tne dredge pump is a centrifugal, single suction, volute type, engineered for efficient
operation under a wide range of pumping conditions, It is a heavy duty dredge pump
constructed for -continuous dredging duty. DIXIE mounts the center iine of the dredge
pump at water level, thereby, lowering the center of gravity, substantially increasing
operating efficieicy and eliminating costly priming procedures. All wear parts are
available in a variety of abrasion resistant metal alloys, chemically compounded for
the individual job. Other features include: pump shaft of high strength steel designed
to withstand usual dredgirg cocnditions, heavy duty bearings for both radial and thrust
loads, and iateral impelier adjustment to compensate for wear, thus maintaining pumping
efficiency tnhroughout the life of the pump. Attached is a long radius discharge elbow
eglitowing free flow of materials to the discharge pipe.

The standard dredge pump has a 24" suction and 20" discharge with an impeller diameter
of 48".

PUMP DRIVE

The dredge pump is diesel driven through a totally enclosed, oil-lubricated, speed
reduction gearbox. This positive arive system, providing cirect engine shaft to pump
shaft power transmission, assures optimum utilization of available horsepower, minimum
maintenance and longer life. The standard reduction ratio is 2.462:1 with alternate
ratios available for differing pumping conditions. :
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IRz 0GE PULY DRIVE

The ¢roage pumy is driven by a Caterpiliar D-399 turbochargad and raw water attercou ey
diesol onglno with alr starting. This engine Is rated at 1125 continuous horsepower at
1200 R, .

AUXTLIARY ENGINE

The hyaroulic system, service water system, air compressor and generator are driven
by an electric starting Caterpiltlar D-343 turbocharged and aftercooled diesel engine
rated &t 390 intermittent horsepower at 1800 RPM,

NOTc: Alternate main and auxillary diesel power, or other power systems, are
avallable as an option; additional cost, If any, to be determined according
to power preference.

COOLING SYSTEM

The aiesel engines are keel cooled to provide engine cooling by transference of heat
to the body of water in which +he dredge Is working. Heat exchangers are available
as a regular production option according to customer preference.

SHUTDOWN SYSTEM

The diesel erglnes are equipped with automatic shutdowns in case of low ol!l pressure,
high water temperature or engine overspeed.

AUXILIARY WATER PUMP

This pump supplies fresh wate- for the dredge pump packing gland, cutter shaft cut-
less bearings and is a source of water for general malintenance.

HAULING & HOISTING MACHINERY

The dredge is equipped with a S5-drum DIXIE Mode! V5D-22 winch, specifically designed
for dredging service, arranged with the two swing drums and ladder drum on the
forward shaft and the two spud drums on the aft shaft. Each drum Is individually
controllea by air clutches and brakes, automatically energized in the case of a
power failure. All bearings are of the anti-friction type. Shafts are gear driven
by a single, low speed, high torque hydraulic motor wit+h variable speed conirol.

SWING DRUMS LADDER DRUM SPUD DRUMS
line pull rating (max.) 22,0004 22,000# 15,800#
line pull rating (working) 17,800# 16, 500# i1,900#
virs rope size 3/4" 3/4" 3/4"
drum barrel diameter ' 13" 18" 13"

wire rope capacity 500! 400! 175¢



CAIN HLLL CENTER SECTION Sheet U-4

This mair section (500 Jorg o 12! wide x 6 deer) houses all of the mair machinery
anc s *rarggortes intant, 1+ 145 sturdily constructed of appropriately speced heavy
ngle crarysierse framirg with /8" end piates, 1/4" bottom plate and 1/4" side plates.

facTlitete el ot man factyee, ascert!y and mainterance. Additional bracirg is
LPOVIdRY 1t are2y Sucr ag 3pud gartry, a-frame mounting and ladder trunr.eo-s,

UL ntructLm) wors g ik comfarmance oith s*andard barge construction. Aadi*icral
TRPtLT oy L strenate L gegvided by Yhe addition of kecl cooling channels.
Teewrg Totuetinn genr and turp ' mcunted on a modular foundation which

sha Ll TCTIONS
Tha ~yll -i%e sectiors are each 70! long (one 40' section and one 30' section),

4! wige ant €' daer for sortatility curposes. These side sections each have *tree
watertisre cormgartrer+s ysed for fuel storage and ballast. These side sections are
2ncembled *- *re hull center section by boltirg at deck level anc ty an overlapgping
»i0* arrangerwrt at the bottom. This method of connection permits pontoon resosi-
“ioning for *-im purposes if the original ladder length is varied.

* se~lly ¢t the zerple*e hull by the above method is a DIXIE exclusive, anrd coes not
require any toltirg below water level.

CREDGING LADGER

Tre dredging ladder is ruggedly constructed of fabricated structural steel designed
Tc withstand the s*resses and impact of continuous dredging duty. The trurnior ends
~ave 8" pins for lasting durabllity. The suction pipe Is 24" 0.D., 1/2" wall,
suspended within tre structure of the ladder by u-boits and may be rotated or
without involving altering the structure of the ladder. A specially designed, re-
wall steel sucticr tellmouth is provided at the suction opening. Bronze bushed
Grease lubricated 24" dtiameter swing sheaves are positioned for the most effective
cizging force. The cutter drive is located at the forward end of the ladder

more weight on *+he working erd, eliminating long shafting and bearings.

VARIABLE LENGTH

The ladder can be engineered with provisions for lengthening, In the field, by the
insertior of an optional extenslon section. Extensions of up to 30 feet may be
addec without the necessity of further structural changes. When the ladder length
is increased, the DIXIE design permits repcsitioning of the hull side sections, if
necessary, to maintain proper trim. In some cases, additional flotation may be
required,

Tre digging angle of the cutter may be varied, If desired, by the insertion of an
optional wedge piece In the ladder.

BEST AvAlABLE copy
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HYDRA=-DRIVE CUTTERHEAD ASSENMBLY

Tho short shaft, undoruater cuttor drivo was orliginated by DIXIE. This concept has

ccn englncored and rofinocd by DIXIE engingers for over 20 years. The drodgo Is
cgulppod with 8 Hydro-Drivo unlt rotod ot 36,400 ft. Ibs. torquoe with a maximum speed
of 26 RPM as stondard. Highar torque units arc avallable as a rocgular production
cpvion cecording fo Job roquirciionts,

Tho Hydra-Drivo unit Is poworod by two hydraulic motors driving tho cuttorhoed through
o hoovy duty, totally enclosed gearbox. A speclal seal Is used for sealing the

output shart agalinst oxterior contamination. The 5" cutter shaft is fltted with
bronzo slooves turning in water-lubricated cutless bearings. A heavy duty 5 cr €
blado 46" 1.0, basket typo cutterhead is equipped with replaceable serrated eages.,
Ovhor odgos aro avallable In a variety of designs for different materials.

HYDRAULIC OIL SYSTEM

The hydraullc oll system Incorporates three Independent clrcuits controlling the
cutier drive, winch drive and spud movement. The pumps are direct driven by the
diesel engine through enclosed gearing. Only highest grade industrial hydraulic
hose, valves and fittings are used. A dual filtering system consisting of suction
line external filters wlth magnetic rods and return Iine external canister type
filters Is used. This system utllizes telltale gauges to indicate when fllters

need cleaning or replacing. Pressure relief valves in each system prevent damage
due to overlaod or stalling and gauges in the control console Indicate the pressures
of each system being used.

ELECTRICAL SYSTEM

A DC electrical system is provided for starting the diesel engine. An adequate AC
generating unit provides electrical power for internal and external lighting,
convenience outlets, small tool operation, etc. All wiring is protected by armored
Jjacketing or condult. All fixtures and switches are of marine grade.

ELEVATED CONTROL CABIN

The control cabin Is an Independent compartment of modular design, elevated for
uncbstructed 360° visiblility, carefully planned for one-man operation. Speclal
design consideration has been devoted to reducing operator fatigue while maintaining
operating efficiency. Opening front and side windows with screens are provided to
allow cross flow ventiiation. The forward is raked tc reduce reflected glare and
improve visibillty in foul weather. The rear non-opening window |s also raked. Al
glass Is tinted. Locking doors, a fully adjustable operator's seat, dome |ights and
convenience storage shelves are bullt in as standard equipment.



MODULAR CONSTRUCT 1GN

Modular dosign maons stondardization of machinery components resulting In substantial Iy
Incroascd avallabl ity of models, Interchangeabi!|ity of many major components and
Incroascd simplicity of assembly and disassembly.

PAINTING

All DIXIE DREDGES are palnted according to a carefully planned painting schedule,
doslignod for durabllity and minlmum maintenance. Steel surfaces are appropriately
proparod for painting by sandblasting, chomical treatmont or power buffing. Exterlor
hull surtacos of both contor and sido soctions are glven a heavy coat of solf priming
expoxy tar. Tho ongine compartmant and control room, exterior and Interior, are given
8 coat of rod load primar and a finish coat of marine grade enamsi. The tadder,
tramas, spuds, walkways and docks recolve a coat of red lead primer and finish coat
of marine grade hull black enamal.

PoOLICY

It is the policy of DIXIE DREDGE CORPORATION to continually strive to Improve Its
product design. Accordingly, we reserve the right to change these specifications
to Incorporate any such Improvements that may be developed prior to the time of
manufacture.

ASSEMBLY & CREW TRAINING

DIXIE DREDGE provides a thoroughly qualified field engineer to supervise and assist

In the assembly and launching of the dredge at the Jobsite, and, thereafter, to traln
the owner's personne!l In the proper operation and maintenance of the machine +o assure
maximum production, minimum downtime.

AUXTLIARY EQUIPMENT (STANDARD)
The following items of auxilliary equipment are standard on the model :

110/220 volt electrical system with interior and exterior ITghting
J1b crane mounted on side section for pump maintenance

wire rope - all necessary for hauling and holsting operation

two anchors, 750 Ibs. each

batteries

speclal watertight hatches in side sections

chaln type safety handralls on side sections



AURILIARY EQUIFCENT (CPTIOUAL)

o folicuing I¥cmo of ceeossory cquiprant are avallablo on this modal 3

stondby ouwil tlory gonorotor
speclol ou?oldo Vightling, ccorchlight, identiflcation I 1ghts, etc.
Insulotod control recm with clr condltionor and/or heater

raus flow tzasurlng cqulpront
voecuen ond dlochorgo prossuroc rocordor

redlo-positicalng cquipront

bottch proflling cqulpnont
(Jeinth Talols}

taddor oxtonslon

vonturl tuln hydra-jot suctlon boost

dleehargd ¢lop valvo
dischorgo storn sulvol

dlschargs hoso
x~mos trco (3-ulro storn positioning system)

anchor booms and rigging

coast guard documontations
A.B.S. Inspoction - To Inspect dredge for contract conformance

safoty oqulpmont, 1ifo presei-vers, etc.

bllgo ond flrc pump
spoclal tools

gheot D=3

A spoclal eloctric vorslon of this dredge Is avallable with the following:

electric prima powor
dual-stator drivo electric winches
ELECTROVATOR, submarline electrlic cutterhead and dredgs pump drives

PERFORMANCE GEOMETRY

Ladder Hull Side Sectlons Ladder Inclined
Length Dimanslions 0° |50 30° 45°
L W D B A B A B A B
50! 70! 8! 6' | 150 I3' [ 146" (26" [ 139" | 36' | 127"
60' 80! 8! 6' | 164" 16' | 160" [31' | 151" | 43" | 137"
70! 85! 8' 6' | 178 18' | 173" [36' | 163" | 50' | 147"
80' 85" 8! 6' ! 192" 21" | 187" 41" [ 176" | 57* | 157"

A = Dopth @ Laddor Angle

B = Swing Range @ Glven Ladder Angle and Depth



ESTIMATED PRODUCTION CHART Sheet D-9
€5<3-20 |

20 x 24 DREDGE PUNP
48" [|MPELLER
TOTAL CONTINUOUS BHP, AVAILABLE, 1125
20" DIAMETER DISCHARGE PIPE, 10" STATIC HEAD

2.462:1 RATIO
CUBIC YARDS PER HOUR
01 SCHARGE BHP MATERIALS
DISTANCE SLURRY  VELOCITY  ENGINE REQUIRED A B c
FEET GPM FPS SPEED (NOMINAL)  LIGHT MEDIUM  COARSE
500 21,000 23.3 927 791 1470/1615  1285/1415 1105/1210
1000 18,250 20.3 980 845 1160/1275  995/1090  825/905
1500 16,500 18.3 1026 890  950/1045  795/875  645/705
2000 15,500 17.3 1061 931  845/930 705/770  560/610
2500 15,200 17.0 1107 1033 825/910 685/735  550/600
3000 14,100 15.7 130 1059  710/775 585/640  460/500
3500 13,400 14.9 1093 1040 570/630 470/520  335/375
4000 12,900 14,3 o 1075 s520/575 430/475  305/335
4500 12,300 13.7 1120 1085 470/520 385/430  270/300
5000 11,900 13.2 1125 1085  435/480 355/395  240/265
5500 11,200 12.5 1125 1085  380/420 320/350
6000 10,500 1.7 1125 1085 330/370

PRODUCTION ESTIMATES
A - BASED ON |1-23% SOLIDS BY VOLUME
B ~ BASED ON 10-21% SOLIDS BY VOLUME
C - BASED ON 9-17% SOLIDS BY VOLUME

THIS PERFORMANCE DATA RESULTED FROM CONTROLLED TESTS AND CALCULATIONS CONDUCTED BY
PERSONNEL OF DIXIE, AND, IN PART, REPRESENTS REASONABLE EXTRAPOLATIONS FROM THE TEST
RESULTS. THIS DATA IS NOT, AND SHOULD NOT BE CONSTRUED TO BE, A WARRANTY OR GUARANTY
THAT THE DIXIE DREDGE TO BE SOLD HEREUNDER WILL PERFORM AS HEREIN INDICATED., DIXIE '
CAUTIONS THAT MATERIALS DREDGED FREQUENTLY VARY ‘SUBSTANTIALLY FROM SAMPLE TEST RESULTS.
MQREOV%R,C;HE SKILL OF THE OPERATING PERSONNEL OF THE DREDGE PLAY A SUSSTANTIAL ROLE IN
V7S PRODUCTION. ‘ S



DIXIE DREDGE CORPORATION. SHont De10

GLEIe

RECOITIENDED SPARE PARTS LIST FOR DIXIE FODEL CS=3-20 FOR ONE (1) YEAR'S OPERATION

DREDGE PUMP

QUANT ITY

DESCRIPTION

She" s 00000000 Ill..l...l.'l‘l......Ol..'.'..‘.l.ll‘.

Impeller ..... ‘e

Suction Side Liner ....

Engine Side Liner c.o-n0....0.000.00...looooano-o-o.o.

Shaft Sleeve ....

\vafer R'ng ol'o!...lnll....l'l.....l.lll.l.....l.l....
Copper Washer ..

Sef Of Rubber, Pack'ng LA A B A R A N N A N N} 5 0680600080020
Door Seals (Rubber) LA B I B R N R B N N ) 0000000 e ¢ e 000
Box of Packing ..

TOTAL

I'l. HYDRAULIC EQUIPMENT

QUANT ITY

DESCRIPTION

|

Hydraulic Pump, Swing and Spuds R T T T T S
Seal Kit for Swing and Spud PUMD iiiiiiiii e
Hydraulic Pump, Cutter S e eeece et e a0 s tesaness s
Seal Kit for Cutter Pump T N T
Hydraul ic Motor, Cutter D
Seal Kit for Cutter Motor T
Return Line Filter Elements ..viveevseveeeeveennennnn.
Suction Line Filter Elements ...vvvevvenenernenenennss

HYdf'aU“C PI"GSSUFG GaugeS, 0-3000# N RN

TOTAL

.noooo.tocco'o‘ootoiottoolououoco.nln

PRICE

$20,654.00
6,144.,00
4,478.00
3,415.00
980 .00
514.00
168.00
90.00
51.00

119,00

$36,613.00

PRICE

$ 678,00
9.00
678.00
9.00
3,170.00
97.00
210.00
81.00

156..00
. $ 5,088.00


http:5,088.00
http:36,613.00
http:3,415.00
http:4,478.00
http:6,144.00
http:20,654.00

Shoat B=13

Racemmanded Spare Parts List for CIXIE Model CS-3-20 for One (1) vear's Operation
Pago 2 :

111, CUTTER AND CUTTER DRIVF EQUIPMENT

QUANT I TY BESCRIPT 10N PRICE
' Cufferhead ............... S0P 00000000000 LU R Y B Ry L ) s 5'650‘00
|2 Cuffer Edges' Top lllll % 00 05500 800000 LI ] * o 20000800 LN ) 5'6.00
'2 Cu?fer Edgos' Bo**om 0 e s s 00000 ® 00000000 ¢ 6 ¢ 00000000 LN B I ) 444.00
' S*ar Coup‘ ing ....... LI I B l....I......C..CI...‘........ "229.00
l Cuf.fer f;haff lllllllllllll o 00000000 L B I Y LB B I I Y . 2. |46.00
2 Cutless Bearings ER I 972.00
2 Bronze Sleeves for Cutter Shaft Sttt it eeea, 381.00

TOTAL $11,368.00

IV. SERVICE WATER PUMP

QUANT I TY DESCRIPTION PRICE

! Repair Kit consisting of the following: .......v...... $ 996.00

(1) Impeller
(1) Shat+

(1) Shaft Sleeve

(1) Gasket

(1) Impeller Cap Screw
(1) Washer

(1) Gasket

(1) Gasket 0-Ring

(1) Impeller

(1) Gasket

(1) Set of Packing (6 Rings/Set)

2 Sets of Drive Belts (2 Belts/Set) ettt ettt et ennens 48.00
TOTAL $ 1,044.00


http:1,044.00
http:11,368.00
http:1,229.00
http:5,660.00

Pecomranday

Paze 3

Yo MMECELLANEGUS

QUANT ITY

OESCRIPTION
Suction HOSO, 24" A L I S
[)ischarge F.'b’JW, 20" ooooooooooooooooo s es 000 000000000
Coupling flement, Reducer to Dredge Pump ....veeeennns
Set of Clutch Friction Plates ..... Certeereerenee Ceeene
Swing Shwave Block Repair Kits each consisting of: ...
(1) Sneave Assembly

(1Y Bushing

(1" Sleeve

(2) Adjusting Caps

(2) Piston Ring Grease Seals
(1) Center Pin w/Nut

Suc*'on VaCUUm Gauge, 0-30" L I R O N I I I N N N A S S TR R Y

DiSCharge PreSSUFe Gauge, 0"60# L N N N NN RN
Sets of Drive Belts for AC Generator (3 Belts/Set) ...

TOTAL

Vi. HAULING GEAR

QUANTITY
|

DESCRIPTION

Ladder Drum Brake Drum N
SPring viviiiiii i, R
Brake Chamber (Ladder) .uiiveieveeesesseseossesoncnnes
Brake Chamber (ANChOr) ..iiuevevieveneonsnneennronnns,
Shuttle Valve .u.iiiiiiisenieenneesnoeonseonceconnnnns
Quick Release Valve et sees st arenseeses s esesranene s
ROTO Seal .\ttt iiitiieenienesnsesncnnssennnsens

DUO RO'fO Seal R R A I A T R R I P,

TOTAL

GRAND TOTAL

Shest pw12

spare Farts List for DIXIE Mo's1 (5-3-20 for One (1) Year's Oparation

PRICE

$ 5,656.00
4,849,00
366.00
705.00

943.00

47,00
47.00

75.00

$12,688.00
PRICE

$ 310,00

25.00

216.00

129.00

18.00

18.00

- 95,00

153,00

% 964.00

$67,765.00


http:67,765.00
http:12,688.00
http:20"'48.90
http:5,656.00

DIXIE DREDGE CORPORATION. Sheet D-13
DETALLED SPEC.FICATIONS

SIXTEEN=INCH PORTARLY WI0G:
Yuote CL=Z2=-16 SERIES 200

woiee AL me R T MR L TANTAKD)

AT [LONG FAS CSTARGE ELBOW

. CUTTER SHA'T
HYD norork\l& CU"“ S
—r'\'
- LAII)U
BRAE . \gr coouns
ASIGHT & DIMENSIONS (APPROXIMATE)
WGT. L W o] - CU/fT
hutt CENTL SECTION 92,9004 40" (45") 10 (10") 51 (12") 5400
CONTROL CA.in 23,0004 ior (") 8.5 (9'y 7' (i0") 299
HULL SIDE SecCTiON (EACH) 18,000# 55! (55') 5' (51) 5' (5,5'") 1513
LADOER ASSCMBLY 20,000¢# 35! 9! . 3.5 1103
LADDER A-rHAME 3,000#4 i7' il I 187
SPUD GANTRY 4,0004# e jo! 14! 700
SPUDS (EACH) 3, 300# 33 8" 18" 75
M} SCELLANEGUS 14,0004
ASSEMBLED TOTAL 179,500# »956

DIMENSIONS IN PARENTHESZS INCLUDE APPURTENANCES. CU/FT INDICATES APPROXIMATE
VOLUME FOR SHIPPING FURPOSES.

ywd, ORY aft fwd. WET aft

ORAFT 39" 33" 43" 424
FREEBOARD 21" 27" 17" rg"
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GENERAL

This sixtcon-inch cuty r suction dredge Is dosigned for hydraulic drodging in a wide
rongd ot categorles. ITs modern dosign has bcon thoroughly onglnceored, using the
rmost recent technology In the dredging industry, to offor tho custemar:

outstanding ccuponent roliabllity
sturdy consiruction

easoe of oporation

simpliclty of maintonance
versatility

high degree of portabillty

PRODUCTION CAPACITY

This dredgo has a production rate of from 165 to 885 cubic yards per hour of medium
type matorial up to 8" in dlameter, at discharge distances up to 4500 ft. depanding
upon the material and pump..ag conditions.

DREDEE PUN,

The drodge pump 1s a centrifugal, single suction, volute type, engineered for efficient
operation undor a wide range of pumping conditions. |t Is a heavy duty dredge pump
constructed for continuous dredging duty. DIXIE mounts ‘he center |ine of the dredge
pump at water love!, thereby, lowering the center of gravity. substantially Increasing
oporating officloncy and eliminating costly priming procedures. All wear par{s are
avallabla In a varloty of abrasion rosistant motal alloys, chemically compoundod for
tho Individual jJob. Other features Include: pump shaft of high strength csteel designed
to withstund usuval dredging conditlons, hoavy duty beorings for both radial and thrust
loads, and latorai Impaller adjustmont to componsate for wear, thus maintalining pumping
offélclioncy throughout the life of the pump. Attached is a long radius discharge elbow
allowing frea flow of materials to the dlischarga plipe.

Tho standard dredge pump has an |8" suction and 16" discharge with an impel!er diameter
of 40".

FUNP DRIVE

Tho dredge pump is driven through a timing gear belt drive. This positive drive system,
providing dlrect engine shaft to pump shaft power transmission, assures optimum utili-
zotlon of avallable horsopower, minimum maintenance and longer ilfe. Tihe standard
rcductlion ratio Is 3.26:1 with alternate ratios available for differing pumping condi-
tliens.



Ehozt Belb
OREDCE PUMP ENGINE

Tho drodgd pusp 1s driven by a palr of Caferplllar D-343 tfurbocharged and Jackot wator
oft urCﬁoled dlesol englnos with electric starting. These engines aro cach rated ate

335 eontlinuaus horsepowor at 1800 RPM,

AUTLIARY ENGINE

Tho hydroullc system, service water system and generator are driven by an electric
storting Catorplllar 3306 turbocharged and aftercooled dliescl engine rated at 215
Invoralticnt horsopouor at 1800 RPM.

NOTE: Altornate maln and auxillary diesal power, or other power systems, are
avallablo as an option; additional cost, if any, to be determined according

t¢ power proforonca.

COOLING SYSTEM

The dlesel englines are keel cooled to provide erigine cooling by transference of heat
to the body of water In which the dreZge Is working. Heat exchangers are avallable
as a rogular production option oczording to customer preference.

SHUTDOWN SYSTEM

The diese! onglines are equipped with automatic shutdowns in case of low oll pressure,
high vater temperature or engine overspeed.

AUXILIARY WATER PUMP

This pump supplies fresh water for the dredge pump packing gland, cutter shaft cut-
less bearings and Is a source of water for genera! dredge maintenance.

HAULING & HOISTING MACHINERY

The drodge !s equipped with thrae hydraulic planetary gear winches, specifically
designed for dredging service. Each drum is Individually controlled by automatic
Intornal clutches and brakes. These are activated by the hydraulic control valves
on the control console. The brake i1s automatically energized in the case of a power
failura. All bearings are of the anti-friction type. Each winch 13 gesar driven by
a singlo, low speed, high torque hydraullc motor with variable speed control.

Tho spuds aro oporated by the use of separate hydraulic cylinders each rated at
42,400 pounds |ift.

SWING DRUMS LADDER DRUM SPUD CYL INDERS
Iino pull rating 18,000# 15,000¥ o
wlre repo slzo 3/4" 5/8" - 3/4"
drum barrol dliamoter g" 8"

wlro rope capaclty 300" 300! o 65'



Shoet D-16
MAIN HULL CENTER SECTION

This maln scction (40' long x 10" wide x 5' deep) houses all of the maln machlnery
and Is transportod Intact. It Is sturdily constructed of approsriately spaced hcavy
angle transversoe froming with 1/2" end plates, 1/4" bottom plata and 1/4" side plate
All structrual work Is In conformance with standard barge construction. Additlonal
longitudinal hull strongth is provided bv the addition of the keol coolling channols.
Tho dredgo pump, onglno and reduction goar are supported by an Integral fabricated
steol foundation rigidly attachaed to the bottom transverse framing. Additional
bracing Is providod at arcas of concentrated loads such as spud gantry, a-frame
mounting and laddor trunnions,

HULL SIDE SECTIONS

The hul! slido soctions are each 55' long, 5' wide and 5' deep for portabiliity purpos
These sido soctlons cach have four watertight compartments used tor fuel storage and
bullast. Thoso sldo sections ere assembled to the hull center section iy bolting at
deck level and by en overlapping slot arrangement at the bottom. Thls method of:
connectlon pormits pontoon repositioning for trim purposes if the original ladde-
length Is varled.

Assembly of the complete huli by the above method is a DIXIE exclusive, and does not
requlire any bolting below water level.

DREDGING LADDER

The dredging ladder Is ruggedly constructed of fabricated structural steel designed
to withstand the stresses and impact of continuous dredging duty. The trunnion ends
have 8" pins for lasting durability. The suctlion pipe is 18" 0.D., 1/2" wall,
suspended within the structure of the ladder by u-bolts and may be rotated or
replaced without altering the structure of the ladder. A specially deslgned,
replaceable hoavy wall steel suction bellmouth Is provided at the suction opening.
Bronze bushed grease lubricated 20" d!ameter swing sheaves are positioned for the
most effectlive digging force. The cutter drive Is located at the forward end of

the ladder piacing more weight on the wcrking end, eliminating long shafting and
bearings.

VARIABLE LENGTH

The ladder can be englineered witn provisions for lengthening, in the field, by the
Insertion of an optional extension section. Extensions of up to 40 feet may be
added wlthout the necessity of further structural changes. When the ladder length
Is increased, the DIXIE design permits repositioning of the hull side sections, if
necessary, to maintain proper trim. |In soma cases, additional flotation may be
required.

The dlgging angle of the cutter may be varied, if desired, by the insertion of an
cptlonal wedge plece In the ladder.
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HYDRA-DRIVE CUTTERHEAD ASSEMBLY

The short shaft, undorwater cutter drive was originated by DIXIE. This concopt has
been engincored and refined by DIXIE engineers for over 20 years. Tho dredgo is
equippod with a Hydra-Drive unit rated at 17,506 ft. Ibs. torqué with a maximum speed
of 30 RPM as stendard. Higher torque units are avallable as a regular production
optlion according to Job roquiremonts.

The Hydra-Drivo unit Is powered by a hydraulic motor driving the cutterhoad through a
heavy duty, totally onclosed gearbox. A spucial seal is used for sealing the output
shaft agalnst exterior contamination. The 4 |/2" cutter shaft is fitted with bronze
sleoves turning in water-lubricated cutless bearings. A heavy duty 5 or 6 blade, 38"
I.D. basket type cutterhead Is equipped with replaceable offset serrated edges. Other
edges are available In a variety of designs for different materiats.

HYDRAULIC OIL SYSTEM

The hydraulic oil system incorporates three independent circuits controlling the
cutter drive, winch drive and spud cylinders. The pumps are direct driven by the
dlese! engine through enclosed gearing. Only highest grade industrial hydraulic
hose, valves and flttings are used. A aual filtering system consisting of sucticn
Iine external filters with magnetic rods and return line external canister tfype
filters Is used. Thls system utllizes telltale gauges to indicate when filters need
cleaning or replacing. Pressure relief valves in each system prevent damage due to
overload or stalling and gauges in the control console indicate pressures of each
system belng used.

ELECTRICAL SYSTEM

A DC electrical system Is provided for starting the diesel system. An adequate AC
generating unit provides electrical power for internal and external lighting,
convenience outlets, small tool operation, etc. All wiring Is protected by armored
jacketling or condult. All fixtures and switches are of marine grade.

CONTROL CABIN

The control cabin is an independent compartment with unobstructed 360° visibility,
carefully planned for one-man operation. Special design consideration has been
devoted to reducing operator fatigue while maintaining operating efficliency. Opening
front and side windows with screens are provided to allow cross flow ventilation. The
forward Is raked to reduce reflected glare and improve visibility in foul weather.

The rear non-opening window is also raked. All glass is tinted. Locking doors, a
fully adusiable operator's seat, dome lights and convenience storage shelves are built
In as standard equipment.
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OFERATING CONTROLS

Tho DIXIE confrol console Is engineered to provide the operator total utilization of
+he machinery at his command. The careful ly arranged combination of positive control
lovers including vacuum and discharge gauges, hydraul ic and water pressures and- al |
engino monltoring gauges are designed for maximum operator accessibility. Variable
spead controis for tho cutter and swing functions and engine throttio and clutch

controls arc Incorporated In the console.

ENGINE DECKHOUSE

The deckhouso is deslgned to provide shelter for the machinery agalnst the elements
and as security agalnst vandalism or theft. The dackhouse is sturdlly constructed
of hoavy gage steel plate and provided with sliding windows with locks and screens
to provide ventilation and forms an integral part of the hull structure for max I mum
portablity. Roof sections with skyllghts are individually removable for major
malntenance.

SPUDS

Two heavy-wall tubular steel spuds (18" dia. x 33' |ong are standard) of suitable
strength for the designed dredging depth are furnished. Each spud iIs fitted with a
specially designed cast steel point for better penetration and positive holding In
hard materials ard for reduced resistance when |ifting. Heavy-wall positioning holes,
aporopriately spaced, and cross plns are provided with sliding side Ilft collars
activated by wire rope haulage, remotely controlled trom the lever room. Spuds are
sot by free-fall control to facillitate setting and maximum penetration. The spuds
are actuated by heavy-duty hydraullc cylinders.

FRAMES & RIGGING

The ladder a-frame/gallows frame, and the spud frame, are fabricated from heavy ,
structural steel, pin connected through cast steel brackets for portability. Deck
brackets are mounted on heavy, reinforcing plate. Ladder and spud lifting blocks
are of dlamond pattern construction with lubricated bronze bushing.

PORTABILITY

DIXIE DREDGE originated the concept of a standard model portable dredge and was a
pioneer In the development of this important construction tool. Top engineering
priority Is given to maintaining maximum portablility of design consistent with sound
construction. Modern design and engineering practice eliminates unnecessary welight
and assures ample strength.
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MODULAR CONSTRUCT ION

Modular design means standardization of machinery components resulting in substantially
Increased avaltablility of models, interchangeabliiity of many major components and
incroased simpliclity of assembly and disassembly. .

PAINT ING

All DIXIE DREDGES are painted according to a carefully planned painting schedule,
desligned for durablility and minimum maintenance. Steel surfices are appropriately
preparoed for palnting by sandblasting, chenilcal treatment or power buffing. Exterior
hul | surfaces of both center and side sections are given a heavy coat of self priming
epoxy tar. The engine compartment and control room, exterlor and Interlor, are given
a coat of red lead primer and a finish coat of marine grade enamel. The ladder,
frames, spuds, walkways and decks receive a coat of red lead primer and finish coat
of marine grade hull black enamel.

POLICY

I+ Is the pollcy of DIXIE DREDGE CORPORATION to continually strive to improve its
product design. Accordingly, we reserve the right to change these specifications
to incorpcrate any such Improvements that may be developed prior to the time of

manutacture.

ASSEMBLY & CREW TRAINING

DIXIE DREDGE provides a thoroughly qualified field engineer to supervise and assist

in the assembly and launching of the dredge at the jobsite, and, thereafter, to train
the owner's personnel In the proper operation and maintenance of the machine to assure
maximum production, min'mum downtime.

AUX!LIARY EQUIPMENT (STANDARD)
The following Items of auxiliary equipment are standard on this model:

110/220 volt electrical system with interior and exterior iighting
jIb crane mounted on side section for pump maintenance

wire rope - all necessary for hauling and hoisting operation

two anchors, 750 |bs. each ‘

batteries

speclal watertight hatches In side sections

chaln type safety handrails on side sections



AUXILIARY EQUIRMENT (CPTIONAL) ghest D-20

The following l4cms of accossory equlipment are avalleble on +his model:

stendby ouxilliary gonorater

spocial outsl.c ilghting, scarchilght, ldontification l1ghts, etc.
Insulatod control rcom wlth alr conditlioner and/or heater

mass fiow moasurlng cquipmont

vacuun ond dlechargo prossuro rocorder

radlo-poslticnlng equlpront

bottom profiilng cqulpmont

compass

‘addor oxtonstion

ventur! tuln hydra-jot suctlon boost

dischargo flcp valve

dischargo storn sulvol

dischargo hoso

x-mas treo (3-wiro storn positioning system)

anchor booms and riggling

coast guord documontations

A.B.S. Inspectlon - To Inspect dredges for contract conformance
safety oquipmont, |lifo preservers, otc.

bilge and flro pump

speclal tools

A speclal electric version of this dredge is avallable with the following:

electric primo power
dual-stator drive electric winches
ELECTROVATOR, submarine electric cutterhead and dredge pump drives

PERFORMANCE GEOMETRY

Ladder Hull Slde Sections Ladder inclined
Length Dimenslons
0° 15° 30° 45°
L ] D B A B A B A B
30' 55! 5! 5' | 107! g' |105' | 15" | 101" | 22' | 94!
40! 60" 51 s L2 | e foer | 200 |3t | 29t [i0ar
50! 65' 5! 5' | 136! 13 |133" | 25" | 125' | 36' |114!
60! 75! 5! 5' | 149! I6' |146' | 30' | 138" | 43' [ 124!
70! AN 6' 5' | 163! 18" {160* | 34' | 150" | 50' | 134!

A = Dopth € Ladder Angle B = Swing Range @ Given Ladder Angle end Depth
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ESTIMATED PRODUCTION CHART
CS-2-16

16 x 18 DREDGE PUMP
40" IMPELLER
TOTAL CONTINUOUS BHP, AVAILABLE, 670
16" DIAMETER DISCHARGE PIPE, 10' STATIC HEAD

3.26:1 RATIO
) CUBIC YARDS PER HOUR
)1 SCHARGE - BHP : MATERIALS
JISTANCE SLURRY VELOCITY ENGINE REQUIRED A B C
FEel _GPM__ FPS SPEED (NOMINAL) L /GHT MEDIUM  COARSE
500 13,500 23.7 1500 562 905/1005 800/885 665/735
1000 11,500 20.2 1590 580 690/760 595/660 480/530
1500 10,500 18.5 1701 630 585/645 490/540 380/420
2000 9600 16.7 1731 638 475/525  390/430 290/320
2500 8500 14.9 1744 640 360/400  300/330 215/240
3000 8100 14.2 1779 660 320/355 270/300 190/210
3500 7500 13.2 18C0 670 270/300 230/255 155/170
4000 7100 12.5 1800 670 240/2¢5 200/220 140/150
4500 6600 1.5 1800 660 205/230 165/185
5000 6350 i1.0 1800 650 185/205

PRODUCTION ESTIMATES

A - BASED ON |1-23% SOLIDS BY VOLUME
B ~ BASED ON 10-21f SOLIDS BY VOLUME

C - BASED ON 7-17% SOLIDS BY VOLUME

THIS PERFORMANCE DATA RESULTED FROM CONTROLLED. TESTS AND CALCULATIONS CONDUCTED BY
PERSONNEL OF DIXIE, AND, IN PART, REPRESENTS REASONABLE EXTRAPOLATIONS FROM THE TEST
RESULTS. THIS DATA IS NOT, AND SHOULD NOT BE CONSTRUED TO BE, A WARRANTY OR GUARANTY
THAT THE DIXIE DREDGE TO BE SOLD HEREUNDER WiLL PERFORM AS HEREIN INDICATED. DIXIE
CAUTIONS THAT MATERIALS DREDGED FREQUENTLY VARY SUBSTANTIALLY FROM SAMPLE TEST RESULTS.
: ?RLGVER THE SKILL OF THE OPERATING PERSONNEL OF THE DREDGE PLAY A SUBSTANTIAL ROLE IN
ITS FRODUCTION.



DIXIE DREDGE, CORPORATION. ‘ - Sheet D-22.
SiXTEEN-INCH, SERIES 200, BOOSTER STATION |

GENERAL

This sixteen-Inch booster statlon Is designed for use when additional discharge
length Is required In a light range of materials. |ts modern design has been
thoroughly engineered, using the must recent technology in the dredging industry.

OREDGE PUMP

The dredge pump s a centrifugal, single suctlion, volute type, engineered for
effliclent operation under a wide range of pumping conditions. |t is a heavy
duty dredge pump constructed for continuous dredging duty. All wear parts are
avallable in a varlety of abrasion resistant meta! alloys, chemically compounded
for the Individual job. Other features Include: pump shaft of hligh strength
stee! designed to withstand usual dredging conditions, heavy duty bearings for
both radial and thrust loads, thus malintalning pumping efficiency throughout the
life of the pump.

The standard dredge pump has an 18" suction and 16" discharge with an impeiler
diameter of 40",

PUMP DRIVE

The dredge pump Is diesel driven through a totally enclosed, oll-lubricated, speed
reduction gearbox. This positive drive system, providing direct engine shaft to
pump shaft power transmissicn, assures optimum utilization of available horsepower,
minimum maintenance and longer |ife. The standard reduction ratio is 3.1:1 with
alternate ratios available for differing pumping conditions.

DREDGE PUMP ENGINE

The dredge pump is driven by a Caterpillar D-348 JWAC diesel engine with electric
start. This engline Is rated at 642 continuous horsepower at 1800 RPM. The same
engine drives the service water pump. Fuel tank, fuel supply piping and connectlions
to engine to be supplied by customer.

CONTROL CONSOLE
A monitoring console Is supplied which includes:

engine tachometer

engine oll pressure gauge

engine water temperature gauge

engline Intake manifold high temperature warning |ight
pressure gauge to monitor inlet of dredge pump
pressure gauge to monitor outlet of dredge pump

gauge to monitor service water pressure

warning horn for low service water pressure
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COOLING SYSTEM
Tho diosel onglne Is radiator cooled to assure adequate engine cooling under the
usual dredging conditions.
SHUTDOWN SYSTEM
The dlesel system Is equipped with automatic shutdowns in case of low oll pressure,
high water temperature or engine overspeed.
AUXILIARY WATER PUMP
This pump supplies fresh water for the dredge pump packing gland. This pump is
capable of 220' of TDH. Filtered water supply for pump to be supplied by customer.
PAINTING
All DIXIE BOOSTERS are painted according to a carefully planned painting schedule,

designed for durabifity and minimum maintenance. Steel surfaces are appropriately
prepared for painting by sandblasting, chemical treatment or power buffing.

ALL COMPONENTS DESCRIBED ABOVE ARE MOUNTED ON A HEAVY DUTY STRUCTURAL STEEL FRAME.

PoLICY
it is the policy of THE DIXIE DREDGE CORPORATION to continually strive to improve
Its product design. Accordingly, we reserve the right to change these specifica-

tions to incorporate any such improvements that may be developed prior to the time
of manufacture.

OPTIONS
Shelter for weather protection

High ambient air temperature radiator



DIXIE DREDGE CORPORATICN.

Shest D=24

PRICE
$13,948.00
4,999,.00
3,205.00
2,695,C0
1,156,00
454,00
168.00
73.00
64.00
___119.00
$26,881.00

PRICE
$ 1,188.00
18.00
I,624.00
20,00

3, 170.00
97.00
119.00
210.00
122.00

_156.00

RECOM'ENDED SPARE PARTS FOR DIXIE MODEL CS-2-16 FOR ONE (1) YEAR'S OPERATION
I. DREDGE PUMP
QUANTITY DESCRIPTION
I Shell ...... Ceseseretetecteatasesteerrerases s erninae
! Impeller ....covene cessans treescens Gesersrsutcearana tes
! Suction Side Liner ...vvvvnvennnn teseesenens Ceeeesaen
| Engine Side Liner ..... ceesnssecsnss creteesenrrannsae
| Shaft Sleeve ....cevviennnns cesesarens ceeseenn cresass
| Water RINg vvoviiiiiieenennennns Ceesrsiesestscarnnnee
! Copper Washer ......evcuvese Veeesasenssanaasaan cesans
I Set of Rubber Packing .....iivvviennns. ceserens con
2 Door Seals ............ tetesereeseteteentasesnennas coe
I Box of'Packlng ......... Creecesesteatatentieeanennns .
TOTAL
I'l. HYDRAULIC EQUIPMENT
QUANTITY DESCRIPTION
| Hydraulic Pump, Swing and Spuds ..... ceeteenene cees e
I Seal Kit for Swing and Spud Pump .' ........ casssses oo
i Hydraul ic Pump, Cutter ........... tesecaanne creecssae
| Seal Kit for Cutter PUmp tiviirrerienres ioncncnnnnons
| Hydraulic Motor, Cutter «.eveeieeseneconcenoooesns ves
I Seal Kit for Cutter Motor ..iviiieivneieeennnnnnenans
2 Hydraulic Cylinder Seal Kits for Spud Lift ....00uuse
24 Return Line Filter Elements .icevivereennann. ceecenne
2 Suction Line Filter Elements .....c..vuune teseesesane
3 Hydraulic Pressure Gauges, 0-3000# «....eveuse. ;.;...
TOTAL

$ 6,724,00
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Rocommondod Spare Parts for DIXIE Model CS-2-16 for One (i) Year's Operation 8
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111, CUTTER AND CUTTER DRIVE EQUIPMENT

QUANTITY DESCR!PTION - PRICE
| Cutterhead ....eoeeveee Ceeesescssessrsseseatsensaans . $ 3,358.00
12 Cutter Edges, TOp ..eeeens ceesersaanss e reensenaesaas 360.00
12 Cutter Edges, Bottom ....... cesasesnnne ceccenssans oo 360.00
| Star Coupling tveenenseccecannes tetertececsesnens . 1.175.00
] Cutter Shaft ..ieieervevesssscscecncosnnas ceeasseanne 1,461.00
2 Cutless Bearings ....eoeecenes tesreeaseen tesicrssanens 872.00
2 Bronze Sleevgs for Cutter Shaft ..iceieenvviarsnesenss 334.00

TOTAL $ 7,920.00

IV. SERVICE WATER PUMP
QUANTITY DESCRIPTION PRICE
| Repair Kit consisting of the following: ..eicevvecnes $ 851.00

(1) Impeller
(1) Shaft
(1) Shaft Sleeve
(1) Gasket
(1) Impelter Cap Screw
(1) Washer
(1) Gasket
(1) Gasket "O" Ring
(1) Impeller Key
) Gasket
(1) Set of Packing (6 Rings/Set)

2 Sets of Drive Belts (2 Belts/Set) ..c.vvveviiinncannns 48.00
TOTAL $ 899.00
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Rscommonded Spare Parts for DIXIE Mod
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UANT I TY

DESCRIPTION

Suc*'on Hose' |8" l.....llll..l...;;.'.'.l..'.........'
D'scharge Elbow, I6" .l...I...t......"...l.......’...
Gear Be'fs .......... .......lI.l......l.‘l...l..l...l.
Swing Sheave Block Repalr Kits each consisting of: ...
(1) Sheave Assembly

(1) Bushing

(1) Sleeve

(2) Bronze Thrust Rings

(1) Lubricating Fitting

(1) Center Pin w/Nut

Suction Vacuum Gauge, 0-30" ...............;..........
Discharge Pressure Gauga, 0-160# .ccoveeeeenenonnnsans

Sets of Drive Belts for AC Generator (3 Belts/Set) ...
TOTAL

GRAND TOTAL

sheat D-ZG

el CS-2-16 for One (1) Year's Operation

PRICE
$ 3,388.00
2,381.00
2,082.00
885,00

47.00
47.00
75.00
$ 8,905.00

$51,329.00



" APPENDIX A~2

Estimated Project Costs

I. Unit Cost Breakdown -~ Port Develop~
ment -~ Basic Structure

IT. Unit Cost Breakdown - Port Develop~
ment -~ Completed Interior Facilities

III. Estimated Project Costs =~ Port Develop~
ment - Basic Structure

Berth No. 1 -~ 1985 -~ 350 m (length)
Berth No. 2 - 1991 = 170 m (length)
Berth No. 3 - 1997 - 260 m (length)

IV. Estimated Project Costs -~ Porc Devel~
opment - Completed Interior Facilties

Berth No. 1 - 1985 ~ 350 m (length)

Berth No. 2 =~ 1991 -~ 170 m (length)

Berth No. 3 -~ 1997 ~ 260 m (length)
V. Relocation of Existing Facilities

Tank Farm

Shrimp Facilities

Miscellaneous Structures



COSTO DE UNIDAOES EN CORDOBAS -DESARROLLO DEL POERTO - ESTRUCTURA DASICA Ae2-IA
UNIT COSTS IN CORDOJAS - PORT DECVELOPMEHT - BASIC STRUCTURE

; DESCRIPCION NIDAD TOTLL *CCST0 DOTUWD

o Locat  ExTRANI] rocrl  [EXTRRUEC | LOCAL  |EOWeUZO| LOCAL | BEno 3] ToohL

1 | LIFPIEZA DE IL:GLARES _J.B_J27,000 ] mmmm= [ —=<< ——=e- 23,000 | ----== 50,000 e ©0.00% |
CLEARING MANGROVE _ I ]

2 |EXCAVAR FAHGO Y RELLEHO R3 29 9 Py o 26 14 55 23 78
FXCAVATE _MUCK & BACKFILL

3 | ppnGapo. (DARSENAS Y CAHAL) 43 2,80 T a1 === “=e=c ===== 10 2,54 13 15
DREBGING (DASINS & CHANMEL)

4 1EXCAVACICH DEL MUEBLLE #M3 10 [ T e BT RS 10 20 30
tIIARF EXCAVATION

S [RELLENO (DRAGADO DE DARSENAS) ] 7 3 [y ——eee 1 10 ) 13 21
BACKPILL (FRO2 BASIN DREDGING)

6 JPIEDRA DB _CORAZA M3 45 a5 110 ———— 22 | 27 103 72 255
ARMOR STONE

7 | _PIFDRA SUDYACENTE y PLED. DG FUAR., M 27 20 105 EpT— 20 37 160 55 215
GDERIAYER SI0E & PILGER STGE - §

8 |PIIOTYS D2 OQXC.FCF. VERT. (24n FVG.) Ea 1,300 3,200 | 1,900 10,500 o 14,000 3,200 | %7,7060 35,550
FEne. OGK. PHES = Verd. (263 RVG) -

9 JPILOTES D2 O0C.TCP LESPIOE (380 AV)) k2 2,100 4,600, 3,000 16,000 ——== 21,080 5,160 | 61,600 46,703
FERE. ORC.PILES-CATIER (363 AVG.)

10 | CABECERD DE_CONCRETO 13 760 30 600 400 ——= 200 1,560 G40 2,200
.CONCRETE PILE CAP -

11§ LO0SA D2 CONCRETO REFORZADO 13 1,040 60 £00 400 ——ae 200 1,060 [33) 2,509
PEINFORCED COXCRETE GLAB ;

12 |RI7, PIRA GO [ QEITERCD0RES FUD. | 13 500 30 460 160 " 100 550 255 1,259
CONTAIHER CRANE RAIL FPHD .

13] TRABAJO D2 VIA PERREA (MUELLE) M 20 210 20 570 v J— 140 1,109 x,320
PAYLROAD TRACKVORK (Vaidc AFLA) —*

14|00, I3 VIA FoooA VIR Trows, n 70 180 505 <o 35 gy 550 ) PO
FATIZOND TACOIORR {TReLK, TIES & b=

BALLAST)

15 RIS 7 G 02 GOr. (2 CARRILES) M 150 260 0 1 .770 70 s 250 2,050 2,340

CONTRINER CRANE RAILS (2 RAILS

BEST AVAILABLE COPY




COSTO DE UNIDADES EN CORDOBAS - DLCSARROLIO DEL PUERTO - ESTRUCTU W BASICA
UNIT COSTS IN CORDOBAS - PORT DEVELOPMENT - BASIC STRUCTUR®

L=2=1I0

CRI r : O, COLD Liiiii il

£ pescRper WNIDAD [™FOCAL_ [EXTRRUEO LOCAL | EXTRNUZO | LOCAL | B nico!  LOCAL DT iio | Soras

16 | PAVIMENTO DZ CONCREZO e 70 — Too —cs o — == = =
CONCRETE SURPACE PAVEMENT

17| CORCON DT MADZRA (12° x 127) H 10 === 195 —===== 70 — o — -
ZIMBER CURB (12° x 12°%)

>0 | pEsacue § [ 40,000 | <--—--- ] 0,000 | === [ s0.009 — 5565 ——sres
DRAINAGE

19 { PROTECCIOH CONTRA ITCENDIO H 3,000 3,000 - 12,000 7,000 p 5600 15,055 TP

FIRE PROTECTION

BEST AVAILABLE COPY




o | PETICCLO

COSTO DE UNIDADES EN CGRDOSAS - DESARROLLO DEL FUERTO = TERMINACION Di LAS EMST/LACIC..LE dhwiiiviws
UNIT COSTS IN CORDOBAS .

= PORT DEVFLOPMENT

‘= COMPLETION OF INTERIOR FACILITIES

h=2-33

DESCRIPSION IDAD |—P1ANO DE OBRA MATERIAL EQUIPO SOTAL  COSTR UHIDA
LOCAL  |BrriEr | rocar ExteanTEo LOCAL IxThauTo | rocal  lomeenrTo bOTOTAL
SISTEMA DT DEFENSA M 600 eeee | . 2,400 600 - 1,200 2,400 3. 680
PENDERING SYSTEM
2 |BOLARDOS (100 T) Ea | 2,800 i ———= 18,900 2,800 ———— 5,600 Y EY T
BOLLARDS (100 T)
3 | PAVIHENTO DE CONCRETO M2 70 - 100 60 10 ——ee 150 i) 2L0
OXTRETE SURFACE PAVEIENT (25 an) } ]
4 |CAPA DE BASE DE GRAVA (45 cm) 7Y 11 ~—t - = 27 | =e=== 3 pap— FT? ey Y3
GRAVEL BASE_COURSE (45 cm) T :
- _______{‘_ l
5 | CAPA DE PENETRACION DE_ASFALTO) M 1 ey 3 I 3 4 3 16
'I;SPHIU.'P PENETRATION COAT ———
6 | PAVIHMENTO BITUHINOSO ne 3 fpapayn 10 30 ] ., 20 30 <5 |
BITUMINOUS SURFACE PEVEENT (2 at 10 L
7 | ALAMBRADO Y] 7 Il 50 3 ———= 10 ) €0
FENCING

REST AVAILABLE COPY
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g COSTO DSTINMADO DEL PROYECTO EN CORDOBAS - DESARROLLO DEL PUERTO - ESTRUCTURA BASIC? - ATRACADIRD Ko.l -~ 1985 (350 FSTROI)
B ESTIMATED COST OF THE PROYRCT IN COROOBAS - PORT DEVELOPMENT - BASIC STRUCTURE - EERTH Ho.l - 1983 .2S0 $ZTTRS) fe2erTa
4
e DESCRIPCION ' | UNITARIO TOTAL COITS DOTINATO
2: DESCRIPTION CANTIDAD |WNIDAD ™ 5apy EXTRANJERO | TOTAL LOCEL, TNTT 2 Towre,
1| LINPIRZA D2 RANGLARES 0.5 H_| 50,000 o 50,000 25,000 ——es PR
CLEARING MANGROVE - N
2 | EXCAVAR PANGO ¥ RELLENO 16,000 M3 55 23 78 556,000 230,000 Fid.0o0
EXCAVATE MUCK & BACKFILL :
i )
S | DPAGADO DE DARSENA DE MANIOBRAS (RECLAMAR TIERRA) 564,000 13 2.50 13 15,50 1,410,000 7,332,050 G.562,000
DREDGE _TURNING BASIN (RECLAIXM LAND)
4 EXCAVACION DE MUELLE 50,000 M3 10 20 30 500,000 1,880,00¢C 1,508,080
HHARF EXCAVATION
!5 | RELLENO DEL ATRACADERO 260,000 M3 3 13 21 2,029,000 3,360,000 5,460,640
PERTH_PILL
\6 | PIEDRA DZ CORATZA 4,600 B’ 183 72 255 241,800 331,200 1,173,008
ARBOR _STONE -
"7 | PIEDRA SUBYACENTL Y PIEDRA DE PILTRACION 14,300 ) 160 55 215 2,205,000 765,500, 3,076,500
UNDERLAYER STOUL & FILTER STOHE g
G | PILOTES DZ CONCRETO REFORZADO -VERT. (24m. AVG.) 064 Ea 3,200 27,700 30,900 1,004,800f 15,622,200 17,827,000
PEINF. CONC. PILES - VERTICAL (24m AVG.)
_'9 | PILOTES D2 COLCRETO REFORZADO ~ DESPLOME (36m AVG. 141 Ea 5,100 41,600 46,700 719,100, 5,665,600, 6,50640C
REINF. CONC. PILES ~ BATTER (36m AVG.)
10 | CABECERO DZ CONCRETO | 653 13 1,560 640 7,200 1,016,660 17,920 1,636,600
CONCRET,] PILE CAP
11 | LOSA DE CONCRETO REFORZADO 7,000 [ 1,840 660 2,500 12,60 7] 4,620,000 17,580,080
ESINFORCED COUICRETE SIAR
12 | RIEL PARA GRUA DZ CONTEHWEDORES FUND. 2,6C0 M3 960 220 1,250 2,496,000 754,000 3,250,000
CONTAINER CRANE RAIL FHD.
13 | THABAJO DL VIA FERREA (AREA DEL NMUELLE) 1,100 H 140 1,180 1,320 154,000 1,298,000 1,452,000
RAILROAD TRACK WORK (WHARF AREA)
14 | TRABAJO DZ VIR FERREA (VIA,TRAVESAROS Y BALASTO) 2,200 H 650 860 1,550 1,510,000, 1,682,000 _ 3,410,0¢
RAILROAD TRACR WORK (TRACK, TIES & BALLAST)
15 | RIELES PARA GRUA )E CONTENEDORES (2 CARRILES) 350 M 250 2,050 2,300 ©7,500 717,500 £05,000
CONTAINER CRANE RAIL (2 RAILS) ‘
SUB-TOTAL | 28,372,880, 44,247,520 72,620,000

BEST Svhih AT S v

— e Wy
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ARTICULO

C05T0 ESTIMADD DIL PROYECTO EM CORDOBAS - DESARROLLO DEL PUERTO - ESTRUCTURA EASICA- RTRACAIIE
ESTIMATED COST OF THE PROJECT IN CORDODAS - PORT DEVELNPHENT - BASIC STRUCTURD - CIRTH Bo.l - 1985 -

2 KEo.l - 168

(3]

v

(355 ¥ITTI

o

aE s g
- {350 1TTNSD

Eahe)
& hiad

- e
£=2=TLLT.

e TNITARIO TOTAL COSTO EOTINATD
GESCRIPCION CANTIDAD ((NIDAD
| LOCAL EXTRANJERO|  TOTAL LOCAL CNTRE I T oo
158 | PAVIKZNTO D2 CTHUCRETO 5,900 M | 180 €0 240 11,063 0nn IS 070 L 1,616,000
CONCOPTR SURFAGE PAVEMENT
17 | cornoit oE_impEra (12 x 127) 350 n 230, -—= 230 60,500 - £a,e00
PIMDER CURD (12" x 12%)
16 | DESSAGUE 14 H 170,000 170,000 § 2,380,000 --- 12,322,080
DRAINAGE
19 | ALCANTARILLADO --- ] LS === - ———— 1,000,000 ==~ 1,000,000 |
SEWERAGE
20 | SISTEMA DE ABASTECIMIENTO DE AGUA —— LS ——=- - ——== 2,000,050 10,400,000 3,000,000
YATER SUPPLY SYSTEM
21 | sERVICIO ELECTRI~n (T INEA PRIMARIA) -— LS ——— - ———— ——— 2,800,600 12,800,000
ELECTRICAYL SERVICE (MAIM LINE)
22 | PROTECCION CONTRA INCENDIO 14 5] ———— 20,000 22,000 —— 260,000 280,008
PIRE. PROTECTION —
23 | TELEFONO _——— LS ——--- ——- ——— ———e 1,500,000 | 1,500,080
TELEPHONE ’
24 | MISCELANEA (SERALES,CURVAS, ETC.) -— Ls ! -—-= -—— -——-e 1€0,000 - 108,000
MISCELLANEQUS (SIGHNS, CURBS, ETC.) 1
k]
25 | KOVILIZACION Y DESMOVILIZACION q
KOBILIZATION & DEMOBILIZATION -——- -—- - 2,500,000 7,500,000 | 10,600,003
TOTAL 36,095,360 167,081,520 £C%,176,80D
)
i
I

CEEaT BRI L0
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COSTO ESTIMADO DEL PROYECTO FN CORDOBAS - DESARROLLO DEL PUERTO - ESTRUCTURA BASICA - ATLACADIRD 15.2 - 1691 - (170 ¥2T703

i b e add

ESTIMATED COST OF THE PROJECT IN CORDOBAS - FORT DEVELOPMENT - BASIC S1RUCTURE - BERTH No.2 - 1931- (170 KITURZ

1 ARTICULO

DESCRIPCIdN CANTIDAD UNITARIO CoSTO TOTAL ERETINADD
LOCAL JEXTRANJFRO TOTAL LOCARL CXTRARIERD UL
LIEPIEZA BE MANGLARES 8.7 H 50,000 | —--u- 50,000 35,000 | =---- 35,000
CLEARING MANGROVE
2 [EXCAVAR PANGO Y RELLENO 5,000 M3 55 23 78 275.000 o0 X
EXCAVATE MUCK & BACKFILL * 215,000 239508
2 JDRACADO DARSENA DE MANIOBRAS (RECLAMAR TIERRA) 4,000 M5 2.50; 13 15.50 10,000 52,000 €2,000
DREDGING TURNING BASIN (RECLAIM  LAND) : - i
4 |EXCAVACION DE MUELLE 5,000 M3 10 20 30 %G,000 100,600 150,000 :
WHARF EXCAVATION o
5 IRELLENO DEL_ATRACADERQ 400,000 M3 ] 13 21 3,200,000 5,200,000 6,400,000
BERTH_FILL 4
6 |PIEDRA DE CORAZA 2,300 M3 183 72 255 420,500 165,600 86,500
ARMOR STONE
7 |PIEDRA®SUBYACENTE Y PIEDRA DE FILTRACION 7,000 M3 160 55 <15 11,120,000 385,000 1,505,080
UNDERLAYER STONE & FILTER STONE
0 [PILOTES DE CONCRETO REFORZADO - VERT. (24m. AVG.) 276 Ea 3,200 27,700 30,900 R
2 883,200 7,645,2 2
REINF. CONC. PILES = VERT. (24m. AVG.) * * - : 1642.200 ) 8,528,200
9 JPILOTES DZ CONCRETO REFORZADO-DESPLOME (36m. AVG.) 69 Ea 5,100 ‘41,600 46,700 351.900 2,870,400 3,222,300
REINF. CONC. PILES - BATTER (36m. AVG.) - -
1¢ |CABECERO DE CONCRETO 320 M3 1,560 64¢ 2,200 459,200 204,E00 706,680
CONHCRETE PILE CAP 3
11 JLOSA DE CONCRETO REFORZADOD 3,400 u3 1,840 660 2,500 | 6,256,00 Z2,244,0060) ©,500,000
- REINFORCED CONCRETE SLAB - 5
{12 IRIEL_PARA GRUA DE CONTENEDORES FUND, : 1,200 M3 960 250 1,250 | 1,152,000 386,0007 1,500,008
CONTAINER CRANE RAIL FHD.
13 § TRABAJO DE VIA FERREA ( AREA DEL MUELLE) 630 M 140 1,180 1,320 88,200 }
743,400 31,650
RAILROAD TRACKWORK (WHARF AREA) ) - * * *
14 | TRABAJO DE VIA FERREA (VIA,TRAVESAROS y BAIASTO) 1,900 M 620 860 1,550 1,311,G00 1,634,000 2,545,000
RAILROAD TRACKWORK (TRACK, TIES & BALLAST) -
15 | RIFLES PARA GRUA DE CONTENEDORES ( 2 CARRILES) 170 M 250 2,050 2,300 42,500 348,500 31,000
CONTAINER CRANE RAILS (2 RAILS) -
SUBTOTAL |15,694,900 | 22,055,500} 37,750,800

acsT AValinoLe ey




o COSTO ESTIMADO DEL PROYECTO EN CORDOBAS - DESARROLLO DEL PUERTD - ESTRUCTURA LCASICA = ATRACADIRD Mo.2 - 1831 (175 10000y
5 ESTIMATED COST OP THE PROJECT IN CORDOBAS- PORT DEVELOBMENT- BASIC STRUCTURE - DERTH No.2 - 1§91 9170 PTCRS) fel-1II O
(o]
& DESCRIPCION CANTIDAD |uNIDAD) UNITARIO TOTRYL COSTO _Eaprmsma
< LOCAL EXTRANJETO TOTAY, LOCAL EXTPANISED Dt
15 | PLATAPORMA DE_CONCRETG DEL MUELLE 2,300 M2 180 60 240 214,000 138,000 552,000
CMCRETE DECK PAVEMENT :
17 [CORDON DE MADERA (12® x 12°) 170 H 230 - 230 35,100 ——- 39,100
FIMDCR_CURB (12" x 12°)
18 | pesacoe 6 H 170,000 -—— 170,000 I 1,020,000 --= | 1,020,067 |
DRAINAGE
19 [ALCANTARILLADO i i Ls R — ----1 ~-350,000 == 350,602
SEVERAGE
20 | SISTEMA DE DISTRIBUCION DE AGUAS —=< LS ——— — J— 260,000 1,049,004 3 300,000
WATER DISTRIBUTION SYSTEM
21 | SERVICIO ELECTRICO (LINEA PRIMARIA) -——— LS ——— -—— ———— - 150, 00G 150,000
ELECTRICAL SERVICE (MAIN LINE) .
22 bpOTRCCICHCONTRA _INCENDIOS 6 H -=- 20,000 20,000 ——-- 120,00C 120500 |
FIRE PROTECTIONM
23 | TELEFONO : - LS — - J— ——ae 150,000 159,000
TELEPHONE
24 | MISCELANEA (SERALES,CURVAS, ETC.) —— LS - - Jr— 50,000 ——== T0,050
HBISCELLA¥TZS (SIGNS, CURBS, ETC.)
25 | MOVILILACION { DLSHOVILIZACION — -— - -== 1,600,660 3,900,060 4,000,000
HMOBILIEATION & DEMOBILIZATION
7 TOTAL 18,828,009 | 26,653,900 15,461,500

BFST AVAILABLE copy




COST0 ESTIMADO DZL PROYECTO EW CORDCBAS = DESARROLLO DEL PUERTO - ESTRUCTURA BASICA - ATRACADERD No.3 - 1897 - (250 sTOr
ESTIMATED COST-OF THE PROJECT IN CCRDOBAS ~ PORT DEVELOPMINT- BASIC STRUC.URE- BERTH No.3 - 1997~ (260 MCTTRS) A-2-105C

-] ARTICULO

- DESCRIPCION CANTIDAD |NIDAD UNITARIO _ TOTAL COSTO ESTIMADD
LOCAL EXTIANILRO TOTAL LOCAL TLKT"JC-‘JL:‘O “OT L
LINPIEZA DB MANGLARES 2.5 " 50,000 - 50,000 125, 0001 —eoe 125,000
CLBARING MANGROVE -
2 | EXCAVAR FANGO Y RELLENO 25,000 1 m3 55 23 78 1,375,000 375,00C) 1,553,080
EXCAVATE _MUCK & BACKFILL
3 CRAGADO (DARSENA DE MANIOBRAS) 552,000 M3 2.54 13 15.50 1,380,000 7.176,000] 6,556,630
DREDGING (TURNING BASIN)
4_| DRAGADO_(CANAL) _ 833,000 M3 2.54 13 15.50] © 2,082,500) 10,629,000{12,911,5¢0
DREDGING (CHANNEL)
% | EXCAVACION DE MUELLE 12,000 M3 10 20 30 126,000 240,000 350,00’6‘7
HIIARF_EXCAVATION
6 ! pRILEND (DEL DRAGADO DE LA _DARSENA) 443,000 M3 [} 13 21 31,544,000] 5,759,000{ %,303,040
PACKPILL (FROM BASIN DREDGING) —
7 | PIEDRA DE CORAZA - . 3,500 N7 163 72 255 640,500 752,000] 592,50
ARMOR _STOME
8 PIEDRA SUBYACENTE Y PIEDRA DE PILTRACION 10,700 M3 160 55 215 - 1,712,000 568,500] 2,360,3C0
UNDERLAYER STONE & FILTER STONE :
' & | PILOTES DE _CONCRETO REFORZADO- VERT. (24M. AVG.) 420 Ea 3,200 27,700 30,900 1,344,000 11,634,000{12,978,000
REINF. CONC. PILES - VERT. (24m AVG.) :
10 | PILOTES DE CONCRETO REFORZADO-DESPLOME (36M. AVG.) 105 Ea $,100 41,600 36,700 535,500, 4,368,000 4,503,500
REINF. CONC. PILES ~ BATTER ( 36m AVG.) j
11 | CABECERO_DE_CONCRETO 50 M3 1,560 640 2,200 780,000 320,000 1,160.00
CONCRETE PILE CAP : £000
42 ] LOSA DE CONCRETO REFOHZADO 5,200 M3 1,840 660 | . 2,500 9,568,000 3,432,000).13,000,000
REINFORCED CONCRETE SLAS . e
13 | RIEL PARA GRUA DE CONTENEDORES FUND. 1,900 M3 560 290 1,250 1,824,000 551,600] 2,375,000 |
) CONTAINER CRANE RAIL FND. - ;
14 ! TRABAJO DE VIA FERPEA (AREA DEL MUELLE) 680 M 140 1,180 1,320 95,200 £02,400 897,609
RAILROAD TFACKWORK (WHARF AREA) - -
15 | TRABAJO DE VIA FERREA (VIA, TRAVESAAOS Y BALASTO) 1,500 | M 690 860 1,550 | 1,035,000 1,290,000 2,325.0¢0 |
RATLROAD TRACKWORK (TRACK, TIES.& BALLAST) -
SUBTOTAL | 2F,160,700| 37,816,500{ 73,937,600 |

BEST AVAILABL € B8




COST0 ESTIMADO D2L PROYECTO EN CORDOBAS - DESARROLLO DEL PUERTO - ESTRUCTURA BASICY - ATRACADERO ¥o.3 - 1997 (260 FITRO3)

ESTIHATED COST OF:-THE PROJECT IN C(‘)RDOBAS.- PORT DEVELOPMERT -~ BASIC STRUCTURE - BERTH No.) - 1937- (260 KHITEPS)

A-2-1137

= anzIcULO

DESCRIPCION. CANTIDAD |unIDaD UNITARTO TOTAL _COSTO ESTIMAND
: 10CAL rYrpaANIEDPA TOTAL LOCAL EXTRALINRO TCTAL

RICLES PARA GRUA DE CONTENEDORES (2 CARRILES) 260 M 250 2,050 2,300 €5,000 531,000 cap nen
COITAIHER CRANE PAILS (2 RAILS) : i

17 | PAVIHENTO DB COMUCRETO 3,500 M2 180 60 240 630,000 210,0c0 840,080

HCRETE._SURFPACE PAVEMENT

10 _|CORDON BE_MADERA (12" x 12") 260 M 230 === 230 59,£09 --- 59,000
TIvpER curp (12" x 12%) .

18 |pEsacur 11 1 170,000 --- | 170,000 1,870,000 - 1,870,200
DRAINAGE

20 {ALcanTARILLADD === LS - === -~= 350,000 ——— 350,050
SEHERAGE

2) |SISTEMA D2 _DISTRIBUCION DE AGUAS - LS -~ —- -== 400,000 | 1,660,600 | 2.000,.90n0
YATER DISTRIBUTION SYSTEM

22 |SERVICIO ELECTRICO (LINEA PRIMARIA) — LS c=-- - --- —=- 200,000 200,009
ELLCTRICAL SERVICE  (MAIN LINE)

23 |PROTECCION CONTRA INCENDIO 11 H - 20,000 | 20,000 —— 220,000 220,005
PIRE PROTECTION

24 [TELEFONO === LS —- - ——— e 150,000 150,9¢0
SELERHONR : -

65 |MISCELANEA (SENALES, CURVAS, EiC.) === LS ——-- -— - 75,000 - 75,000
HMISCELLANEOUS (SIGNS, CURBS, ETC.)

26 |KOVILIZACION Y DESMOVILIZACION - e -~- - 2,000,000 | 6,000,000 | 6,000,000
LODILIZATION & DEMOBILIZATION

TOTAL 31,610,500 56,729,600 | 80,310,700

BEST AVAILABLE copy
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|
QOSTO ESYDAD0 TEL PROYECTO EN QXOBAS = [ESAFROUIO XL PURRIO - TERMRCIGH T IAS DSTALACIGFS DIERONS - ATRNCACTD 1oLl = 1905 - (350 T}

g ESTDATED (UST OF ‘THZ PROJECT IN CORDOBAS - PORT CEVELOPMNT - OQMPLETED DITERIOR FACTLITIES - EIWH Mo.l - 1905 - (350 smT) 2e2=IV &
UNITAR p Py
E  DESCRIPCION CANTIDAD (UNIDAD 10 TOTAL COSTO ESTIMLY
LOCAL EXTRANJIEFRQO TORAY TSR EXTRANICND TR
} | SISTEMA DE DEFENSA asQ M 1,200 2,400 1.£00 420,000 ran oon 1,260,000
FENDERING SYSTEM
2 | EOLARDOS (100 T.) 23 Ea 5,600 18,900 24,500 128,800 814, 700 ssi,s,oe
POLLARDS {100 T)
3 PAVINEHTO DE_CONCRETO 45,500 M2 180 60 240 8,1%0,000) 2,730,000} 10,830,000
TONCRLTE SURFACE PAVEMENT (25 cm) !
4 | CAPA DE BASE DE_GRAVA 87,500 M2 44 === 44 3,850,009 atted 3,880 000
GRAVEL BASE COURSE (45 cm)
% | CAPA DE PENETRACION DE ASFALTO 87,505 12 4 € 10 350,000 525,000 £75,000
ASPHALT PENETRATION COAT
6 | PAVIMENTO BITUMINOSO 87,500 - e 20 30 50 1,750,0001 2,.625,0001 4,375,000
BITUMINOUS SURFACE PAVEMENT (2 at 10 cn) :
3 | ALMACEN . (ALMACENAJE DE EQUIPO,HERRAM, SUMINISTRO) ———— L.S. -==- -—-- e 700,000 300,000 v,r;m.ca
MAINTENANCE BLDG. (EQUIPMENT,TOOL & SUPPLY STORAGE
8 | CASETA DE GUARDAS . === L.S s=== —==- e 20,000 10,000 ip.0a0
GUARD STATION
6 | GASOLINERA ——=- L bt Lt ———— 70,000 210,000 220,000
FUEL STATION
. 110 ] GruA 1 Ea - 410,000 420,000 ———— 420,000 £20,000
TRUCK CRANE
11 | MONTACARGAS 10 Ea m=—- 105,000 | 105,000 ———— 1,050,000) 1,050,000
_FORRLIFT TRUCKS ; :
12 | FE¥DLOUES CAMA BAJA k| Ea hd 12,000 12,000 ———- 36,000 16,000
LOY BOYS ’
13 | TRACTORES 2 Ea ettt 56,000 56,000 -=a- 112,0¢0 112,500
TRACTORS
14 |"DOLLIES® 5 Ea -=== 4,200 4,200 ———c 21,000 21,000
DOLLIES
15 | TRAHSPORTADOR DEL PERSOfIAL 1 Ea —-== 32,000 32,000 . 32,000 32,000
PERSONNEL CARRIER -
SUBTOTAL 15,478,800} 9,385,700 24,842,500

GEST AVAILABLE COFY.
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Q GTE0 ISTED0 ITL PROYECTO B CCRDOEAS - DESARROLID [EL PUERIO - TERMOGCION ME LAS DETAASICTS DATRIONS = AITOSITD 1. 1 - 1973 {350 k0T)
5 ’ ' ESTDOSED O0ST O T PROJECT D OOFDORAS - RS DEVELRENT - CROLETED INTERIOR FACILITIES - LITTH Ho. 1 - 1605 = (339 FC7EN3) A-2-IV B
g — URITARIO TOTAL COCTO LETINMADD
] ZSCRIPCION CANTIDAD |WNIDADI™ T5CAL | EXTRANJEPO]  TOTAL LOCAL EXTTANIER TR,
1€ | GouA D2 CONTEHEDORES 1 Ea —~-~ [21,000,000}21,000,000 . 21,000,000 | 21,900,008
CONTARINER CRANE
17 | s, ESLIGAS, CADENAS , GANGHOS , PASTECKS , FIICATES, PALETAS  Etc. —== L.S --=- ntingd == -o== 1,400,000 1,400,000
AT 1015, SLINGS ,QIADIS, HOOKS, SNATCH FIOCKS,ROPES,PALLETS|etc)
16 | ALZIDRADD 1,100 M 10 50 60 11,080 55,000 €6,000
FEUCING (3 &)
15 | SISTIHA DS ILUMINACION —— 1.5 === ——— ——— 300,000 700,000 1,308,000
LIGHTING SYSTEH
35 | PoTrchl CON GRUA 1 Ee ———- 175,000 175,000 ———— 175,000 175,050
E2ORKOOAT t/DERRICE
21 | LANCHON DE SUMINISTRO (EQUIPABO) 1 Ea —— 350,000 350,000 e 350,000 150,062
GCUFPLY BARGE (OUTFITTED)
33 | COYAS DE CANAL Py o ——== 216,000 210,600 === 1,26C,000 1,05¢,C53
CHAGIL DUOYS :
23 AREOMETRO 1 Ea 3,500 ———— 3,500 3,500 ——— 3,500
FIDE CAUGE
36 | TOYAS DE AMARRE 1 Fa === 1,050,650} 1,050,000 ———— 1,050,000 1, 080,002
POORING BUOYS
25 | FOVILILACION Y DESHMOVILIZACION == L.Sy _==== datied ndaduind 1,250,007} 3,750,000 5,002,000
il FODILIGATION & DEMOBILIZATION
¢ -
TOTAL 17,043,300 |39,065,700 | 56,129,000
[]

FEGT AR E EOoy




CCETO ESTRMADO [EL PROYECTO EN CORDCBAS - DESARROLLO [EL PUERTO - TZRMNACICH DE LAS DiSTALNCIODS INTERIONTS -ATRACASIID lo.2 - 1951 - (170 srman

g ESTIMATED COST OF THE PRAJECT IN CORDCBAS - PORT DEVELOPMENT - QOMPLETED INTERIOR FACILITES - ETRTH 1o.2 - 1991 - (170 MOTSC he3-Iv C

b s

& DESCRIPCION CANTIDAD  |UNIDAD UNITARIO TOTAL CCSTO ESTIMADO

< LOCAL [EXTPANJEPG] TOTAL LOCAL EXTRARJIERD TOTRY,

1 JSISTEMA DE DEFENSA 179 M 1,200 2,400 3,600 204,020 408,009 £12 000
FEIDER SYSTEM

2 |BOLARDOS (100 T) 12 Ea 5,600 18,900 24,500 67,200 226,800 266,000
BOLLARDS (100 T)

3 |PAVIMENTO DI CONCRETO (25 cm) 22,100 M2 180 60 240 | 3,278,000 1,326,000 3,308,000
CONCRETE SURFACE PAVEMENT (25 cm)

4 |CAPA DE BASLE DE GRAVA 42,500 M2 Y] ——- 44 11,870,000 ——— 1,870,000
GRAVEL DASE COUDSE (45 cm)

S |CAPA DE PENETRACION DE ASPALTO 42,500 M 4 6 10 170,000 255,000 425,000
ASPHALT PENETRATION COAT i

6 |PAVIMENTO BITUMINOSO 42,500 M2 20 30 50 850,000 1,275,000 2,125,000
BITUMINOUS SURFACE PAVEMENT (2 at 10 cm) .

7 YBODEGAS DE TRANSITO | meaas L.S -=== ——— ---- 121,600,000 {10,800,000 37,400,000
TRANSIT SHED

g |CUARTEL DE ESTIBADORES ————— 1,S. —r-- ——-= ~——— 200,000 400,000 600,000

‘ STEVEDORES QUARTERS

9 Joricinvas T aceaa L.S. -—-- ——— ———- 200,000 300,000 500,000
OFFPICES

10 |MONTACARGAS 10 Ea. - — 105,000 105,000 ———— 1,050,000 1,050,000
FORKLIFT TRUCKS

11 |REHMOLQUE CAMA BAJA 3 ‘Ea —--= 12,000 12,000 -——— 35,000 36,000
1.0W BOYS

12 | TRACTORES 2 Ea == 56,000 56,000 === 112,000 112,000
TRACTORS

13 | “DOLLIES® 5 Ea e 4,200 4,200 ———— 21,000 21,000
DOLLIES

14 GRUA PARA CONTENEDOR 1 Ea =~=-- 121,960,000 {21,000, 000 —_——— 21,000,000 121,060,000
CONTAINER CRANE

15 [FDES, ESLIRIGAS, CUDINAS, GANGHOS , PASTECAS , MECATES, PALETAS, ETC. -—= L.S ———- -—== ———= ——— 1,409,000 1,400,000
CARGO NETS, SLINGS ,CHAINS , HDOKS, SMATCH BLOCKS, ROPES, PALLETS  ETQ.

SUB-TOTAL {29,139,200 | 38,609,800 | €7,749, 000
]
FEAT T ERALLE ¢




(OSTO ESTDADD DEL PROYECTO BN CORDORAS - [ESARROLLO DIL SUERTO ~ TEPMINACICH OE LAS INSTALACIOUS INTERICTS - ATTAGAIIDD 0.2 - 1831 -~ (17 $CTI80)
ESTDAATED QOST OF THE PROJECT IN CORDOBAS - PORT DEVELOPENT — Q2LITED INTERIOR FACILITIES o £roni 19,2 - 1681 - 179 +7753)

g ; A=2-IV O
> - 1 UNITARIO ; :
g DESCRIPCION CANTIDAD InIOWD TOTAL COSTO IS™I®ADO
i LOCAI, EXTRANJERO}  TOTAL LOCAL EXTRANSERD TOTAL
To | ALAIGRADO {31 00 M 10 50 60 5,000 25,000 30,000 |
PENCING (3M) i
17 | SISTEMA DE ILUMINACION == = --=- e ——-= 300,000 700,008 ] 1,000,000
—§ LIGHTING SYSTEM :
i
18 | PEMOLCADOR CON BOMBA CONTRA INCENDIO 1 Ea --=-=- ]10,500,000{10,500,000 ---- 110,500,000 {10,583,000
COMBINATION FIRE AND TUG BOAT :
13 | BOTE PARA ATRAQUE 1 Ea --=- 70,000 70,000 . ---- 70,000 70,600
L 600
LINE BOAT
20 | BOYAS DE CANAL 3 Ea -—-- 210,000 210,000 ———- 630,000 630,000
CHANNEL_BUOYS '
21 | BOYAS DE_AMARRE 1 Ea ---=~ 11,050,000 1,050,000 ——— 1,050,000 1,056,000
MOORING BUOYS
22 | MOVILIZACION Y DEGMOVILIZACION === Ls ——- e i 2,000,000 | 6,000,000 } 1,000,000
i 1 X
MOBILIZATION END DEMOBILIZATION
TOTAL |31,444,200 }57,564,800 | 89,029,000

BEST AVAILABLE COPY
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§ €SS0 ESTRAMO [EL PROYECTO EN CORDOBAS - DESARRILIO DEYL PUERTO - memm}mnmm-m:amma-mw-(2’9%
8 ESTIMATED COST OF THE PROJECT I CORDO®AS - PORT DEVELOPMIT - UNPLETED INTERIOR FACILITASS - <ORTH Ho.3 - 1957 - (200 ITIEID)  A-2-IV B
()
& . UNITARIO TOTAL COSTO ESTIMADD
2 | DESCRIPCION CANTIDAD [N LOCAL | EXTRANJERG  TOTAL TOCAL  EXTRANJERD TOTAL
SISTEMA DE_DEFPENSA 260 M 1,200 2,400 3,600 312,700 624,000 $36,000
PENDERING SYSTEM :
2 JEOLARDOS 17 Ea 5,600 18,500 24,500 95,200 321,300 416,500
EOLLARDS (100 T)
3 | PAVIMENTO DE CONCRETO 33,800 M2 180 60 240 5,084,000 2,028,000| 8,112,000
COHCRETE SURFACE PAVEMENT (25 cm)
4 [CAPA DE BASE DE GRAVA 65,000 M 44 -—— 44 2,860,000 - 2,660,00¢
GRAVEL BASE COURSE (45 cm)
5 |CAPA DE PENETRACION DE ASFALTO 65,000 M2 4 6 10 260,000 390,000 650,000
ASPHALT PENCTRATION COAT
6 | PAVIMENTO BITUMINOSO 65,000 Mé 20 30 so| 1,309,000 1,950,000¢ 3,350,
BITUMINOUS SURFACE PAVEMENT (2 at 10 cm)
7_|CUARTZL DE GUARDAS = LS = === == 20,000 10,000 30,00
GUARD STATION
8 |HONTACARGAS 10 Fa 105,000( "yo5,000 ——— 1,050,0004 1,050,000
FORKLIFT TRUCKS
9 | REMOLQUES CAMA BAJA 3 Ea -—- 12,000 12,000 -—- 36,000 36,000
LO¥ BOYS
10 |[TRACTORES 2 Ea ——- 56,000 6,000 - 112,000 112,600
TRACTORS . .
11 |*DOLLIES" 5 Ea -— 4,200 4,200 -— 21,000 24,000
DOLLIES
12 |GRUA DE CONTENEDORES 1 Ea 21,000,000] 21,000,000 -——- 21,000,000} 21,000,030
CONTAINER CRAMNE
13 JIIES,ESLINGAS,CADENAS, GANCHOS , PASTECAS , MECATES , PALETAS ,ETC.) — LS -—— ——— -— ——— 1,400,000} 1,400,200
CARGO METS-SLINGS-CHAINS-HOOKS-SUATCH BLCKS-FOPES-PALLETS . Bt
14 |JNA3BRADO (3.0) 610 M 10 50 60 €.100_ 30,500 36,600 |
FEHCING (3.0)
15 ISISTEMA DE ILUMINACTON -- LS - —— —-——— 300,000 700,000 1,000,200
LIGHTING SYSTCM
SUBTOTAL | 11,237,300 { 29,672,800 | 40,510,100

DEST AVAILABLE COPY




-

GCSTO ESTRADO DEL PROYECTO BN CORDOBAS - DESARROLLO DEL PUERTO = TEMINACION Of IAS DISTALACICSS INTERICTES = ATIOIITD 10,3 ~ 1857 = (223 F==70)

g : mmwmmmm PORT DEVELOPMENT - ammnmcar“cmm ESFTH 0.3 ~ 1537 = (260 1Tvl) Palaly O
it
[ UNITARIO TOTAL COSTO ESTEHINSS
5 DESCRIPCION. CANTIDAD wm’m' LOCAL EXTRANJERO| _ TOTAL LOCAL EXTPANIERD ToTML
15 1 eayas eI, cAMAL 4 Ea -——=- 210,000 210,000 ——— gsn, 000 040,609

CHANNEL BUOYS
17 ] ¥OVILIZACION Y DESMOVILIZACION ——— Ls ———- ittt ———— 1,000,000 }3,000,000 £,000,CC00

HMOBILIZATIOH AND DEMOBILIZATION

TOTAL 12,237,300 33,512,860 }45,750,°C9

FEET AVAILABLE-COPY
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Ii,

Puerto Corinto

Relocation of Existing Facilities

Tank Farm

A. Demolition

l, Lorge Tanks8 . « « « « « 6
2. Small Tanks <« « « « « o 11
3. Large Buildings . . . . 4
4. Medium Buildings . . . 2
5. Small Bulldings . . . . 7

B. Construction of New Facilities
1. Large Tanks . « « » « &
2. Small Tanks . . .
3. Large Buildings .
4. Medium Builldings
5. Small Buildings .

o« o o o
e o o o
NN RO

105,000
35,000
70,000
50,000
35,000

DADDD

1,190,000
420,000
5,000,000
1,000,000
70,000

DR MDD

Subtotal: Cordobas

Shrimp Facilities

A. Demoiition

1. Shrimp Processing

Plant . . . .

2, Large Buildings .

3. Medium Buildings

4. Small Buildings .

5. Large Docks . . .
6. Medium Docks .

7. Small Docks . .

e o o » & o
® o o o 5 2 ®
® o o s © o o
NN o
OO MDD

B. Construction of New Facilities
1. Shrimp Processing Plant
(including relocation
of existing equipment) 1
2. Large Buildings . . . . 1
3. Medium Buildings .. . 6
4. Small Buildings . . . . 1
5. Wharf Facility 230 m

105,000
70,000
50,000
35,000

175,000

105,000
35,000

@ 4,200,000
@ 5,000,000
e 1,000,000
@ 300,000
@ 45,000

Subtotal: Cordobas

A-2-~VA

630,000
385,000
280,000
100,000
245,000

7,140,000
3,360,000
20,000,000
2,000,000

... 490,000

34,630,000

105,000
70,000
300,000
35,000
350,000
210,000
35,000

4,200,000
5,000,000
6,000,000

300,000

- 10,350,000
26,955,000



Puerto Corinto
Relocation of Existing Facilities

(Continued)

III. Miscellaneous Structures

A. Demolition
1. Small Buildings . . .. 8 @ 35,000

B. Construction of New Buildings
l. Small Buildings . . .. 8 @ 70,000

Subtotal: Cordobas

Total: Cordobas

A-2-VB

280,000

560,000
840,000

S ————————————

62,425,000



APPENDIX A~3

Outline Specifications

Dredging and Filling

Concrete

Prestressed Concrete Plles

Rip Rap Slope

Concrete and Bituminous Pavements

Miscellaneous Appurtenances
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PUERTO CORINTO
OUTLINE SPECIFICATIONS
PRE-STRESSED CONCRETE PILE

MARGINAL WHARF

SECTION 1

DREDGING AND FILLING

1.01 SCOPE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this Sec-
tion of the Specifications and the applicable
drawings.

1.02 SAFETY

The dredging Contractor shall be solely responsi-
ble for safe working conditions.

1.03 WORK INCLUDED

Work shall include but not be limited to:
1. Dredging, .
2. Disposal of dredged materials,

3. Placement and retention of dredged materials
for land reclamation.

1.04 SOIL CONDITIONS

Boring Logs and Soil Reports are furnished for in-
formation purposes only. The Contractor shall draw
his own conclusions as to actual subsoil conditions
and their effects on dredging,disposal and equip-
ment required. Soil conditions may vary between
borings’ from the condition shown on the logs. The
Contractor shall, at his own expense, take addition~
al borings i1f the logs provided do not contain sufe
ficient and adequate information. ‘
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NAVIGATION INTERFERENCE

The Contractor shall conduct his operations so

as to minimize interference with use of channels,
berthing spaces, fairways and passages. The Con-
tractor shall provide, install and maintain all
required signs, signals, lights and other de~
vices.

SAFETY OF STRUCTURES

The Contractor shall use reasonable and proper
care in the prosecution of his work to safequard
adjacent structures. The Contractor shall repair
all damages resulting to adjacent structures as

a result of his operations.

SILTING OF CHANNELS

The Contractor will be held responsible for the
silting in of existing adjacent channels caused
by his operations. The Contractor shall dredge
and restore such channels to their original depths
wherever his operations caused silting.

DREDGING METHODS

Dredging shall comply with all applicable permits
and the operation shall be carried out in such a
manner as to prevent excessive disturbance of the
harbor bottom that would cause materials to be
stirred up and transpotrted to other areas.

DREDGING EQUIPMENT

The equipment shall be of a size sufficient to
meet the requirements of the work and kept in

good condition for efficient operation at all
times., All discharge pipelines shall be kept in
good condition and all leaks and breaks shall be
promptly and properly repaired. Upon completion
of the work, the Contractor shall promptly remove
his plant, including range, buoys, piles and other
markers placed in navigable waters or on shore.

OVERDREDGING

The Contractor will be paid for overdredging up
to a maximum of 0.5 meter., No payment will be
made for materlal dredged below the 0.5 limit,
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Underdredging will not be permitted and dredging
on side slopes shall follow as closely as practi-
cable the lines indicated on the drawirgs with

a maximum vertical tolerance of 0.5 meter above
and 0.5 meter below the theoretical slope.

l.11 SWEEPING

At the completion of the work and prior to final
soundings the Contractor shall sweep the dredged
area to ensuvre that all the materials above the
required elevations have been removed. The sweep-
ing shall be done in an approved manner, both
parallel and perpendicular to the channel.

1.12 SOUNDINGS

The entire dredged area shall be sounded immedi-
ately before and after dredging for the purposes
of determining the quantities of materials re-
moved. The elapsed time shall not exceed two
weeks before and after dredging. Soundings shall
be recorded to the nearest five centimeters and
referenced to a common datum,

1.13 UNAUTHORIZED DISPOSAL

Material shall not be deposited elsewhere than

in places designated or approved. Any material
deposited in unauthorized places shall be removed
by the Contractor at no cost to the Port Author-
ity. Should the Contractor during progress of
the work, lose, dump, or throw overboard or mis-
place any materials, plant or machinery, they
shall be recovered and removed immediately. If
immediate removal is not possible, they shall

be otherwise marked or buoyed temporarily until
the obstruction is removed, with due notice given
to the general public.

1.14 DIKING ON SHORE

Dikes on shore shall be constructed of sound f£ill
material of sufficient width to withstand the
pressures of the hydraulic fill. The minimum
crown width shall be 2 meters and a maximum slope
of 2-1/2 horizontal to 1 vertical. The stability
of the dikes are the Contractor's responsibility.
Only dry £ill shall be used to form dikes, placed
by truck or bulldozed into position. A minimum
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freeboard of 0.5 meter shall be provided above
the hydraulic pool level to the top of dike.
Sufficient pool capacity and retention shall re-
main within the diked area to insure an efflu~
ent meeting the required water quality standards.

1.15 DISCHARGE LINES

The dredged discharged lines shall be provided
with approved distribution devices to produce
dispersion and directional control of the hydrau-
lic fill placement. Lines shall be moved to pro-
duce dispersion ¢nd settlement. Retention booms
or similar devices shall be employed to trap
floating debris and silt slicks. Splash pads
shall be provided at the discharge end of the in-
take pipe.

1.16 DRAINAGE DIVERSION

The Contractor shall construct and maintain
ditches to divert the hydraulic fill surplus wa-
ter off the areas filled and discharge into the
harbor. Particular care shall be provided %o
Prevent inundation of any surrounding developed
areas. Drainage includes maintaining the present
drainage pattern in the areas where the £111 will
not be placed and, in particular, those areas de-
pending on natural drainage for removal of sewage
effluent.

1.17 SILT CONTROL

The diking system and flow of surplus water along
with the locations and positioning of the discharge’
structures shall be such as to maximize the settle-
ment of the fill and to eliminate discharge of

silt into the harbor. 1In particular, care shall

be exercised not to create silt pockets where the
future fill would not be of a suitable nature to
serve as a base for future paving.

1.18 CHEMICAL COAGULANTS

Should the effluent, due to colloidal or finely susg-
pended particles, not meet the water quality stand-
ards set by the authorities, chemical coagulants
shall be added. Such coagulants shall be approved
by the authorities as not being injurious to health
or to sea life. ,
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1.19 FLOATING SKIRTS

The Contractor shall provide floating skirts in
the harbor area as required to prevent any con-
centration of silt slicks from accumulating with=
in the harbor limits or/and to retain such silt
slicks.

1.20 TIDAL CURRENT COORDINATION

Should it develop that in certain areas to be
dredged the quantity of fine grained silt is ex-
cessive to the extent of stirring up the harbor
bottom and creating excessive turbidity, the Con-
tractor shall schedule his operations in such
areas to coincide with slack tide periods or other
tidal sequence so as to permit stirred up material
to settle or to be carried away by tidal currents
without interfering with the harbor or fish and

shellfish areas.
1.21 PAYMENT

Payment will be made on the basis of the contract
unit price per cubic meter for dredging, measured
in the dredged area, calculateg from soundings
-taken before and after dredging. No separate pay-
ment will be made for filling or disposal of
dredged materiel or for construction and maintenance
of the filled areas. For purposes of comparing
bids, an assumed total quantity of material to be
dredged is estimated. The actual quantities, based
on soundings made before and after dredging, will
vary from this estimated quantity,
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- SECTION 2

CONCRETE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this
Section of the Specifications and the applicable
drawings.

2,02 SAFETY

The General Contractor shall be solely responsi-
ble for safe working conditions.

2.03 GENERAL STANDARDS

The latest issue of the Specifications Standards
of the American Concrete Institute or similar
recognized authority shall pertain with respect
to the following:

ACI 211.1

ACI

ACI

ACI

ACI

ACI

ACI

304

305

308

315

318

347

Recommended Practice for Selecting
Proportions for Normal Weight Con-
crete.,

Recommended Practice for Measuring,
Mixing, Transporting and Placing
Concrete

Recommended Practice for Hot Weath-
er Concreting

Recommended Practice for Curing
Concrete

Manual of Standard Practice for De-
tailing Reinforced Concrete Struc-
tures

}Building Code Requirements for Re=
inforced Concrete (Working Stress
Design) '

Recommended Practlce for Concrete
Farmrori
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2,04 MATERIALS

Materials shall conform to the latest issue of
the following standards or their equivalent.

Cement -

Specifications for Portland Cement
ASTM C 150, Type II or IIa.

Aggregates -

Specifications for Concrete Aggregates,
ASTM C 33.

Water -
Clean and clear per ACI 318.

Admixtures -
Specifications for Air-Entraining Admix-
tures for Concrete, ASTM C 260, and Speci-
fications for Chemical Admixtures, ASTM
C 494.

Reinforcement =~
Specification for Billet-Steel Bars for
Concrete Reilnforcement, ASTM A 615,
Grade 40.

2.05 SHOP DRAWINGS

The Contractor shall submit completed and checked
shop drawings for approval before starting con-
struction,

2.06 FORMS

All forms shall be constructed to the slopes,
lines and dimensions shown on the drawings. Forms
shall be made of moisture resistant plywood, maso-
nite or metal forms. Form ties shall be of the
snap-off -type.

2.07 CONCRETE MIX

Concrete shall have a minimum ultimate strength
of 4,000 psi at 28 days with a slump less than
10 cm and a minimum of 8.5 bags of cement per
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cubic moter of concrete shall be used. All
concrete shall be air-entrained. Accelerat-
ing or retarding admixtures shall not be used.

2.08 AGGREGATES

All aggregates shall be clean, hard, durable
material, free from loam, clay, dust or vege=-
table matter. The fine aggregate shall have
100 per cent passing the 3/8 inch sieve with

2 to 10 per cent passing the No. 100 sieve.
Coarse aggregate shall have 100 per cent pass-
ing the 1-1/2 inch sieve and 0 to 5 per cent
passing the No. 4 sieve.

2.09 REINFORCING STEEL

All reinforcing steel shall be new billet steel,
accurately placed in position, wired together
with minimum concrete cover as shown on the
drawings.

2.10 EMBEDDED ITEMS

All embedded items shall be set in place be-
fore concrete is placed. The various sub-
contracts and trades shall be coordinated.

2.11 PLACING OF CONCRETE

All concrete shall be mixed in a mechanical
batchlike mixing plant with ready mix concrete
conforming to ASTM C 94. The concrete shall
be conveyed without separation or loss of ma-
terials. Concrete shall be placed in position
no later than 30 minutes after mixing water is
applied. and the free fall shall be less than
1.5 meters. The concrete shall be compacted
by mechanical vibrators of the immersion type.

2,12 BONDING AND JOINTS

Concrete shall be bonded to previously set con=-
crete by cleaning and roughening the surface
and washing with fresh water before applying a
grout coat. Construction joints shall be lo~
cated to provide leastimpairment to the struc-
ture.
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2.13 FINISHING, CURING AND STRIPPING

Concrete shall be screeded, lightly floated and
given a smooth finish. Curing shall be accom-
plished by maintaining the concrete moist for
at least five days by wetting down or use of
approved curing compounds. Stripping mey be per~
mitted from side forms after 7 days and bottom
forms after 14 days, but in no case shall the
concrete be stripped until sufficlent strength
has been achieved to support the loads on the
structure at the time of stripping with the
normal factor of safety.

2.14 INSPECTION AND TESTS

Formwork and materials shall be inspected and
tests performed on concrete to check its strength
and conformance with the Specifications.

2.15 PAYMENT

Payment for work covered by this section will be
included as a lump-sum contract item,
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SECTION 3

PRESTRESSED CONCRETE PILES

3.01 SCOPE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this
Section of the Specifications and the applicable
drawings.

3.02 SAFETY

The General Contractor shall be solely responsi-
ble for safe working conditions.

3.03 WORK INCLUDED

Tle work shall include but not be limited to:

1. Forming and casting of prestressed, concrete
piles,

2. Handling, positioning and driving of pre-
stressed concrete piles,

3. Bracing, cut-off and/or extension of pre=
stressed concrete piles.

3.04 CONCRETE
The concrete shall be as heretofore specified
but with a minimum 28~-day compressive strength
of 5,000 psi. '

3.05 REINFORCEMENT

The main reinforcement shall be wire or strand,
pretensioned before placing concrete. It shall
have a minimum tensile strength of 250,000 psi
and a minimum elongation of 4 per cent in 25 cm
at the ultimate strength of the wire and 4 per
cent in 60 cm at the ultimate strength of the
strand.and anchorage for wire or strand may be
required depending on the type and size used.
The maximum initial prestress shall be 70 per .
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cent of the ultimate strength of wire or strand.
Allowance shall be made for creep, shrinkage and.
elastic deformation.

3.06 HANDLING OF PILES

The piles shall be stored and stacked in such
& minner so as not to overstress the piles in
the storage yard. They shall be lifted and
placed in position with a 2 point or 3 point
picktup or more as required so as not to over-
stress the piles.

3.07 PILE LOADS
The piles shall be driven to the bearing capacity
specified on the drawings, with a minimum of 3
meters penetration into soil overburden on rock.

3.08 PILE LOCATION

The piles shall be iocataed in plan within 0.2
meter of the design location and a deviation in
vertical or batter no greater than 1.5 per cent.

3.09 PILE DRIVING

The pile shall be driven to rock to a minimum
safe load capacity of twice the design load,
based on use of an acceptable pile-driving form-
ula consistent with the type, weight and size

of pile and proportional hammer weight and energy.
A light-weight low-energy hammer will not be per-~
mitted. Driving and penetration shall continue
until practical refusal ig attained, measured as
1 cm penetration per 20 blows. Piles which are
damaged shall be replaced.

3.10 CUT-OFF AND BRACING

The top of piles shall be cut off to design ele-
vation and all piles shall be braced prior to
pPlacing of cap beams and decking.

3.11 PAYMENT
Payment will be made on the basis of the contract

unit price per linear meter of approved and ac~
cepted pile in place. :
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SECTION 4
RIP RAP SLOPE

SCOPE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this
Section of the Specifications and the applicable
drawings.

SAFETY

The General Contractor shall be solely responsi=-
ble for safe working conditions.

WORK INCLUDED

The work shall include but not be limited to:

1, Trimming of underwater slope beneath the
marginal wharf,

2. Placing of graded rip rap and filtered layers
between piles.

QUARRY RUN SLOPE PROTECTION

Quarry run slope protection material shall be
placed on the dredged and trimmed natural soil
slope. It shill be placed to the minimum thick-~
ness, slope and configuration shown on the drawings,
The quarry run stone shall be hard, dense, angu-
lar, sound, natural stone resistant to weathering
and disintegration with a minimum specific gravity
of 2.4 after saturation and free drainage. Not
more than 10 per cent shall be smaller than 2 cm
in size and not more than 10 per cent by volume
shall be larger than 0.3 meter in size.

RIP RAP SLOPE PROTECTION

Rip rap slope protection shall be placed on top
of the quarry run material. The rip rap shall be
Placed to a minimum thickness of two stone layers.
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The rip rap stone shall be hard, dense, angular,
sound, natural stone, resistant to weathering
and disintegration. The individual pieces shall
have a specific gravity of at least 2.6 after
saturation and free drainage. The least princi=-
pal dimznsion shall be not less than one third
the greategst dimension. Flat slabs and round
boulders shall not be used. At least 75 per cent
by volume ghall be within the limits shown on
the drawing. A maximum of 15 per cent by volume
may weigh more and ten per cent by volume may
welgh less. The armor rip rap shall be stable
and interlocked without ravelling or movement
the tide, wave and current action. The finished
slope shall be unifrom, neat and trim, with a
maximum tolerance of 20 cm below and 50 cm above
the theoretical slope shown on the drawings.

4.06 FILTER COURSE

A filter course of gravel or crushed stone or
small quarry stone shall be placed between the
rap rap core and the hydraulic fill so as to
prevent washout of hydraulic £i1l through the

rap rap core. The filter layer shall be a mini-
mum 0.5 meter thick with no more than 10 per cent
passing the No. 4 sieve and 30 to 50 per cent
shall be smaller than 2 cm in size with no more
than 10 ver cent by weight larger than 10 cm in
size.

4.07 PAYMENT

Payment for work covered by this section will be
included in the lump sum contract price.
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SECTION 5
CONCRETE AND BITUMINOUS PAVEMENTS

5.01 SCOPE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this |
Section of the Specifications and the applicable
drawings.

5.02 SAFETY

The General Contractor shall be solely responsi-
ble for safe working conditions.

5.03 WORK INCLUDED

Work shall include but not limited to:
l. Final grading,

2. Placing of base course and concrete
pavement,

3. Placing of base course and bituminous
pavement,

5.04 CONCRETE PAVEMENT

The concrete materials shall conform to the general
requirements of concrete work hereintobefore speci-
fied, except that the concrete shall have a 28-day
strength of at least 4,000 psi. The base course,
prior to placing of concrete, shall be thoroughly
compacted to a minimum of 90 per cent optimum den-
sity, welded wire fabric reinforcement shall be
used of the size and position shown on the drawings
with premolded bhituminous joint filler and all con~
traction joints saw cut. The finished surface shall
be screeded, smooth, excess mortar removed and bur-
laped dragged. The surface deviation shall be no
greater than 1 cm in 3 meters.

5.05 BITUMINOUS PAVEMENT

The subbase shall be compacted to a minimum of 95
per cent optimum density and the pavement shall con~
sist of a penetrated, crushed stone base, followed
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by a tack coat, plus a binder course, another
tack coat and finally an upper surface layer

all hot mixed. The thicknesses of base and sur~
face layers shall be as shown on the drawings.
The plant mix, heating, transportation and simi-
lar aspects ghall be in accordance with standard
highway specifications. The finished surface
shall be within a tolerance of 1 cm per 5 meters.

5.06 PAYMENT

Payment for work covered by this section will be
included in the lump sum contract items.
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" MISCELLANEQUS APPURTENANCES

6.01 SCOPE

Furnish all plant, labor, equipment, appliances
and material and perform all operations and re-
lated work, complete in accordance with this
Section of the Specifications and the applicable
drawings.

6.02 SAFETY

The General Contractor shall be solely responsi-
ble for safe working conditions.

6.03 WORK INCLUDED

Work shall include but not be limited to:

1. Installation of fendering systen,

2. Installation of curbing,

3. Installation of bollards and bitts and cleats,
4, Installation of crane and raillroad tracks,

5. Installation of drainage system,

6. Installation of utilities, consisting of
water, sewage, electric power and lighting,

7. Installation of navigational aids, such as
buoys and lights,’

8. Installation of buildings,

6.04 SPECIFICATIONS

Standard specifications for the above work will

be in accordance with normal, recognized standards
for materials and installation procedures and meth-
ods. The details are as shown on the drawings.

6.05 ° PAYMENT

Payment for work covered by this section will be
included in the lump sum con“ract items,





