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GENERAL DESCRIPTION OF THE STUDY

Among major components of the Panama Canal Expansion Study are the
deepening and widening of the Canal navigational channels, which inciude the
Atlantic and Pacific entrances, Gatun Lake and Gaillard Cut. The deepening of
Canal navigational channels will allow the navigation of ships larger than the
curren: Panamax size through the waterway.

This study covers the technical analysis for deepening the Atlantic Entrance
navigation channel under three options as shown in the following table:

THREE SCENARIOS PROPOSED FOR ATLANTIC
ENTRANCE DEEPENING

New Design
Draft Channel Bottom W?;’T[v?,;‘)’th
(PLD)
41.5' -46.88' 265
46' -51.38' 51"
o0 -55.38" _55'

Actual navigation channel bottom elevation: -44.9' PLD
Table 1. Atlantic Entrance Deepening Scenarios

The deepening to a draft of 41.5’ consists of dredging the Atlantic Entrance
navigational channels from station -2K+700, that is 1.7 km north of the Atlantic
Entrance breakwater, to the north end of Gatun Locks. Refer to Appendix No. 1
for a sketch of the Panama Canal Atlantic Entrance. On the other hand, the
dredging for the deepening to drafts of 46’ and 50’ begins also at station —

2K+700 but ends at station 9K+000, near the old third set of locks excavation of
1939.

The deepening for a draft of 41.5' is intended for the existing Canal, provided that
either the sills in some of the Canal lock chambers are lowered or the minimum
operation water level in Miraflores Lake is raised to obtain at least 2 feet of
under-keel clearance (UKC), required to accommodate ships with a draft of 41.5
ft. If the Miraflores Lak«. minimum operation water le\ ¢l is not increased, the sills
at the south end of Pe«:ro Miguel locks and the north 2nd of Gatun locks should
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.5’, 46’, and 50

be lowered to ensure the 2 feet under-keel clearance (UKC) for ships with 41.5 ft
of draft. Al present the sills in Canal locks chambers provide a minimum of 2 feet
UKC for Panamax ships with a 39.5' draft; therefore, to allow ships with an
increased draft of 41.5’, the locks chamber sills must be cut lower to restore the
minimum UKC. The ACP is studying this possibility of increasing the Mirafiores
Lake minimum operation water level or modifying the above-mentioned lock
chamber sills to allow the navigation of 41.5° draft Panamax ships. So far, no
decision has been made on this matter. Refer to Appendix No. 2, which shows
the sill elevations for Panama Canal locks.

Separate from the deepening for a araft of 41.5°, deepening for drafts of 46" anc
50" falls under the Panama Canal Expansion Study. if thz new locks arz puili,
the Canal navigational channels will require dredging to allow the safe navigation
of deeper-draft Post-Panamax vessels.
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.5°, 46, and 50’

ATLANTIC ENTRANCE TIDAL VARIATIONS

a.

d.

Unlike the Pacific Entrance large tidal range, the Atlantic Entrance has a
small tidal range, as shown in the Panama Canal Clearance Diagram in
Appendix No. 2. The extreme high-water tide is at +1.85 ft (0.56 m) PLD,
and the extreme low-water tide is at —1.25 ft (-0.38 m), resulting in a 3.10
ft (0.94 m) of tidal variation.

The Panama Canal Clearance Diagram shows the locks chambers, lake,
and tidal elevations referenced to precise level datum (PLD), which is a
reference line used by ACP to measure all Canal elevations. This PLD is
close to ths Pacific and Atlantic mean sea ievei.

The reaches of ACP dredges and the drilling and blasting boat have
enough capacity to perform the proposed Atlantic Entrance deepening at
anv tide level, as shown in the following table:

ACP DREDGES UNDERWATER REACH IN FEET FOR ATLANTIC
ENTRANCE DEEPENING TO 50' DRAFT

All figures in feet

Mean Sea Mean Low
Level Water

Required for 50’ draft 59.23 57.58 57
Dipper dredge RMC 60 60 60
Cutter suction MINDI 72 72 72
MINDI spuds 83 83 83
D&B barge THOR 75 75 75
D&B barge THOR spuds 58 58 58
New D&B barge 85 85 85
New D&B barge spuds 80 80 80

Notes: ACP equipment complies witiy minimum requirement for proposed Atlantic
entrance deepening.

Table 2. Underwater Reach for ACP Dredges

REACH High Tide

if the drill-boat is required to crill and blast a —44.9' PLD ch::nnel bottom at
a high tide of 1.85' PLD, the <puds are required to anchor 1 46.75 feet of
water depth; therefore, the drill-boat THOR complies with this reach
requirement because it has a maximum anchoring capacity of 58 feet
under the water line. The previous table shows that 59.23 feet is required
for a 50’-draft scenario; however, this figure reflects the condition when
:he channel bottom is at -55.7.3" PLD.

Dr~-dging Division - G. Rivas Page 5 of 23
C.:nal Capacity Projects Division - Y Chin, R. A. RRivera :
Final version edit 1 March 20, 2003 Revision



Technicai Analysis
Deepeninc of Atlantic Entrance to Drafts of 41.5°, 46°, and 50

DREDGINCG VOLUMES

DREDGING PARAMETERS

a. The parameters used to estimate the dredging volumes in deepening the

Atlantic Entrance for drafts of 41.5', 46’, and 50, respectively, were the
following:

ATLANTIC ENTRANCE DEEPENING PARAMETERS (aii figures in feet)

Existing Design Proposed New Dredging
Draft Channel Bottom Design Channel Tolerance
_ (PLD) Bottom (PLD) Elevation (PLD)
41.5' -44.9 -46.88 -48.88
48' -44.9 -561.38 -53.38
50 -44.9 -55.38 -57.38

Notes:

1. All elevations are referred to Panama Canal Precise Level Datum (PLD), which is close to
mean sea level.

Table 3. Atlantic Entrance Deepening Parameters

. To obtain the new design channel bottom, the ACP dredges require a
minimum of 2’ of dredging tolerance as shown in the above table.

For the Atlantic entrance, the dredging volume includes an over-swing of
about 25’ outside of each navigational channel prism line and up to the
dredging tolerance line. Under the 41.5’ draft scenario, the over-swing of
25’ is also applied, but from station 9K+900 to 10K+750 the over-swing is
10" due to the area instability and space restrictions. These over-swing
parameters were advised by the master-in-charge of ACP cutter suction
dredge, according to his experience in dredging the Atlantic entrance.

. To estimate the dredging volume, it was assumed that the Atlantic
entrance navigation channel width is already 650’. ACP is projecting for
this fiscal year 2003 or next fiscal year 2004 to augment the Atlantic
entrance navigation channel’s present width from 575’ to 650’. In 1995,
the Atlantic entrance channel was dredged (widened) 75’ to the west to
obtain a channel width of 575’

. Refer to Appendix No. 3 for an Atlantic entrance deepening cross
sectional view of the deepening at the three levels.
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Technical Analysis
Deepening of Atiantic Entrance to Drafts of 41.5', 46°, an¢ 50’

DREDGING VOLUME ESTIMATES

a. ACP Survey Branch estimated the dredging volumes by using the civil
engineering application software HYPACK, and the digital bathymetry
updated to August 2002. Please refer to Appendix No. 4 for bathymetric
charts. -

b. The foliowing table shows a summary of dredging volumes required at the

Atlantic Entrance for drafts of 41.5°, 46’, and 50’. For more details, please
refer to Appendix Nos. 1 and 5.

TOTAL DREDGING VOLUME IN m®

VOLUME 41.5' Draft 46' Draft 50" Draft
Dredging 983,402 3,007,359 6,008,686
Dredging Tolerance 759,280 1,650,505 1,591,139
TOTAL 1,742,682 4,657,864 7,599,825

1. Dredging for 41.5' draft ends at the north end of Gatun locks
2. Dredging to drafts of 48" and 50' ends at 1.9 km north of Gatun locks north end.

3. Dredging volume includes an over-swing of 25' outside the navigation channel prism lines for 46" and 50' draft
scenario. The over-swing for 41.5' is 25' for areas north to the station 9K+900, and 10' for areas south to this
station.

Table 4. Total Dredging Volume

c. The deepening to 41.5’ starts at station No. —2K+700, that is 1.7 km north
of Atlantic entrance breakwater, to station 10K+750 close to the north end
of Gatun locks approach wall soft nose. Dredging for the levels of 46’ and
50’ draft starts also at station —2K+700, and finishes at station No.
8K+800, close to the 1939 third locks excavation.

d. The above dredging volume contemplates an over-swing of 25’, or 10’
when applicable, outside the prism line of each navigational channel; a
tactic that delays the drifting of side slopes material into the deepest
section of the channel and renders the desired design channel bottom.

e. Appendixes Nos.1 and 5 reflect the dredging volume by a set of stations.
The Atlantic entrance navigational channels were divided into this set of
stations in order to determine the amount of dredging material required for
its di=posal at the different designat.:d disposal sites available near this
entrance.
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Technical Analysis
Deepening of Atiantic Entrance to Drafts of 41.5°, 46°. and 5C’

PERCENTAGE ESTIMATE OF MEDIUM TO HARD AND SOFT
MATERIAL

a. There is no information, such as seismic profiles, about the geophysica!
conditions of the Atlantic entrance navigational channel to determine the
location of medium to hard and soft material.

b. According to ACP experience in dredging the Atlantic entrance, there are
two types of material found in the Atlantic entrance marine sub-bottom:
~tlantic muck end Gawn formation.

c. The Atlantic muck has an OC-1 to OC-2 (overburden consistency;, whiie
the Gatun formation can be RH-1 to RH-2; although, RH3 material could
be found. Appendix No. 6 contains more geologic information on Atlantic
entrance marine sub-bottom material.

d. The ACP cutter suction dredge master-in-charge pointed out that medium
to hard material can be found in the areas located between stations
7K+700 to 9K+900, that is 2,200 meters of navigation channel, in the case
of 41.5' draft deepening. For 46" and 50’ draft scenarios, the deepening
ends at station 8K+800; consequently, the dredge might find 1,100 meters
(7K+700 to 8K+800) of navigation channel with medium to hard material.
Refer to Appendix No. 1 for location.

e. The following table shows the percentage of medium to hard material that
could be found in the Atlantic entrance navigation channel:

ATLANTIC ENTRANCE NAVIGATION CHANNEL PERCENTAGE ESTIMATE OF
MEDIUM TO HARD MATERIAL

Areas in stations that Net areas Esh:::ted f
Total Area medium to hard with medium P€'¢€ 9!9 °
DRAFT 2 . areas with
(m*) material could be to hard .
found terial (m? medium to hard
material (m°) material
415 ft 2,840,865 7k+700 to 9k+900 458,420 16%
46 ft 2,448,155 7k+700 to 8k+900 229,210 9%
50 ft 2,448,155 7k+700 to 8k+900 229,210 9%
Notes:

1. The 41.5' draft deepening ends at the north end of Gatun locks; the 46' and 50' draft deepening ends
near the 1939 third set of locks excavation

2. The percentage of areas with medium to hard material is iess for 46' and 50' drafts then 41' draft
hecause the deepening ends more to the scuth in this last draft scenario.

Table 5. Atlantic Entrance Estimate of Dredging Mate:ial Hardness
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Technicai Analysis
Deepening of Atiantic Entrance to Drafts of 41.5", 46°, and 50’

DREDGING TIME FRAME

GENERAL PARAMETERS

a. ACP has two dredges for Canal navigation channel maintenance and
capital dredging: the cutter suction dredge MINDI and the dipper dredge
RIALTO M. CHRISTENSEN (RMC or CHRISTENSEN). Nevertheless,
due to Atlantic entrance marine sub-bottom geologic conditions, the cutter
suction dredge MINDI has proven to be effective and efficient for

eepening as well as for widening the navigation channel of this entrance.
Therefore, it is assumed that either one or two cutter suction dredges
similar to the MINDI, or with better productivity, could execute the Atlantic
entrance deepening at drafts 41.5’, 46°, and 50°.

b. The MINDI's historical performance and the opinion of its master-in-
charge concerning dredge productivity in the Atlantic entrance were used
to estimate the time required to accomplish the new proposed deepening
of this entrance.

c. Two scenarios were analyzed to determine the time frame of Atlantic
entrance deepening for 41.5’, 46’, and 50’ draft:

a. Cutter suction dredge productivity same as MINDI's
b. Cutter suction dredge productivity 1.5 times of MINDI’s

d. Also, two schemes were analyzed under each productivity scenario:

a. One cutter suction dredge executing the dredging
b. Two cutter suction dredges executing the dredging

e. As per ACP dredging needs and availability of resources, one of the cutter
suction dredges could be the MINDI, and the other cutter suction dredge
could be a new one that ACP is planning the acquire.

f. The average time frame to execute a dredging task takes into account one
month of preventive maintenance each year and six months of dry dock
overhaul every 5 years for each dredge. However, since the time frame of
the Atlantic entrance for each of the three deepening scenarios is less
than 5 years each, it was assumed that dredge dry dock overhaul would
be performed before or after deepening the Atlantic entrance navigation
channel.

g. The Atlantic entrance deepening will delay the required maintenance
dredging cycle, that s, maintenance re-schedulinc and consequently

Dredging Division - 5. Rivas i’age 9 of 2
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Technical Analysis
Deepening of Atlantic Entrance 10 Drafis of 41.5’, 4€", ana 50

represents dredging cost savings to ACP. The last maintenance cycle
performed in the Atlantic entrance was in 1995.

h. Average productivity of ACP dredges includes out-of-service time such as
emergency repairs.

i. The current work schedule for ACP dredges is 24 hours a day, 7 days a
week, and will continue as required for future dredging work. However,
the effective working time for the MINDI in the Atiantic entrance is
estimated at 12.5 hours per day.

i Appendix No. 7 contains e summary of the MIND! historical performance.
Following is & summary of the MINDI’s productivitv, which only refiects
channel widening and maintenance:

ACP CUTTER SUCTION DREDGE "MINDI" PRODUCTION IN
THE ATLANTIC ENTRANCE FROM OCT. '94 TO FEB. '96

Bank cubic  Bank cubic  Bank cubic
Production meters per meters per meters per
hour day week
Least 408 5,100 35,700
Average 824 10,300 72,100
Greatest 1,523 19,038 133,263

Table 6. Cutter Suction Dredge MINDI Production, Atlantic Entrance

DREDGING TIME FRAME ESTIMATE

a. Based on historical records from 1994 through 1996, the MINDI has an
individual average productivity of approximate 72,100 m” per week in the
Atlantic entrance. However, the MINDI or any other cutter suction dredge
will be dredging deeper design channel bottoms than it has dredged
previously, and might encounter more vessel traffic than in 1996.
Therefore, a meeting was held on November 20, 2002, with the masters-
in-charge. of the MINDI, and it was agreed that 30,000 m* per week for
mediur to hard material, and 60,000 m® per week for soft material would
be better deepening productivity rates for estimating the time frame for
dredging the Atlantic entrance for drafts of 41.5', 46’, and 50’
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Technical Analvsis
Deepening of Atiantic Entrance to Drafts of 41.5", 45 | and 50’

b. According to the most recent dredging project in the Atlantic entrance in
1996, ~ACP has estimated that the MINDI can remove the medium to hard
material in the Atlantic entrance with aimost no drilling and blasting;
therefore, assuming that no blasting will be required, the MINDI
productivity would be 25,000 m® per week instead of 30,000 m® for
medium to hard material.

c. A Gantt chart was used to plan the dredging activities in the Atlantic
entrance under the different scenarios. The charts show the dredges’
preventive maintenance schedules as well as their dredging activity for
each of the dredging options. As in any other project, this dredging
rogram might change to conform to ACP needs.

Scenario No. 1: Cutter suction dredge productivity same as MIND!’s

a. Appendix No. 8 contains in detail the time frame calculation for the 3
deepening scenarios with one and two dredge schemes, assuming that
the dredge productivity is same as MINDI’s.

b. Appendixes Nos. 10 and No. 11 contain the Gantt Chart for the 3
proposed deepening scenarios under the one-dredge and two-dredge

schemes, respectively, assuming the dredge productivity same as
MINDI’s.

c. The time frame required to complete the three proposed deepenings in the
Atlantic entrance for scenario No. 1 is summarized as follows:
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.2  46’, anc 50

TOTAL DURATION ESTIMATE FOR DREDGING OPERATION
Assuming that cutter suction dredge production is same as MIND!'s

1. All dredges are cutter suction type.

Estimated Dredges average
S 3 .
Dredai percentage of productiviy (m°/week) Total duration
DRAFT II"e gmg3 areas with (;::g:s ’ (y =years; m =
volume (m )| - dium to ty [ Medium to months)
hard material hard Soft material
material
1.5t 1,742,682 16% 1 25,000 60,000 Ty
2 25,000 60,000 8m
46 4,657,864 9% ' 1 25,000 60,000 2y -2m
2 25,000 60,000 1y -2m
50 ft 7,599,825 ' 9% 1 25,000 60,000 3y -5m
2 25,000 60,000 1y - 11m
Notes:

2. Estimated total duration includes overhaul, preventive maintenance, emergency repairs, crew relief, dredge mobiiization and traffic

interferences.

3. The 41.5' draft deepening ends at the north end of Gatun locks: the 46’ and 50' draft deepening ends near the 1939 third set of locks

excavation

Table 7. Dredging Operations Time Estimate

Scenario No.2: Cutter suction productivity is 50% more than of

MINDI’s

a. Appendix No. 9 contains in detail the time frame calculation for the 3
deepening scenarios with one- and two-dredge schemes, assuming that
one of the two dredges’ productivity is same as MINDI's and the other’s is
1.5 times of the MINDI.

b. Appendix No. 12 and No. 13 contain the Gantt Chart for the 3 proposed
deepening scenarios under the one-dredge, and two-dredge schemes,
assuming that one of the dredges’ productivity is 50% more than MINDI’s.

c. The time frame required to complete the three proposed deepenings in the
Atlantic entrance for scenario No. 2 is summarized as follows:
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Technical Analysis

Deepening of Atlantic Entrance tc Drafts of 44.87, 48"

TOTAL DURATION ESTIMATE FOR DREDGING OPERATION
Assuming that one of the cutter suction aredges production is 1.5 times of MINDI's

Estimated D(;edse-s Tves';age .
proauctivly (m-/week H
Dredging percentaqe of Dreges Total duration
DRAFT | 3 areas with Quantit Medium to (y =years; m=
volume (M)} 1 dium to y hard Soft months)
hard material material material
41.5 ft 1,742,682 16% 1 37,500 90,000 9m
2 31,250 75,000 6m
46 ft 4,657,864 9% 1 37,500 90,000 1y -6m
2 31,250 75,000 11m
50 ft 750,825 9% 1 37,500 90,000 2y - 5m
2 31,250 75,000 1y - 6m
Notes:

1. All dredges are cutter suction type.

2. Under the 2-dredge scheme, one of the cutter suction is assumed to be the MINDI or similar while the other one is
assumed to have a productivity 1.5 times of MINDI's. Therefore the average productivity is 31,250 m3 per wk (37,500 and
25,000 m3 per wk

3. Estimated total duration includes overhaul, preventive maintenance. emergency repairs, crew relief, dredge mobilization
and traffic interferences.

4. The 41.5' draft deepening ends at the north end of Gatun locks: the 46' and 50' draft deepening ends near the 1939 third
set of locks excavation

Table 8. Dredging Time Estimate Totals
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Technicai Analysis
Deepening of Atlantic Entrance 10 Drafts of 41.5°, 46°, anc 50

DREDGING COSTS

GENERAL PARAMETERS

a. The MINDI operation costs were used as a baseline to estimate the
operational costs of cutter suction dredges in dredging the Atlantic
entrance navigation channels,

b. The MINDI cperation costs for fiscal years 1995, 1996, 1997 and 1298
v.ere reviewec and are shown in Appendix No. 14 'acluded are operatior
costs for availability, labor, overhead, and auxiliary equipment support.
Dredging Division overhead was estimated at 12%.

c. The yearly cost indexes for channels and canals, developed and revised
on September 30, 2002, by the US Army Corps of Engineers (USACE),
were used to convert to 2002 dollars the ACP dredges’ averagz cost of
operation for fiscal years 1995, 1996, 1997, and 1998, and may be seen in
Appendix No. 15. As shown in that appendix, the average inflation rate
used for fiscal years 1995 through 2002 is 1.023.

d. The dredges’ availability, fuel cost, and auxiliary support costs were
converted to 2002 dollars using a conversion factor of 1.023. This
conversion factor was not applied to ACP dredges’ labor costs because
labor costs were estimated at the maximum step for each employee wage-
category effective on January 3, 1999, and have not been increased
since. In other words, the labor costs are estimated at 2002 aollars.

e. The dredges’ availability costs were averaged, based on 270 days of
operation a year, to account for maintenance, overhaul, and emergency
repairs.

ACP DREDGES OPERATION AND UNIT COSTS

a. The following table shows a summary of the MINDI estimated hourly costs
for a maximum discharge pumping distance of 3 kms. For more
calciilation details, refer to Appendixe No. 14.
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.5°, 46", and 50

ACP CUTTER SUCTION DREDGE MINDI COST

MINDI's|

productivity|

Discharge Pumping Distance 3 km
Availability cost ($ per hour) 781
Labor cost ($ per hour) 624
indirect Cost ($ per hour) 75
Fuel cost ($ per hour) 233
Support equipment cost ($ per hour) 439
TOTAL COST ($ per hour) 2,153
TOTAL COST ($ per week) 351,866

Table 9. Dredge MINDI Costs
b. For an average productivity of 25,000 and 60,000 m® per week for hard-to-

medium and soft material, respectively, and for an average increased
productivity to 50% each, dredging unit costs are as follows:

DREDGING UNIT COST

Estimated production per . 3
3 Unit cost ($/m°)
Cost week (m”)
DREDGE oS Pe Mo MediomT
week ($) edium to Soft edium to Soft
hard . hard .
R material . material
material material
MIND! 351,866 25,000 60,000 14.07 5.86
DREDGE W/ 50% Productivity increase | 351,866 37,500 90,000 9.38 3.91

Table 10. Dredging Unit Costs

TOTAL DREDGING COST TO PROVIDE DRAFTS OF 41.5°, 46’, and 50’
Scenario No. 1: Cutter suction dredge, productivity same as MINDI’s

a. Assuming that cutter si.tion dredge productivity is sa:ne as MINDI's,
and using the aforementioned unit costs, the dredginy cost per set of
stations is shown in Appendix No. 8, and the total c:ost for each of the
three levels of dredging for 1- and 2-dredge schemes is as follows:
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Technical Anzlysis
Deepening of Atlantic =ntrance to Drafts of 41.5’, 46°, 2ng 5C°

ATLANTIC ENTRANCE TOTAL DREDGING COST FOR EACH OF THE = DEEPENING SCENARIOS

Assuming that cutter suction dredge production is same as MINDI's

Estimated Unit cost ($/m3) Total Dredging
- percentage of
Dredging g Costfor1-or 2
DRAFT : 3 areas with dredge scenario
volume (") | e dium to hard Medium to hard Soft material g (s)
materia’ materiz’ Ot materia!
41.5 feet 1,742,682 16% 14.07 5.86 16,270,604
46 feet 4,657,864 9% 14.07 5.86 35,462,210
50 feet 7,599,825 9% 14.07 5.86 56,827,569
Noise: 1. The 41.5' draft deepening ends at the north end of Gatun locks.

3. Total dredging cost only reflects the operational activities.

2. The 46' and 50 draft deepening ends near the 1939 excavation for 2 third set of Atlantic side locks.

Table 11. Total Dredging Costs Total Dredging Costs with One or Two Dredges,

Working at 100% Current Capacity

b. The operation cost for the proposed deepening is the same for 1- and 2-
dredge scenarios since the productivity for 1 or 2 dredges is assumed to
be the same as MINDI’s, and consequently the costs are the same.
Nevertheless, the dredging activity time frame under the 2-dredge
scheme is shorter than for the 1-dredge.

Scenario No.2: Cutter suction productivity is 50% more than the

MINDI’s

a. Assuming that one of the cutter suction dredge’s productivity is 1.5 times
of the MINDI's, and using the aforementionad unit costs, the dredging cost
per set of stations is shown in Appendix No. 9, and the total cost for each
of the three levels of dredging for 1- and 2-dredge scenarios is as follows:
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.5, 46, and 50°

ATLANTIC ENTRANCE TOTAL DREDGING COST FOR EACH OF THE 3 DEEPENING SCENARIOS

Assuming that one of the dredge’s production is 1.5 times of MIND!'s

Estimated % Unit cost ($/m°) Total Dredging Cost ($)
. of areas with
Dred i
DRAFT | o) | medium to Med:::e:?a:‘ard Soft material MINDI & Additional
volume (m’) hard Only One Dredge
; New New Dredge
material MINDI MINDI
dredge dredge
41.5 feet | 1,742,682 16% 14.07 9.38 5.86 3.91 10,850,418 12,791,222
46 feet 4,657,864 9% 14.07 9.38 5.86 3.91 23,653,684 28,699,534
50 feet 7,599,825 9% 14.07 9.38 5.86 3.91 37,905,388 46,006,609

Notes: 1. The 41.5' draft deepening ends at the north end of Gatun locks
2. The 46' and 5C' graft deepening ends near the 1939 excavation for 2 third set of Atlant:c sioe 1ocks
. Totwe: grecging costs omy reflects the operational actvities

Table 12. Total Dredging Costs with Two Dredges, One Working at 150%

Current Capacity

b. Contrary to the scenario of dredge productivity the same as the MINDI’s,
the scenario of 1.5 times the MIND!'s productivity operational costs are
different for 1- and 2-dredge scheme. The 2-dredge scheme assumes the
operational costs of a cutter suction dredge similar to the MINDI with its
usual productivity, and an additional cutter suction dredge with 1.5 times
the MINDI's productivity. The 1-dredge scheme assumes the operational
costs of one cutter suction dredge with 1.5 times the MINDI’s productivity.
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Technical Analysis
Deepening of Atlantic Entrance to Dirafts of 41.5°, 46, and 50’

DRILLING & BLASTING (D&B) ACTIVITY

~
o
fey

. According to ACP experience in dredging the Atlantic entrance navigation

channels, very little D&B is required. For example, there was no nesd for
D&B during the most recent dredging activity performed in the Atlantic
entrance navigation channel for widening to 75’ on the west side of the
channel, executed from 1994 through 1996. The ACP cutter suction
dredge MINDI was able to remove the material without any fragmentation
assistance from the ACP drili-boat THOR.

Although there are no officiai recorcs of the drill-boat THOR blasting th=
area of the Atlantic entrance, the THOR master-in-charge recalls that, ir
the early 1990s, D&B was performed for few days in an area close to the
west prism line across from the MINE Dock, buoy (13). Refer to Appendix
No. 1 for the Atlantic entrance plan view sketch.

The MINDI's master-in-charge identified the areas blasted by the THOR in
the early 1990s as sites that might again require D&B before proper
dredging can be performed.

Based on the previous facts, ACP estimated that if D&B might be required
in the Atlantic entrance navigation channels to permit proper dredging, the
costs for D&B activity would not surpasse $2 million.
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Technical Analysis
Deepening of Atlantic Entrance to Drafts of 41.5', 46", and 50°

DISPOSAL SITES FOR DREDGING MATERIAL

GENERAL PARAMETERS

a. The Atlantic entrance navigation channe! deepening, including the 2 of
over-dredging and 10’ to 25’ of over-swing, will require disposal of the
foliowing dredging material volumes:

o Deepening for 41.5 draft: 1.74 M m®
» Deepening for 46' draft: 4.7 M m*
¢ Deepening for 50 draft: 7.6 M m

b. The remaining capacities of the disposal sites at the Atlantic entrance to
receive material have been estimated using mean low water for the
aquatic sites. Refer to Appendix No. 1 for a map of disposal site locations
at the Atlantic entrance.

c. Following are disposal sites at the Atlantic entrance that are available to
accommodate dredging material:

* Northwest breakwater disposal site: This is an underwater site located
outside of the west Cristobal breakwater, and has an area of 1.29 km?,
The remaining capacity has been estimated around 14.9 M m®.

* Northeast breakwater disposal site: This is an underwater site located
outside of the east Cristobal breakwater, and has an area of 1.17 km?.
The remaining capacity of this site has not been estimated. A study is
required to determine whether this is a feasible site for accommodating
the dredging material, as it is located adjacent to the Cristobal port's
navigation channel and the deposited material could drift into this channel.

e Limon Bay disposal site: This is an underwater site located in Limon Bay,
to the south of anchorage area “B” and to the west of anchorage area “C”.
The Limon Bay disposal site would be a space required for a project to
expand the Atlantic entrance anchorage area; therefore, it is not
recommended to be used for depositing dredging material.

» Limon Bay south disposal site: This is an underwater site located south of
Limon Bay anc' north of Sherman site. It has been used to deposit
dredging material, but the area is shallow; therefore it is not recommendcd
to add more dredging material to the site. Also, water flowing from the
Gatun Lake spillway requires unfettered access to Limon Bay, as shown in
Appendix No. 16.
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Technical Analy5|=
Deepening of Atlantic Zntrance to Drafts of 41.5, 46°, anc 50°

« Fan dumping area. This site is proposed for depositing material dredged
by a cutter suction dredge and is located south of the desmnated Limon
Bay disposal site. It can hold up to a maximum of 10 M m*, anc it couid
be an ideal site if Telfers Island will not be availabie to receive dredging
material.

e Sherman site: This is an overland site located west of the Atlantic
entrance navigation channel. The ACP received this site in 1999 from AR!
in exchange for Telfers Island (ARl is the Panama governmental agency in
charge of former US military base areas). The Sherman site has 665
hectares and its total capacity has not been estimated. It contains three
designated disposal sites, known as Gatun Approacr No.1, Nc.2, and
No.3, located along the west bank of the Atlantic entrance, adjacent to
Limon Bay to the north,the Gatun Highway and Loma Borracha to the east
and the old Atlantic French canal excavation to the south.and the sites
have remaining capacities of 273K. 261.5K, and 152.5K m® | respectively.
Refer to Appendis. Nos. 1 ancd 16 for location sketches of the Sherman site
disposal sites. With the acquisition of the entire Sherman site, ACP can
move dredging material that has been deposited at the Gatur Approach
disposal sites, on the west side up to the area designated for the Gatun
spillway floodwater, over to the Sherman site. In this way, the Gatun
Approach disposal sites can be cleared for receiving more material. The
Sherman site is adjacent to areas protected by ANAM (the Panama
agency for environment protection), and contains large forested areas, as
shown in Appendix No. 16; therefore, an environmental impact study (EIS)
is highly recommended before depositing any dredging material there.

e Davis site: This is an overland site located at the corner between the
Gatun Approach reach and the 1939 Third Locks excavatnon also north of
the Davis landing facnlmes It has an area of 47,713 m? and a remalmng
capacity of 60.5 K m®, which can be increased up to 183.6 K m*; however,
its use as a disposal SIte should be rejected due tc its proximity to the
proposed new Post-Panamax locks construction area.

e 1939 Third locks construction area: This is an underwater site located to
the south of the Atlantic entrance and to the east of Gatun Locks. It has
been used as a disposal site for dredging material from Atlantic entrance
dredging activities; however, it should be rejected as a disposal site
because it is also a potential site for future new Post-Panamax locks.

e Telfers Island: This is an overland site located to the east of Atlantic
e: 1trance navigation channels, it has a dike, and it can accommodate 3.7
M m?® of material. However, the Canal only has 28 hectares after
transferring 213 hectares to ARI in exchange for the Sherman site in 1999.
A permission from ARI to fill the existing diked area will benefit both
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Technica! Analysis
Deepening of Atlantic Entrance to Drafts of 41.5°, 46°, and 50

agencies, as ACP will have an additional place to put material, and AR
will acquire a level landfill for future industrial or other development.

d. According to the above Atlantic entrance disposal site descriptions anc
their availability. the dredging material from station 2K+700 to 2K+000
could be deposited in northwest breakwater disposal site; from station
2K+000 to 6K+800. in Limon Bay; and from station 6K+800, in the
Sherman site.

e. As pointed out earlier, before proceeding with any dredging activity in the
Atizntic entrance, an environmental impact study is required to further
assess the different disposai options. The only exception for the £1S
would be for Telfers Island, as it is already designated for receiving
Atlantic entrance dredging material.
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Technical Analysis
Deepening of Atlantic Zntrance to Drafts of 41.5", 46, anc 5C

SUMMARY

Scenario No. 1: Cutter suction dredge productivity same as the
MINDI’'s

a. Insummary, the total dredging volume, required dredging equipment, time
frame, and costs of deepening the Atlantic entrance navigation channels
for the three options without any contingency factor and assuming that
the Atlantic entrance channe! bottom is at —44.¢" PLT under scanario No.
1 are as foliows:

Total
Dredging No. of duration . Drilling &
- ] ) C
DRAFT volume (m®) dredges years. Dredging cost ($) Biasting cost (5} Total Coast ($)
months)
415 ft 1,742,682 ; g Yo 16,270,604 2,000,000 18,270,604
46 ft 4,657,864 ;_ 21{/22:]‘ 35,462,210 2,000,000 37,462,210
1 3y-5m =
50 ft 7,599,825 2 1y-11m 56,827,569 2,000,000 58,827,569

Notes: 1. The 41.5' draft deepening ends at the north end of Gatun locks
2. The 46' and 50’ draft deepening ends near the 1939 excavation for a third set of Atlantic side locks

3. The cost does not contemplate any equipment investment.

Table 13. Summary for Scenario No. 1

Scenario No.2: Cutter suction productivity is 50% more than the
MINDI’s

a. In summary, the total dredging volume, required dredging equipment, time
frame, and costs of deepening the Atlantic entrance navigation channels
for the three options without any contingency factor and assuming that
the Atlantic entrance channel bottom is at —44.9' PLD under scenario No.
2 are as follows:
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Technical Analysis

Deepening of Atlantic Entrance o Drafts of 41.5°, 46’, and 5C

Table 14. Summary for Scenario No. 2

SUMMARY OF VOLUME, AREAS DURATION, EQUIPMENT, AND COST TC DEEPENING
THE ATLANTIC ENTRANCE NAVIGATION CHANNELS

Assuming that one dredge production is same as MIND!'s, and additional dredge production is 1.5

times of MIND!'s

Total
Dredging No. of duration . Drilling &
DRAFT volume (m?) dredges (years- Dredging cost {$) Blasting cost (5} Total Cost ($)
months)
12,350,418
4151 1,742,682 1 m 10,850,418.00 2,000,000
2 ém 12,791,222.00 14,791,222
- 25,653,684
46 ft 4,657,864 1 ly-6m - 23,653,684.00 2,000,000 '
2 1im 28,699,534.00 0,699,534
. 39,905,388
50 ft 7.599.825 1 2y - 5m 37,905,388.00 2,000,000
2 1y-6m  46,006,609.00 48,006,609
Notes: 1. The 41.5' draft deepening ends at the north end of Gatun locks.
2. The 46" and 50’ draft deepening ends near the 1939 third set of Atiantic side locks excavation.
3. The cost does not contemplate any equipment investment.
Dredging Division - G. Rivis Page - 2 of 23
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APPENDIX No. 1

Panama Canal Atlantic Entrance Sketch
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APPENDIX No. 2

Panama Canal Clearance Diagram



GATUN LOCKS | LOCKS LOCKS
|
COPING +82.0 fi COPING +82.0 ft
(+28.04 mt)| MEAN LAKE LEVEL (MLL) +85.0 fi [(+28.04 mb)
(+25.91 ™)
COPING +64.2 ¢ GAILLARD CUT
Tes7 m) AND MEAN LAKE LEVEL COPING 4587 f .
EL= +54.0 ft (+17.88 m1)
GATUN LAKE (+16.46 mi) PACIFIC ENTRANCE
ATLANTIC ENTRANCE I SIL 4373 1l navicABLE BOTTOM EL+370 #t |SLL +373 # |MIRAFLORES
(10.58 mt) (+11.37 mt) (+11.28 mt) | (+11.37 mt) LAKE OPING +32.0
SILL +15.0 ft (+9.75 mt) i g
4.57 D) SLL 4130 ft EXTREME HIGH WATER +11.8 ft (+3.60 mt)
EXTREME HIGH WATER = +1.85 f (+ 0.56 mi) (HsTmy | (305 mD § bt uM_FuM“..w 5 ]
MEAN SEA LEVEL = +0.204 ft (+ 0.06 mt) 0.00 PRECISE LEVEL DATUM (PLD) (+2.74 mt) 5 s MEAN SEA LEVEL + 1.0 ft (+.3048 ml)
MEAN SOWIWATER, #5008 1t (= 012 m) e MEAN LOW WATER SPRINGS = -7.6 & (~2.32 mt)
EXTREME LOW WATER = —1.25 fi (-.38 mt) (=415 mt) SIL —18.3 ft| EXTREME LOW WATER = —11.3 fi (=344 mi)
(=5.58 mt)
1 A (004 ¢
MR DAL BPNGE =0l 14004 ). SitL 42,3 1t MAXIMUM TIDAL RANGE = 233 # (7.04 mt)
NAVIGABLE BOTTOM EL.= —44.¢ it (—13.68 mt) [(=12.88 mt) RA AK AILLAR T SiL ~50.0 f
AN ATUN = (-15.22 my|
NAWGABLE BOTTOM ELEV.= ~352.1 ft (-15.88 mt)
1.~ HYDROGRAPHIC SOUNDINGS IN MIRAFLORES LAKE ARE REFERRED
TO "MEAN LAKE LEVEL” WHICH IS +54.0 ft (+16.46 mt) PLD
2.~ HYDROGRAPHIC SOUNDINGS IN GAILLARD CUT AND GATUN LAKE
ATLANTIC ENTRANCE ARE REFERRED TO "MEAN LAKE LEVEL™ WHICH IS +85.0 ft
(+25.91 mt) PLD
THE DATUM FOR TIDAL ELEVATIONS AND
=~ 3 T Y T PACIF Al
HYDROGRAPHIC CHARTS AT ATLANTIC ENTRANCE IS L o T oF PEoRD WMBUEL OGKE | Tr MATER
"MEAN LOW WATER™ WHICH IS ~0.38 ft (=012 mi) PLD 1.~ THE DATUM FOR TIDAL ELEVATIONS AND
"MEAN LOW WATER® IS THE AVERAGE OF ALL LOW e s o
TDE WHICH 1S —7.6 it {(~2.32 mt) PLD
NOTE: 2.~ "MEAN LOW WATER SPRINGS™ IS THE

1.~ TIDAL DATA IS BASED ON HYDROGRAPHIC RECORDS FROM 1902 TO 1872

2.~ CLEAR NAVIGABLE DEPTH WILL BE MAINTAINED O NAVIGABLE BOTTOM
ELEVATIONS BY MAINTENANCE DREDGING

3.— ALL ELEVATIONS ARE REFERRED TO PRECISE LEVEL DATUM (PLD)

AVERAGE OF LOW WATERS AT TIME OF
SPRING TIDE

JOB SAFETY DEPENDS ON YOU

MC [7/99
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APPENDIX No. 3

Atlantic Entrance Cross Sectional Views for
the Three Deepening Scenarios
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APPENDIX No. 4

Atlantic Entrance Navigation Channel
Bathymetry
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APPENDIX No. 5

Atlantic Entrance Dredging Volumes for
41.5’, 46’, and 50’ draft



Appendix No. 5

ATLANTIC ENTRANCE DREDGING VOLUME FOR 41.5' DRAFT

Dredging Volume | Overdredge Volume| Total Dredging Volume

STATIONS from -44.8' to -46.88' from -46.88' to - from -44.8' to -48.88' PLD
PLD (m?) 48.88' PLD (m®) (m?)

STA( -2K+700 to -1K+000 ) 128 9,330 9,458
STA( -1K+000 to 3K+300 ) 212,992 246,542 459,534
STA( 3K+300 to 7K+700) 290,357 245,393 535,750
STA( 7K+700 to 9K+900 ) 280,901 202,417 483,318
STA( 9K+900 to 10K+750) 199,024 55,598 254,622
TOTAL 983,402 759,280 1,742,682

ATLANTIC ENTRANCE DREDGING VOLUME FOR 46' DRAFT

Dredging Volume | Overdredge Voiume| Total Dredging Volume

STATIONS from -44.8' to -51.38' from -51.38' to - from -44.8' to -53.38' PLD
PLD (m®) 53.38" PLD (m®) (m?)

STA( -2K+700 to -1K+000 ) 90,020 188,475 278,495
STA( -1K+000 to 3K+300 ) 1,082,584 708,056 1,790,640
STA( 3K+300 to 7K+700) 1,067,959 525,992 1,593,951
STA( 7K+700 to 8K+800 ) 766,796 227,982 994,778
TOTAL 3,007,359 1,650,505 4,657,864

ATLANTIC ENTRANCE DREDGING VOLUME FOR 50' DRAFT

Dredging Volume | Overdredge Volume| Total Dredging Volume

STATIONS from -44.8" to -55.38" from -55.38"'to - | from -44.8' to -57.38' PLD
PLD (m®) 57.38' PLD (m®) (m)

STA( -2K+700 to -1K+000 ) 379,229 206,462 585,691
STA( -* K+000 to 3K+300 ) 2,219,422 572,659 2,792,081
STA( 3K+300 to 7K+700) 2,165,139 559,643 2,724,782
STA{ 7K+700 to 8K+800 ) 1,244,896 252,375 1,497,271
TOTAL 6,008,686 1,591,139 7,599,825




APPENDIX No. 6

Atlantic Entrance Navigation Channel Marine
Sub-bottom Geological Information



AUTORIDAD DEL CANAL DE PANAMA
Engineering Division - Geotechnical Branch

ATLANTIC MUCK

Introduction:

It is widely distributed in the Gatun Lake area between the north shore of the lake and Gamboa. Hills of the Gawn
formation protrude through the black muck surface, representing islands completely surrounded by swamp and
estuarine sediments. Muck deposits over 200 feet were found in some of the old borings in the area of Gatun dam.
It comprises the Chagres, Trinidad and Gatun River valleys, with associated inland and coastal swamp areas.

Land Form:
The topography is of slight relief and is essentially the product of progressive sedimentation, as contrasted with the
erosion processes involved in adjacent areas.

Origin:

in a relatively recent geological period, the land surface was higher thar at present and the larger rivers of the
Atlantic slope cut deep valleys. A period of subsidence followed, causing a reduction in the velocity of the streams,
particularly along their lower courses, with resulting deposition of stream-borne silt and vegetable debris. Periodic
encroachments of the sea resulted in brackish water conditions and a mingling of stream-borne clay, silt and
vegetable matter with marine sediments. The latest geologic movement in the Atlantic coastal area raised the
surfaces of the swampy estuary channels and tidal flats a few fee: above sea level. The formation resulting from
these processes of deposition is known as the Atlantic muck in the Gatun and neighboring areas.

Engineering Properties:

The muck deposits are uniformly soft and weak. They are composed predominantly of silt-sized sediments, and in
their natural state of occurrence have very high moisture content. The depositional environment varied locally so that
four facies are recognizable:

1. The border phase is adjacent to the contact with older formations and consists of gray to blue-gray silty
clay.

2. The phase deposited in brackish marine areas contains an abundance of mollusk shells in an organic black
silt matrix.

3. The swamp deposit portion of the formation is composed largely of black, very fine-grained organic
materials, wood and other semi decayed vegetable substances intermixed with silt.

4. A soft, light gray or yellow-gray, weak, plastic, probably fluvial clay overlying the organic deposits.

The four facies intergrades laterally, and sandy lenses are present locally. The bedding is essentially horizontal. The
surface of this formation was raised to its present position in late Pleistocene time.

‘Laboratory Tests:

Material obtained at 28 meters depth from core boring MHD-2, drilled at the Industrial Division of the ACP, at Mt.
Hope, 1o the South of Cristobal, was taken to the soils lab for testing purposes. The index properties of the material,
according to the UCS classification are as follows:

ysat = 1434 kg/m?*
vydry = 848 kg/m?
Consistency: OC-1 to OC-3 — Very soft to medium high consistency.

1. According to the UCS, the material is an MH (elastic sandy silt)
2. LL = 84

3 Pl =32

4, SG = 2.69

5. e =23

6.

7.

8.

Adapted from

1947 -Isth. .:n Canal Studies
By Pu... ra Franceschi S.

26 July 2000



AUTORIDAD DEL CANAL DE PANAMA
Engineering Division - Geotechnical Branch

GATUN FORMATION

The type region of Gatun formation extends from Gatur Lake near Gatun northward to Mount
Hope, near Colon. The base and the top of this formation are not exposed in the type region. It
extends from the Atlantic entrance to one miie north of Puma Island in the Gatun Lake.

The formation has a thickness greater than 425 meters, as evidenced by core borings that have
reached such depths, without reaching the base of the formation. In the Canal Area, the
formation consists of massive, remarkably uniform beds of sandstone, siltstone, conglomerate
and tuff medium soft to medium hard (RH-2 to RH-3): the formation is fairly strong, but soft
enough to be excavated with ease. Most of the sandstone is fine-grained, and the sandstone and
siltstone are variably calcareous, and somewhat tuffaceous. The tuff is almost invariably very
fine-grained, and forms light colored outcrops in excavations. Fine-grained sandstones are
interbedded with fine-textured volcanic tuffs and occasional thin conglomerate beds.

The formation is very fossiliferous, containing well-preserved mega- and microfossils of Miocene
age. The massive, uniform beds of this formation represent uniform conditions of deposition,
attaining thickness in excess of 100 feet.

The formation is not very jointed, being the material massive, except for the tuff beds, which are
moderately jointed.

Adapted from

Stewart & Stewart

By Pastora Franceschi 5.
1956



APPENDIX No. 7

ACP cutter suction dredge MINDI historical
performance in the Atlantic Entrance



MINDI PRODUCTION AT ATLANTIC ENTRANCE
(0CT' 94 TO FEB' 96)

Appendix No. 7

DATE |LRUN TIME [ ADVANCE| VOLUME | VOLUME BCM AVERAGE | AVERAGE PROJECT " DREDGE
(HOURS) (ft) BCY BCM PER WEEK | PIPELINE | BCM/HR {EQUIPMENT
OCT.94 407 7,785 528,287 | 403,273 87,821 5,762 992 |ATL.ENT. Widening.| _ MIND:
NOV .94 426 4,765 660,283 | 504,033 104,743 5,828 1,183 |ATL. ENT. Widening.| _ MINDI
DEC.94 333 1,475 252,077 192,425 51,183 5,362 578 | ATL.ENT. Widening.| MINDI
JAN.95 68 205 36,400 27,786 36,098 5,250 408 | ATL.ENT. Widening.| _ MINDI
FEB.95 361 1,875 261,182 | 199,376 48,871 4,202 552 | ATL.ENT. Widening.| MINDI
MAR.95 117 400 64,870 49,519 37,347 3.533 422 | ATL. ENT. Widening.| MINDI
JUN.95 42 1,020 83,000 63,359 3,366 1,523 | ATL. ENT. Widening.| MINDI
NOV.95 110 4,570 194,433 148,422 119,632 4777 1,351 [ ATL.ENT. Widening.| MINDI
FEB.96 177 4,598 185,622 141,697 71,049 6.790 802__ [ATL. ENT. Wicening.| _ MINDI
LEAST [ MEAN 71,049
L {_AVERAGE 76,849 868
| STDEV 36,733 415
| MAX 134,898
JAN.95 265 2,300 286,644 | 218812 7% 180 4,100 826 GATT. APP. MINDI
MAR.95 265 1,260 212,029 161,854 54,088 3,889 611 GATT. APP. MINDI
APR .95 335 1,300 186,835 142.622 37,746 2.666 426 GATT. APP. MINDI
MAY .95 404 2,645 419.248 | 320.036 70,097 3,237 792 GATT. APF. MINDI
JUN 95 154 2,235 259,518 198,106 5,375 1,288 GATT. APP. MINDI
NO\ .95 190 1,690 155,879 118,992 55,509 5111 627 GATT. APP. MINDI
DEC.95 345 4,750 503,608 | 384,434 98,809 8,220 1,116 GATT. APP. MINDI
JAN.96 364 1,505 235,967 180,127 43,762 3,205 494 GATT. APP. MINDI
FEB.96 163 2,570 179,097 136,715 74,193 9,780 838 GATT. APP. MINDI
MEAN 70,091
AVERAGE 69,049 780
STDEV 24,956 282
MAX 114,059
pATE LRUN TIME [ ADVANCE| VOLUME | VOLUME BCM AVERAGE | AVERAGE PROJECT DREDGE
(HOURS) (ft) BCY BCM PER WEEK | PIPELINE | BCM/HR EQUIPMENT
0OCT.94 407 7,785 528,287 | 403,273 87,821 5,762 992 |ATL.ENT. Widening.|  MINDI
NOV.94 426 4,765 660,283 | 504,033 104,743 5,828 1,183 | ATL. ENT. Widening.]|  MINDI
DEC.94 333 1,475 252,077 192,425 51,183 5,362 578 | ATL. ENT. Widening.|  MINDI
JAN.95 68 205 36,400 27,786 36,098 5,250 408 [ ATL. ENT. Widening.|  MINDI
FEB.95 361 1,875 261,182 | 199,376 48,871 4,202 552 | ATL. ENT. Widening.| _ MINDI
MAR.95 117 400 64,870 49,519 37,347 3,533 422 [ATL. ENT. Widening.|  MINDI
JUN .95 42 1,020 83,000 63,359 3,366 1,523 | ATL. ENT. Widening.|  MINDI
NOV.95 110 4,570 194,433 148,422 119,632 4,777 1,351 | ATL. ENT. Widening.| MINDI
FEB.S4 177 4,598 185,622 141,697 71,049 6,790 802 [ ATL.ENT. Widening.| _ MINDI
JAN.95 265 2,300 286,644 | 218,812 73,180 4,100 826 GATT. APP. MINDI
MAR.95 265 1,260 212,029 161,854 54,088 3,889 611 GATT. APP. MINDI
APR.95 335 1,300 186,835 | 142,622 37,746 2,666 426 GATT. APP. MINDI
MAY.95 404 2,645 419,248 | 320,036 70,091 3,237 792 GATT. APP. MINDI
JUN.9% 154 2,235 259,518 | 198,106 5,375 1,288 GATT. APP. MINDI
NOV 65 190 1,690 155,879 118,992 55,509 5,111 627 GATT. APP. MINDI
DEC 95 345 4,750 503,608 | 384,434 98,809 8,220 1,116 GATT. APP. MINDI
| JAN.96 364 1,505 235.967 | 180,127 43,762 3,705 494 GATT. APP. MIND!
| 2B.96 163 2,570 179,097 | 136,715 74,193 9,780 838 GATT. APP. MINDI
MEAN 70,570
AVERAGE 72,949 824
STDEV 30,728 347
MAX 134,898
MIN 36,098



APPENDIX No. 8

Atlantic Entrance Deepening for 41.5’, 46°,
and 50’ Draft Calculations

Assuming that Cutter Suction Dredge
Productivity is same as ACP Cutter Suction
Dredge MINDI



Atlantic Entrance Deepening for 41.5° Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 415 FT - 25,000 m3 / wk
( Basic=1 dredge; without drilling )

‘rev. 21)

1 B C 1 D | E | F G
2 AREA AND VOLUME - DRAFT 41.5'

Overdredge

REACHES Dredging Volume | Volume from D&B f 44 88 to| 7 Drilling & | Net Area for D&B 1
from-44.88'to | 46880 | 8;°ELD PP M0l Blasting | 44.88't0 -54.88"
_46.88' PLD (mts3)| -48.88' PLD | “3% (Mts*) | Required PLD (mts2)

3 {mts3)

-2k+700 @ -1k+000 )

128]

L e

9.330]

62,712

0%]

STA( 0
STA( -1k+000 @ 3k+300 ) 212,992 246,542 917,449 0% 0
STA( 3k+300 @ 7k+700) 290,357 245,393 938,784 0% 0
STA({ 7k+700 @ 9k+900 ) 280,901 202,417 458,420 0% 0
STA( 9k+900 @ 10k+750 ) 199,024 55,598 163,500 0% 0

TOTAL 983,402 759,280 2,840,865 0




DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 41.5 FT - 25,000 m3 / wk
( Basic=1 dredge; without drilling }
(rev.21)

Celda: C3
Comentario: The dredging volume was estimated by tne Survey Branch in December 200z, and inciuges an overswing o° 25 feet at each side of the cana:

Celda: D3
Comentario: The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 1zet at each side of the canal.

Ceida: 7
“omentario: Reach area is calcuiated using AUTOCAD software

Celda: F3
Comentario: Percentages based on MIND: Captain dredging experience in the canal.
Celda: G3

Comentario: Drilling and Blasting net area for each reach was calculated by multiplying the area of each reach (Coi. E) by the percentage of hard material, according to the percentage of
driling and blasting( Col. F ).
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DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 41.5 FT - 25,000 m3 / wk
( 2 dredge=Mindi; without drilling )

{(rev.21)
4 B C 1 D | E 1] E 1 G
2 AREA AND VOLUME - DRAFT 41.5'
Overdradge
REACHES Dredging Volume | Volume from ) % Drilling & | Net Area for D&B
from -44.88't0 | -46.88't0 |DoD from-44.88 1o Blastin% 44.88't0 -54.88"
' -46.88' PLD (mts3)| -48.88' pLD | 9488 PLD(MIS | poiiired PLD (mts2)
3 {mts3)
5 STA( -2k+700 @ -1k+000 ) 128 9,330 362,712 0% 0
6| STA(-1k+000 @ 3k+300) 212,992 246,542 917,449 0% 0
7 STA( 3k+300 @ 7k+700 ) 290,357 245,393 $38,784 0% 0
8 STA( 7k+700 @ 9k+900 ) 280,901 202.417 458,420 0% 0
9| STA(9k+300 @ 10k+750) 199,024 55,598 163,500 0% 0
10 TOTAL 983,402 755,280 2,840,865 0




DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 41.5 FT - 25,000 m3 / wk
( 2 dredge=Mindi; without drilling }
(rev.21)

Celda: C3
Comentario: The dredging volume was estimated by the Survey Branch in Jecember 2002, and inciudes an overswing of 25 feet at each side of the canai

Celda: D3
Somentario: The overdredge volume was estimated by the Survey Branch in December 2002, and incluaes an overswing of 25 feet at each side of the canai.

Ceida: £2
Zomentario: Reach area is calculated using AUTOCAD software.

C:ida: F3
Comentario: Percentages based on MINDI Captain dredging experience in the canal.

Celda: G3
Comentario: Drilling &~ Blasting net area for each reach was calculated by multiplying the area of each reach (Col. E) by the percentage of hard material, according to the percentage o'
driliing ar olasting( Col. F )
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Atlantic Entrance Deepening for 46’Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 46'- 25,000 m3 / wk
( Basic=1 dredge; without drilling )

(rev.21)

1 B c D | E i F | G |
> AREA AND VOLUME - DRAFT 4¢’

REACHES Dredging Volume | Overdredge Volume | e n from 44 88 to| 7 Drilling & | Net Area for D&E -

from ~44.88' to -] from-51.38to - 59,38 > Blasting 44 88'to -59.38

. 51.38'PLD (mts3) | 53.38'PLD (mts3) | ~29-38(mts?) Required PLD (mis2)
5 STA( -2x+700 @ -1k+000 } 90.020 188,475 362,712
6 STA( -1k+000 @ 3k+300 } 1,082,584 708,056 917,449 0% .
7 STA( 3k+300 @ 7k+700 ) 1,067,958 525,892 938,784 0% 0
& STA( 7k+700 @ 8k+800 ) 766,796 227,982 229,210 0% C
9 TOTAL 3,007,359 1,650,505 2,448,155 (




Celda:
omentario:

Celda:
Comentario:

Celda:

comentario:

Celda: |
omentaric:

Ceida:
~omentario:

DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 46'- 25,000 m3 / wk
{ Basic=1 dredge; without drilling )
(rev.21)

c3
The dredging volume was estimated bv the Survey Branch in December 2002, 2~d includes an overswing of 25 feet at eac™ side of the canal.

D3
The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canai.

E3
Reach area is calculated using AUTOCAD software.

Percentages nased on MIND! Captain dredging experience in the canai

G3
Driling and Blasting net area for each reach was calculated by multiplying the area of each reach (Co!. £) by the nercentage of hard material, according to value of drilling and
biasting( Col. F ).



froL 980°€99°¢ _ [8L1°766 v98°259'Y 505°059°) 65€'200°E Wil 6
ov 0 or  |000'09 00062 | oN @bpoig |0 81766 %00} 81 v66 286'222 96.'99. (008+48 D 00L+-. V1S | 8
I 12 0 000'09 00062 L oN 8BpoId [168'06G L 0 %0 1G6'E6G' L 266'62S 6562901 (00L+1L @ 00g+E 13 | 2
oE oe 0 000°09 00082 | on ebpaia [0v9062't 0 %0 0V9'06L'L 950'80. ¥85'280'1 { ooe+ye @ 000+ML- )vis | 9
G g 0 000°09 00052 | oN 9bpaiq |s6r'8.2 0 %0 S6V'8/2 S14'88) 02006 { 00011 ® ooL+¥2- WIS | &
Tesi) €
S

ERSCIE Evill NETCCT e (s owmop | & MW%,_% won | @1d 8E716-

0 wpsw o IPe (.w) swnoa | efejusois, e10] Buibpaiq | B8E} S o) g8 pp- woi

S gom) Hos e uos ue pie € Y d [Bi0) butbpa:a | 5n oA abpaupian } .88y 4

?xwwz, i pue pieH pue pley 390340 () sumon JeuslRwW psjewnsy _ 0 awnjoA Buibpeig s
:o& _ﬁ_“i NEEL 1 F18VIVAY | jeusjew yos wnpaw  [lelsiepy wnipaiy IHOVAN .
(sypam) uoneing | /gW) ALIAILONAON pue pJeH PUg PIEH (W) 97 14v¥A - IWNTOA
39034a
N W _ 7 Y] _ r I H [5) 4 3 _ a 0 a b
{1z A2)

( Buijup InoIm tebpaip |=oiseq )
XM [ EW 000°SZ -9V LAVHA
ADNVHLINT DILNVYILY N3d33Q OL NOILYANGA ANV JWNTOA ONIDATNA




‘@ uwnjo2 snid 9 LLINOD JO WNS 8y} S} BWNOA BuiBpalp |BJ01 8y ‘ouUeaWIO!
€3 'epjpd

* youelg A3AIng ay) Aq pajenojes awnjoa BuBpaip auyy o) Bulpuodsaiod (q uwinod ‘| J9ayspeaids woly papodil anig,, . OLIRUIWo!
£Q ‘epidd

" youesg Aaning auy Ag pojenojed awnjoa BuiBpalp syy 0) Huipuodsausod g uwniod ‘| J1oayspes.ds woly pajoduwl SN (oLRIUALLY
€0 ‘epdd

‘W uwnjod snjd 7 UWNod JO WINS 8U} S UOIJEIND ()0 0UBJUBIO.

ZN ‘Bp13D

“Apaionpoud Buipuodsaliod sy Aq [BUBIEW YOS Jo PIBY jC D1L0A 311 BUIPIAD AQ pale, 7 2Ra uoneIng toHBjuswC”
271 epled

uoisinia Buibpaiq jo youelg suonessdo 7. pepiroid anjea [eouosiy abe. .~ 12 nuaWos
Zf epIed

"9 UWN(0D SNUIL 3 UWN[OD JO 82UBLBHIP BU} AQ PAJEUNISS SEM JUIN|OA [ELISJEW j0S (OLIBUSUIO.
ZH ‘ep18D

‘4 uwnjod Ag 3 uwnjod Bujdiinu AG pejew)Sa SEM @1:MOA [BLISIEW WNIPBW PUE It OLIBIUSWO,
FASRE:41T¢le)

‘leued ay) ul 9auanadxa Buibipasp uelded NIV UC 23seq Sabeiadsad (0HBIUdWOTL
24 :epjed

(1z Aa1)
{ Buliup 3noypm tebpaip |=oiseq )
AM / gW 000°Se -9V Ldvaa
JONVHLNI DILNYILY N3d33a OL NOILYYNA ANV IWNTOA ONIDATUA



( Bunup Inoypm ‘abpaip | =diseq )

%M [ €W 000°SZ - 9% 1dvHd
AONVHELINT OILNVILVY N3d33d Ol 1SOJ ONI9Da3da

012°297'5E$ v98'159'Y 505'059°L 6GE°200°E WL0L 5
925'966'C1$ 98'G$ 20p1$ 0 8.1'v66 | ON 8Bpaiq  |8.4'v66 286'122 96/'99/ (008+%8 @ 00L+%L V1S 8
£6G'0bE 6% 98 6% L0v1$ 1G6'€65'1 0 L oN eBpaug  [igp'e6s't 266'GZS 666°/90'} (00249L @ 00E+XE WIS | L
0S1'E6V'01$ 98'G$ L0VLS 0¥9'06.°L 0 L oNaBpard  0v9'06L°L 950'80/ ¥85'280°1 (00£+%€ @ 000+AL- VLS | 9
186'1€9' LS 98'6$ L0VL$ S6Y'8.2 0 L oN ofpaig  [sey'8le SIt'881L 020'06 { 000+%i- ® 002+42- VIS |
i. . i i i L it v
g
I (W) swnjoA (gsww) a1d Amw::,v_ o
jeusrnu yog | pieq wiipspy ~un(on £ 8£'66- 01 gglg- woy| d1d 8EuET
HOVAY pue pieH duinjoa lelisjew abpal(] SIgeNeA g1 Buibpaiq awnoA abpaipssa0 01 ,88'pp- WO
A€ 1SOD W01 leusiew yog | - axj wnjpew |°0Po1d SIABIEAY ownjo BuiBpsiq S3HOvaA
pue piep
1809 LINN ONIDAIHA (;w) .9y 14vHa - IWNT0A ¢
S r " H 9 4 3 a 2 g b
(1T "n01)




' Litinjod snid O UWIN[0D Jo Wik sy St awnion BuBpalp |e10f o,

€3:

‘@ UWIN|od *} 198yspealds woy papodull anjeA :
eq:

"0 uWN|D '} 98usLeoIds woyy papodw SNk,

€0

oURUBII0D

EPIRD

ouegjuswoy
epjan

DUIRIUBWOY
epY

(I7JO0L.H'I0D + 1100, 107 )=0} [ENDI SEM pasn B0} oy 1081341 "9oud un Buipuodsaiiod ay) AQ jelajeul Yos 10 piey JO awnoa sy} Jo 1npoid auy 0} |enba si yoral AQ 1500 |2)0] 10LRJUAWIC™

on

eplan

‘uoyIpuod 2160]0a6 |10S SuUUBLLIGNS By} O} paje}al uolonpoid Juswdinba uo paseq pajewnse alem sjso3 Jun Buibpaiq :ouRIUBWGY

(12 not)
( Buyjjup Jnoyim ‘abpaip L=oi1seg )
IM [ €W Q00°6Z - .9F 14vHA
JONVYLINT OILNVILY N3d33a 0L 1S0OD ONIDa3eia

[

- LTION ‘7 jeayspealds W,

LRNBA
THY

‘© uwNjoo ‘g ;o uspeasds woly papodw arnie

(49N

epj2o

ouejuaL:.
epis)d

LreUdWIOD
EP[3D



DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 46'- 25,000 m3 / wk
{ 2 dredge=Mindi; without drilling )

(rev.21)
1 B c D 1 E l F i G '
2 AREA AND VOLUME - DRAFT 46’
!
REACHES Dredging Volume | Overdredge Volume | nepm tom 44 gg' to] % Drilling & | Net Area for D&B -
from 44.88'to  -| from -51.38'to - 5é03né'(mt§2> °| Blasting | 44.88 tc-59.38'

© o N o Ao

51.38' PLD (mts3)

53.38' PLD (mts3)

Required

PLD (mts2)

STA{ -2k+700 @ -1k+000 ) 80,02 188 475 362,712 0%

STA( -1k+000 @ 3k+300 ) 1,082,584 708,056 917,449 0%

STA(3k+300 @ 7k+700 ) 1,067,959 525,992 938,784 0%

STA( 7k+700 @ 8k+800 ) 766.796 227,982 229,210 0%
TOTAL 3,007,359 1,650,505 2,448,155

—~t~ o o o




Celda:
omentario:

Celda:
Comentario:

Celda:

—omentario:

Celda:
omentario:

Celda:
Comentario:

DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT 46'- 25,000 m3 / wk
( 2 dredge=Mindi; without drilling )
(rev.21)

C3
The dredging voiume was estimated by the Survey Branch in December 2002. and incluaes an overswing of 25 feet at eacn side of the canal.

D3
The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canal.

E3

Reach area is calcuiated using AUTOCAD software.

Fo

Percentages based on MINDI Captain aredging experience in the cana:

G3

Drilling and Blasting net area for each reach was calculated by multiplying the area of each reach (Col. E) by the percentage of hard material, according to value of drilling and

biasting{ Col. F }.
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Atlantic Entrance Deepening for 50’ Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 50' - 25,000 m3 / wk
( Basic=1 dredge; without drilling )

(rev.21)
1 B C D [ E | F G
> AREA AND VOLUME - DRAFT 50
Dredging Overdredge
REACHES Volume from -|Volume from - D&B from -44.88 to| 7° Prilling & D';;t_ﬁfgsf,?; )
44.88'to - 55.38'to - 63.38(mt P Blasting 53.38" .PLD
55.38' PLD | 57.38' PLD -63.38(mts’) Required (.mts2)
3 (mts3) (mts3)
4 ST TE T
5 STA( -2k+700 @ -1k+000 ) 379,229 206,462 362,712 0% 0
6 STA( -1k+000 @ 3k+300 ) 2,219,422 572,659 917,449 0% 0
7 STA( 3k+300 @ 7k+700 ) 2,165,139 559,643 938,784 0% 0
8 STA( 7k+700 @ 8k+800 ) 1,244 896 252,375 229,210 0% 0
9 TOTAL 6,008,686 1,591,139 2,448,155 0




DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 50° - 25,000 m3 / wk
{ Basic=1 dredge; without drilling }
(rev.21)

Celda: C3
Comentario: The dredging volume was estimated by the Survey Branch in December 2002. and includes an overswing oi 25 feet at each side 57 the canal.

Celda: D3
Comentario: The overdredge volume was estimated by the Survey Branch in December 2002. and includes an overswing of 25 feet at each side of the canal.

Celda: E3
Comentario: Reach area is calculated using AUTOCAD software.

Celda: F3
Zomentaric: Percentages based on MINDI Captain dredging experience in the canal.

Celda: G3
Comentario: Drilling and Blasting net area for each reach was calcuiated by multiplying the area of each reach (Col. E) by the percentage of hard material, according to the value «
driliing and blasting requiered( Col. F ).
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DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 50" - 25,000 m3 / wk
(2 dredge=Mindi; without drilling)

(rev.21)
1 B c | o ] E | G
) AREA AND VOLUME - DRAFT 50'
Dredging Overdredge
- Net Area for
REACHES Volume from -fVolume from | pg g rom 44 88 to| % Drilling & |10y gaus
44 88' to - 55.38' to - 6338 5 Blasting 63.38' PLD
55.38'PLD | 57.38'pLD | ~63.38(mts) Required imts2)

(mts3)

(mts3)

3

4
5 | STA(-2k+700 @ -1k+000 ) 379,229 206,462 362,712 0% 0
6 STA( -1k+000 @ 3k+300 ) 2,219,422 572,659 917,449 0% 0
7 STA( 3k+300 @ 7k+700 ) 2,165,139 559,643 938,784 0% 0
8 STA( 7k+700 @ 8k+800 ) 1,244,896 252,375 229,210 0% 0
9 TOTAL 6,008,686 1,591,139 2,448,155 0




DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 50’ - 25,000 m3 / wk
(2 dredge=Mindi; without drilling}
{(rev.21)

Celda: C3
Comentario: The dredging volume was estimated by the Survey Branch in December 2002, and includes ar: overswing of 25 feet at eacr side of the canal.

Celda: D3
Comentario: The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canal.

Celda: E3
Comentario: Reach area is caiculated using AUTOCAD software.

Ceida: F3
Zz sentaric: Percentages based cr MINDi Captain dredging experience ir the canai.

Celda: G3
Zomentario: Drilling and Blasting net area for each reach was calculated by muitiplying the area of each reach (Col. E) by the percentage of hard materiai, according to the value ¢
drilling and blasting requiered( Col. F ).
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APPENDIX No. 9

Atlantic Entrance Deepening for 41.5’, 46’,
and 50’ Draft Calculations

Assuming One of the Cutter Suction Dredges
Productivity is 1.5 times ACP Cutter Suction
Dredge MINDI



Atlantic Entrance Deepening for 41.5’ Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
NEW DREDGE PRODUCTION = 1.5 MINDI

DRAFT 415FT

( 1 dredge=1.5 Mindi; without drilling )

(rev.21)
1 B C D 1 E | F 1 G
) AREA AND VOLUME - DRAFT 41.5'
Overdredge
REACHES Dredging Volume | Volume from D&B f .44.88 to| 7 Drilling & [Net Area for D&B 4
from 44.88 to | 468810 | BEELD ©°° Blasting | 44.88't0 -54.88'
-46.88' PLD (mts3)| -48.8¢' PLD | 54 (Mts) | Required PLD (mts2)
(mts3)

AW

STA( -2k+700 @ -1k+000 )

: 12 P

9.330

5 362,712 0% 0
6 STA( -1k+000 @ 3k+300 ) 212,992 246,542 917,449 0% 0
7 STA( 3k+300 @ 7k+700 ) 290,357 245,393 938,784 0% 0
8 STA( 7k+700 @ 9k+900 ) 280,901 202,417 458,420 0% 0
9 STA( 9k+900 @ 10k+750 ) 199,024 55,598 163,500 0% 0
10 TOTAL 983,402 756,280 2,840,865 0




Celda:
Comentario:

Celda:
Comentario:

Celda:
Comentario:

Celda:

Comenzario:

Celda:
Comentario:

DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
NEW DREDGE PRODUCTION = 1.5 MINDI
DRAFT 41.5FT
( 1 dredge=1.5 Mindi; without drilling )
{(rev.21)

c3
The dredging volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at eacn side of the cana.

D3
The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at eacn side of the canal.

E3
Reach area is calculated using AUTOCAD software

F3
Percentages based on MINDI Captain dredging experience in the canal.

G3
rilling and Blasting net area for each reach was calculated by multiplying the area of each reach (Col. E) by the percentage of hard material, according to the percentage of
drilling and blasting( Cc. F).
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DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE

O

Y

DRAFT 41.5 FT
( 2 dredge=Mindi + 1.5Mindi; without drilling )
{(rev.21)
B C | D | E ] F 1 G
AREA AND VOLUME - DRAFT 41.5'

Overdredge

REACHES Dredging Volume | Volume from D&B from -44.88 to| 7 Prilling & |Net Area for D&B 1

from 44.88't0 | -4688't0 | SZSISLD e °| Biasting | 448810 -54.88"
-46.88' PLD (mts3)| -48.88' PLD | > (Mts) | Required PLD (mts2)

(mts3)

© 0o N O W

STA( -2k+700 @ -1k+000 ) 128 9,330 362,712 0
STA( -1k+000 @ 3k+300 ) 212,992 246,542 917,449 0% 0
STA( 3k+300 @ 7k+700 ) 290,357 245,393 938,784 0% 0
STA( 7k+700 @ 9k+900 ) 280,901 202,417 458,420 0% 0
STA( 9k+900 @ 10k+750 ) 199,024 55,598 163,500 0% 0

TOTAL 983,402 759,280 2,840,865 0




Celda:
Comentario:

Celda:
Comentario:

Celda:
Zomentario:

Ceida:

Comentario:

Celda:
Comentario:

DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE

DRAFT41.5FT
( 2 dredge=Mindi + 1.5Mindi; without drilling }
{rev.21)
c3
The dredging volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canal.

D3
The overdredge volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canal.

E3
Reach area is calculated using AUTOCAD software

Fa
Percentages based on MINDI Captain dredging experience in the canal.

G3
Drilling and Blasting net area for each reacn was calculated by multiplying the area of each reach (Col. E) by the percentage of hard material, zccording to the percentage o
drilling and blasting{ Col. F ).
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Atlantic Entrance Deepening for 46’Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE

NEW DREDGE PRODUCTION = 1.5 MINDi

DRAFT 46'
(1 dredge=1.5 Mindi; without drilling )
(rev.21)
1 B C | D | E | 1 G
2 AREA AND VOLUME - DRAFT 46’ |
|
REACHES Dredging Yolume Overdredge Volume | ngp from -44 88" to| % Drilli.ng & {Net Area for D&B
from -44.88' to -] from-51.38"to - 50 38'(mts” Blasting 44 .88' to -59.38
51.38' PLD (mts3) -58.38'(mts”) Required PLD (mts2)

oW

0 0o ~N ;O

53.38' PLD

(mts3}

188,475

0%

STA( -2k+700 @ -1k+000 ) 90,020 362,712 “

STA( -1k+000 @ 3k+300 ) 1,082,584 708,056 917,449 0% OI

STA( 3k+300 @ 7k+700 ) 1,067,959 525,092 038,784 0% r

STA( 7k+700 @ 8k+800 ) 766,796 227,982 229.210 0% (
TOTAL 3,007,359 1,650,505 2,448,155




Celda:
.omentario:

Celda:
“omentario:

Celda:

Comentario:

Celda:
Somentario:

Celda:
>omentario:

DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
NEW DREDGE PRODUCTION = 1.5 MIND!
DRAFT 46'
(1 dredge=1.5 Mindi; without drilling )
(rev.21)

c3
The dredging voiume was estimated by the Survey Branch in December 200Z. and includes an overswing of 25 feet at each side of the cana!

D3
The overdredge voiume was estimated by the Survey Branch in December 2002, and inciudes an overswing of 25 feet at each side of the canal.

E3
Reach area is calculated using AUTOCAD software.

Fa
Percentages based ori MIND! Captain dredging experience in the canai.

G3
Drilling and Blasting net arez for each reach was calcuiated by muitiplying the arez of eacr. reach (Coi. £; by the percentage of hard material. according to value of drilling and
blasting( Col. F ).
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DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE

DRAFT 4¢'
(2 dredge = Mindi + 1.5Mindi; without drilling )
(rev.21)
1 B c | D | E 1 F 1 G ‘
5 AREA AND VOLUME - DRAFT 46'
REACHES Dredging Volume | Overdredge Volume |qep ¢ 44 agrio| % Drilling & | Net Area for D&B -
from -44.88' to -1 from-51.38"to - 59 38" t‘ 2, Blasting 44.88't0 -59.38'
, 51.38' PLD (mts3) | 53.38' PLD (mts3) -59.38/(mts”) Required PLD (mts2)
v 4 : v—':-E: - : ; “::‘ AL ""“ "v>’ i " ' “"1‘""""‘""""""‘"'f]i""‘. - ':"" ‘ ST PR LS ST e & -
5 STA( -2k+700 @ -1k+000 ) 90,020 188,475 362,712
; € STA( -1k+000 @ 3k+300) | 1,082,584 708,058 017,449 0% .
7 STA( 3k+300 @ 7k+700 ) 1,067,959 525,992 938,784 0% 0’
8 STA( 7k+700 @ 8k+800 ) 766,796 227,982 229,210 0% (
9 TOTAL 3,007,359 1,650,505 2,448,155 {




Celda:
~omentaric:

Ceida:
Comentario:

Ceida:
Comentario:

Ceida:
.omentaric:

Celda:
~omentario:

DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 4¢'
(2 dredge = Mindi + 1.5Mindi; without drilling )
(rev.21)

c3
The dredging voiume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feei a1 each side of the canal

D3
The overdredge volume was estimated by the Survey Brancn in December 2002, and includes an overswing of 25 feet at each side of the canai.

E3
Reach area is calculated using AUTOCAD scftware.

73

Percertages baser or MINDI Captair aredging experience in the cane

G3

Drilling and Blasting net area for each reach was calculated by multiplying the area of each reach (Col. E) by the percentage of hard material, according to value of drilling and
blasting( Col. F ).
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Atlantic Entrance Deepening for 50’ Draft
Calculation

Scheme No. 1: One Cutter Suction Dredge
Scheme No. 2: Two Cutter Suction Dredges



NEW DREDGE PRODUCTION = 1.5 MINDI

DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE

DRAFT 50’
(1 dredge=1.5 Mindi; without drilling)
(REV.- 21)
1 B c | D | E | F | G
5 AREA AND VOLUME - DRAFT 50’
urvuynly VT UT LU NGO LU /AN
Volume e _ | % Drilling| for D&B -
REACHES 4 Afré)épt- %o?ume %%ng%n_ I;I &t _ J 4%38%‘%0 -
. o-| from- X 2 astin .38’
£538" |55.38'to -| 63.38(Mts”) | Requirey

4 A Sl o
5 FA(-2k+700 @ -1k+000 ) 379,229 206,462 362,712 0% 0
6 JTA(-1k+000 @ 3k+300) 2,219,422 572,659 917,449 0% 0
7 PTA(3k+300 @ 7k+700 ) 2,165,139 559,643 938,784 0% 0
8 PpTA( 7k+700 @ 8k+800 ) 1,244,896 252,375 229,210 0% 0
9 TOTAL 6,008,686 1,691,139 2,448,155 0
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Subsystem:

Error:
Operator:

Position:
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DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE

W

DRAFT 41.5FT
( 2 dredge=Mindi + 1.5Mindi; without drilling )
(rev.21)
B C T D [ E [ F | G
AREA AND VOLUME - DRAFT 41.5’
Overdredge
REACHES Dredging Volume | Volume from D&B from -44.88 to| 7 Drilling & | Net Area for D&B 1

from -44.88' to -46.88' to 2 Blasting 44 88°to -54.88"
-46.88' PLD (mts3)| -48.88' PLD | 9488 PLD(MISY) [ oo lired PLD (mts2)

(mts3)

STA( -2k+700 @ -1k+000 ) 128 <,330 352,712 0%

5 0
6 STA( -1k+000 @ 3k+300 ) 212,992 246,542 917,449 0% 0
7 STA( 3k+300 @ 7k+700 ) 290,357 245,393 938,784 0% 0
8 STA( 7k+700 @ 9k+900 ) 280,901 202,417 458,420 0% 0
9 STA(9k+900 @ 10k+750 ) 199,024 55,598 163,500 0% 0
10 TOTAL 983.402 759,280 2,840,865 0




Celda:
Comentario:

Celda:
Comentario:

Ceida:
Comentario:

Celda:

Comentario:

Celda:
Comentario:

DREDGING VOLUME AND DURATION TO DEEPEN ATLANTIC ENTRANCE
DRAFT41.5FT
( 2 dredge=Mindi + 1.5Mindi; without drilling )
(rev.21)

C3
The dredging volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet a1 eac™ side of the cana:

D3
The overdredge volume was estimated by the Survey Branch in December 2002, and includes a overswing of 25 feet at each side of the cana..

E3
Reach area is calculated using AUTOCAL software

F3
Percentages based on MINDI Captain dredging experience in the cana:.

G3
Driliing and Blasting net area for each reach was calculated by multiplyinc the area of each reach (Col. E) by the percentage of hard material, according to the percentage ot
drilling and biasting( Col. F ).
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DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE

DRAFT 50’
( 2 dredge= Mindi + 1.5Mindi; without drilling )
(REV.- 21)
1 B c | D | E | E G
5 AREA AND VOLUME - DRAFT 50
Dredging Overdredge
- Net Area for
REACHES Volume'from - Volume'from DB from 44 88 to % Dnlhlng & D&B -44 88'to -
44 .88' to - 55.38'to - 63.38 2 Biasting 63.38' PLD
55.38'PLD | 57.3gpLD | -63-38(mts) Required (mts2)
(mis3) (mts3)

© o N O bW

¥

STA( -2k+700 @ -1k+000 )

379,229 206,462 362,712 0% 0

STA( -1k+000 @ 3k+300 ) 2,219,422 572,659 917,449 0% 0
STA( 3k+300 @ 7k+700 ) 2,165,139 559,643 938,784 0% 0
STA( 7k+700 @ 8k+800 ) 1,244,896 252,375 229,210 0% 0
TOTAL 6,008,686 1,591,139 2,448,155 0




Celda:
Comentario:

Ceida:
Comentario:

Celda:
Comentario:

Celda:

Comentario:

Celda:
Comentario:

DREDGING VOLUME TO DEEPEN ATLANTIC ENTRANCE
DRAFT 50'
( 2 dredge= Mindi + 1.5Mindi; without drilling )
(REV.- 21

C3
The dredging volume was estimated o. the Survey Branch in Decembe 200Z. and includes an overswing of 23 feet at each side of the canal.

D3
The overdreage volume was estimated by the Survey Branch in December 2002, and includes an overswing of 25 feet at each side of the canal.

E3
Reach arez is calculated using AUTOCAD software.

F3
Percentages nesed on MINDI Captain drecaing experience i the cana..

G3
Drilling and Blasting net area for each reach was ca.:ulated by multiplying the area c. each reacn (Col. E) by the percentage of hard material, according tc the value ¢f
drilling and blasting requiered{ Col. F }.
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APPENDIX No. 10

Atlantic Entrance Deepening for 41.5’°, 46’,
and 50’ Draft Gantt Chart

One Cutter Suction Dredge Scenario

Cutter Suction Dredge Productivity = MINDI's
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APPENDIX No. 11

Atlantic Entrance Deepening for 41.5’, 46°,
and 50’ Draft Gantt Chart

Two-Cutter Suction Dredge Scenario

Cutter Suction Dredge Productivity = MINDI’s
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APPENDIX No. 12

Atlantic Entrance Deepening for 41.5’, 46°,
and 50’ Draft Gantt Chart

One-Cutter Suction Dredge Scenario

Cutter Suction Dredge Productivity = 1.5 MIND/’s
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APPENDIX No. 13

Atlantic Entrance Deepening for 41.5°, 46’,
and 50’ Draft Gantt Chart

Two-Cutter Suction Dredge Scenario

Cutter Suction Dredge Productivity = 1.5 MINDI’s
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APPENDIX No. 14

ACP Cutter Suction Dredge MINDI Costs



Appendix No. 14 A
Updated on Nov 1€ 2002

DREDGING RATES OF THE "MIND!"
Inflation Factor Conversion  1.023
Division Overhead 12%
Tota! Costs Marginal Costs
Hourly Cost for Availability $ 781 n.a.
Hourly Cost for Labor 624 624
Indirect Costs relating to Labor 75 75
Average Hourly Cost of Fuel 233 233
Support for 3 small tugboats 344 /1 344
Guard or Passenger Boat Support 8111 81
Hydrographic Launches Support (5 days a
week - day shift) 15
Sub-total for Support 439 . 439
Total $ 2,153 $ 1,371
Cost by Shift
Cost for Availability for 8 hours $ 6,251 n.a.
Cost of Labor for 8 hours 5,591 5,591
Fuel Consumption for 8 hours 1,399 1,399
Support for 8 hours 3,514 3,514
[Total Cost by Shift $ 16,756 10,504
Daily Cost
Cost for Availability 18,754 n.a.
Labor Cost 16,774 16,774
Fuel Consumption 4,196 4,196
Support 10,542 10,542
otal Daily Cost $ 50,267 $31,512
Weekly Cost
Cost for Availability 131,281 n.s.
Labor Cost 117,421 117,421
Fuel Consumption 29,370 29,370
Support 73,794 73,794
otal Weekly Cost $ 351,866 $220,585
Estimated Excavated Volumes by Week (Cubic Meters in Bank)
Productivity a 25,000
Productivity b . 37,500
Productivity ¢ 60,000
- Producti-ity d 90,000
Cost of Cubic Meter in Bank
Productivity a $14.07 $8.82
Productivity b $9.38 $5.88
Productivity ¢ $5.86 $3.68
Productiity d $3.91 $2.45




Appendix No. 14 B
Updated on Fec. 12, 2001

"MIND!" DREDGE

Overheacd 12%
Employee Benetits 38%
Night Shift Differential 10%
Complementary Sunday 25%
Overtime 50%
DAY SHIFT
Total . X 8 hours overtime
On Deck Department: Grade No. Hourly Hourly Annua! Rate With Benefits § hours weekly with weekly with benefits
Rate Annuaily benefits annualiy
Rate annually
Captain in charge FE-17 1 $ 3421 § 3421 § 71,157 § 98,211 § 18,414 ¢ 29,463
Welder MG-10 3 17.56 52.68 109,574 161,235 28,356 45,37C
Seaman MG-07 1 6.96 6.96 14,477 19,981 3,746 5,994
Laborer MG-03 1 5.75 5.75 11,960 16,507 3.085 4.952
Subtotal 6 $ 99.60 207,168 285,933 53,612 85.780
Engine Department:
Chief Engineer ME-16 1 $§ 3202 § 3202 ¢ 66,602 § 91.924 § 17,238 S 27,577
Deputy Chief Sngineer ME-15 i 29.99 29.9¢ 62,37¢ 86,086 16,142 25,82¢
Engineer ME-14 4 28.15 28.15 58,5652 80,813 15,153 24,244
Electrician FE-11 24.35 24.35 50,648 69,904 13,107 20,971
Machinist MG-10 1 17.56 17.56 36,525 50,412 9,452 15,123
Nautical engine mechanic MG-10 2 17.56 35.12 73,050 100,823 18,804 - 30,247
Electrical Equipment Repairer MG-0¢ 1 1112 11.12 23.130 31,923 5.986 9,577
Subtotal 8 178.31 370,885 511,895 95.980 153.56¢
Staff at Dredged Material Disposal Sites
Leader ML-10 4 $ 1931 § 19.31 8§ 40,165 § 55435 § 10,394 § 16,631
Helpers MG-05 2 6.23 12.46 25,917 35,770 6,70 10,731
Subtotal 3 31.77 66,081.60 91,205.82 17,101.09 27,361.75
TOTAL- DAY SHIFT CREW 14 $ 309.68 644,134 889,034 166,694 268,710
ROTATION CREW
On-deck Department:
Dredge Operataor FE-14 1 $ 2815 § o815 $ 58,852 § 80,813 § 15,183 ¢ 24,244
Dredge Officer FE-11 1 24.35 24.35 50,648 69,904 12,107 20,871
Dredge Seaman Leader ML-08 1 9.74 9.74 20,259 27,962 5,243 8,389
Winch Operator MG-08 2 8.25 16.50 34,320 47,368 8,882 14,211
Dredge Seaman MG-07 7 6.96 48.72 101,338 139,866 26,225 41,960
Subtotal 12 $ 127.48 265,117 365,914 68,609 108,774
Engine Department:
Dredge Engineer ME-14 1 $ 2815 § 2815 § 58,552 § 80,813 § 15,153 § 24,244
Dredge Engineer ME-11 1 $ 2435 2435 50,648 69,904 13,107 20,971
Oiler MG-08 2 8.25 1€.50 34,320 47,368 8.882 14,2114
Subtotal 4 $ 64.00 143,520 198,086 37,141 59,426
Staff at Dredged Material Disposal Sites
Tractor Operators MG-10 2 $ 1756 § 3512 §$ 73,050 $ 100.823 § 189804 $ 30,247
Helper MG-08 2 8.25 18.50 34.320 47.368 8.882 14,211
Subtotal $ 51.62 107,370 148,192 27,786 44457
TOTAL- ROTATION CREW 16 $ 248.08 516,00¢ 712,192 133,536 213.658
TOTAL -4 ROTATION CREWS 2.064,026 2,848,768 534,144 854.530
TOTAL -5 ROTATION CREWS 2,580,032 3,560,960

TOTAL WITH 4 CREWS, 1:DAY SHIFT AND OVERTIME : *:

555

TOTAL WITH 5.CREWS 1 DAY.SHIFT AND NO OVERTIME . ;. e 449,994 -
508
Total Average Rate with cargo - 4 rotation crews and 8 hours of overtime weekly for each crew
Monday to Friday 660.01
Saturday 474.79
Sunday 593.49
Total Average Hourly Rate $ 624.05 5,466,664

Total Average Rate with cargo - 5 rotation crews and 1 hour of overtime weekly

Monday to Friday 645.15
Saturday 497.34
Sunday 621.67
Total Average Hourlx Rate $ _ 620.68 5,437,166

1/ There are 5 steps in the hourly wage grade, and the iast step was used

2/ Employee bene! iz were included at 38.02% of the average hourly . ‘es

3/ Included in the average hourly wages were 10% for night different i, 25% for complementary Sunday,
and 50% for overtime.

4/ Eight hours of weekly overtime were included for each crew



Dredging Division - Mindi Suction Dredge

FY 1995

Costs Actual
Labor $ -
Supplies/Materials (excluding fuef) 905,333
Supplies/Materials for Disposa! Sites
Other Direct Expenses 1,328,672
General Maintenance 531,943
Indirect Maintenance CC 556
Ecquipment Maintenance at Disposal Sites
Overhaul Expenses 328,029
Depreciation 508,597
Maintenance at Disposal Sites
Maritime Insurance

Tota' $3,602.574

Total Annual Estimate

Number of Available Days

Daily Cost for Availability without crew (demand)
Hourly Cost for Availability without crew (demand)

Hourly Cost for Availability
Stand-by or day crew, hourly
Total Hourly Cost for Availability

Hourly Cost for Availability

Operations Crew - hourly cost

Hourly Cost of Fuel

Hourly Cost of Operation (without support equipment)

Support of 3 small tugboats

Guard or Passenger Suppo:t Boat

Hydrography Support Launzhes (5 days a week - day shift)
Hourly Cost of Operation (with support equipment) - )

Rate for Mobilization

Hourly Cost for Availability (without crew)

Hourly Cost of Operations Crew

Hourly Cost of Pilot (required to move dredge)

Cost of a large tugboat to move the dredge

Cost of a small tugboat to move the dredge

Cost of a mid-size tugboat to move pipes and pontoons
Cost of a small tugboat to move pipes and pontoons
Total Hourly Rate for Mobilization

FY 1996 FY 1997 FY 1998
Actual Actua! Actual
$ - $ - $ -
676,442 1,232,400 1,038,00C
58,000 313,000
1,612,966
310,300 1,180,000 852,000
32,000 88,000
691,217 1,571,000
491,390 544 654 601,226

$ 3,782,315 $4.618.05¢ $2892,226

Appendix No.14 C
Updated on March 20, 2001

Division
12% Overhead
(applied to
labor)
Yearly
Estimate
963,044
185,500
1,470,819
718,561
79,200 1/
60,000
863,415
536,467 2
72,837 3
$ 4,949,842
$ 4,949,842
270
$ 18,333
$ 764
Capital (with
Iinter- Division Commercial
Divisional overhead) (W/RGG)
$ 764 $ 764 $ 1,038
$ 310 % 347 § 47z
$ 1,074 $ 1,111 § 1,511
$ 764 $ 764 $ 1,039
$ 624 $ 699 $ 951
$ 228 44§ 228 § 310
$ 1,616 $ 1,691 § 2,299
$ 31 s § 336 $ 457
$ 73 $ 79 $ 107
$ 14 $ 15 § 20
$ 2,022 $ 2120 $ 2,883
$ 764 $ 764 $ 1,039
$ 624 $ 699 $ 951
3 45 $ 51 § 69
$ 332 $ 354 § 482
$ 106 $ 112§ 152
$ 202 $ 217 3 295
$ 106 $ 112§ 152
$ 2,180 $ 2,309 $ 3,140

1/ Distribution of Support of “other 550" of 556 was based on the equitable assignment of the 5 largest equipment of the central cost system.
2/ The depreciation includes the dredge and its improvements, its auxiliary equipment, the discharge pipes and pontoons, as well a 4 tractors.
3/ The cost of maritime insurance paid by ACP in 2000 was proportionately allocated to all insured floating equipment.

4/ Usage of 290 gallons/hour, 42 gallons/barrel, $33/barrel.
5/ One CHAME ciass and two ULUA types



APPENDIX No. 15

Yearly Cost Indexes for Channels & Canal

And

Consumer Price Index



Appendix No. 15

YEARLY COST INDEXES FOR CHANNEL & CANALS
SOURCE: U.S. CORPS OF ENGINEERS (USACE)

YEARLY PERCENTAGE
FISCAL YEARS YEARLY COSTS CHANGE
1995 470.64
199€ 482.90 0.026
1997 492.16 0.019
1998 503.55 0.023
1999 516.11 0.025
2000 526.72 0.021
2001 536.03 0.018
2002 - 550.03 0.026
LAST 8-YEAR AVERAGE 0.023
Notes:

1. Fiscal year correspond the period from October 1 to September 30
<. Forecasted data developed based on US Office of Management and Budget projections.



Consumer Price Index (CPl) Conversion Factors to Convert to 2001 Dollars
Using the CPI-U-X1 series, which applies the CPI used starting 1983 tc 1950-1982
Should be used when exact comparisons are needed between years during the period since 1950

To conver: dollars of a year to 2001 dollars, divide the dollar amount
of that vear by the conversion factor (CF) for that vear
For example, $1000 dollars of 1853 = $6135 dollarz of 2001 ($1060/ 0.163)

Year CF Year | CF Year | CF Year | CF Year CF Year | CF
1850 0.148 1960 0.182 1970 . 0.233 1980 | 0.4cs 1989 0.700 1999 ‘ 0.941
1851 0.160 1961 0.184 1671 } 0.243 1981 0.508 199C 0.738 2000 0.872
1852 0.163 1962 0.185 © 1972 0.251 1982 } 0.540 1991 0.769 2001 1.000 ;
1853 0.164 1963 0.188 1973 0.267 CPI-U = CPI-U-X1 1992 0.782 2002 | _1‘9_1& N

1954 0.165 1964 0.190 1974 0.283 1983  0.582 1983 0.816 2003 . 1.042 

1955 ’ 0.164 1965 0.193 1975 0.317 1984 - 0.587 1994 0.8~ 2004 ' 1.067

1956 | C 187 1966  (.198 1976 | 0.335 1985 | 0.608 1905 0.861 2005 - 1.083 :
1957 0.172 1967 . 0.20& 1977 | 0.357 1986 | 0.61S 1996 . (886 2006 | 1.120 i
1958 0.177 1968 0.213 1978 0.381 1987 0.641 1097 0.906 2007 : 147 I
1959 . 0.178 1969 0.223 1879 : 0.418 1988 | 0.668 1998 ; 0.920 2008 | 1.176 J‘

CPlis CPI-U-X1, which applies the post-1982 CPI methods to the period 1950 to 1982.

By definition, CPI-U-X1 equals CPI-U s:arting in 1983, so the conversion factors are the same.

2000 conversion factors use the final 2000 ysar-to-year CPI {172.2). Conversion factors for 200%-2008 use the
average of inflation estimates by the Office of Management and Budget and the Congressional Budget Office.
it is recommended that numbers be rounded to no more than three decimal places,

for example, $6135 in the example at the top of this page becomes $6140

Note: To reverse the process, that is, {o determine what a 2000-dollar figure wouid be in the doliars of another
year, simply multiply the 2001 figure by the conversion factor of that year. For exampie, $1000
2001 dollars would be $148 in 1950 ($1000 x 0.148 = 148), again rounded to 3 decimal places ($148).

The 1983 changes reduced the inflation rate by changing the way costs of home ownership are measured.
For reference, the following lists yearly inflation rate 1970 to 1985 using the CPI and the CPI-U-X1 series,
which applies the 1983 measure to the period 1950 to 1982.

CPI X1 Difference (CPI
CPI CPI-U-X1 Inflation Inflation minus X1)
1970 38.8 41.3 5.7 4.8 0.9
1971 40.5 43.1 4.4 44 0.0
1972 41.8 44 .4 3.2 3.0 0.2
1973 44.4 47.2 6.2 6.3 -0.1
1974 493 51.9 11.0 10.0 1.0
1975 53.8 56.2 9.1 8.3 0.8
1976 56.9 59.4 5.8 57 0.1
1977 60.6 63.2 6.5 6.4 0.1
1978 65.2 67.5 7.6 6.8 0.8
1979 72.6 74.0 11.3 9.6 1.7
1980 82.4 82.3 13.5 11.2 23
1981 90.9 90.1 10.3 9.5 0.8
1982 96.5 95.6 6.2 6.1 0.0
1983 99.6 99.6 3.2 4.2 -1.0

Starting 1983, CPI = CPI-U-X1, but comparing changes between 1982 and 1983 price levels
in CPl and CPI-U-X1 results in different rates of inflation for 1983.

cv2001x.pdf (c) 2002 Robert C. Sahr, Political Science Department, Oregon State University, Corvallis, OR 97331-6206
Rev 4/21/2002 ¢ mail: Robert.Sahr@orst.edu; WWW: http:www.orst.edu/Dept/pol_scilfac/sahr/sahrh-me.htm!
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APPENDIX No. 16

Atlantic Entrance Disposal Sites
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