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TECHNICAL MEMO ON UXO INVESTIGATION
AT THE PROPOSED DREDGE DISPOSAL SITE

INTRODUCTION

The ACP is evaluating several alternatives for disposing of approximately 70 million cubic
meters of excavation material from the proposed new lock construction at the Pacific site.
Potential alternatives for disposal of this material include terrestrial or marine sites that
could also be developed as land reclamation projects. One of the terrestrial disposal sites
being considered is a former military firing range located (don't’ know if this is the Empire
Range, Fort Clayton, Fort Sherman etc). This range was used by the United States
Military for live firing training and munitions testing from 1910 to the late 1990s.

The problem is how to best prepare this area as an upland disposal site for the dredged
materials at a minimum risk during constru ction activities and to people who may use the
recovered area over the ensuing years. The standard approach for clearing a former firing
range is by using geophysics followed by removal of potential dangerous materials
identified by the investigation.

BACKGROUND INFORMATION ON ORDNANCE

Ordnance and explosives (O&E) consist of ammunitions, ammunition components,
chemical or biological warfare material or explosives that have been abandoned, expelled
from demolition pits or burning pads, lost, discarded, buried or fired (i.e. UXO) and that are
no longer under accountable record control or any Department of Defense (DoD)
organization or activity.

Unfortunately not all munitions explode on impact or ignition and consequently training
areas can accumulate “duds” or unexploded ordnance (UXO) or other ordnance and
explosives (OE). To assist in evaluating and mitigating potential problems associated with
UXOs the U.S. Army Corps of Engineers, Engineering and Support Center, Huntsville
(USAESCH) was established as the Mandatory Center of Excellence (CX) for the
Ordnance and Explosive program within the U.S. Army Corps of Engineers. The
responsibility of the organization is to safely eliminate or reduces risks from ordnance,
explosives, or chemical warfare material at current or formerly used defense sites (FUDS).
The Center of Expertise is responsible for Ordnance and Explosives (OE) in support of
Defense Environmental Restoration Program fro Formerly Used Defense Sites (DERP-
FUDSO, Installation Restoration (IR), Base Realignment and Closure (BRAC) and
Services for Others (SFO) programs. These programs currently have approximately 2000
projects in inventory with 60 to 80 active projects ongoing at any given time. Most of these
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sites were part of the military downsizing after World War Il and the Korean War and many
have been “cleared” and turned over to the civilian population.

The Army Range Inventory Program, operated under the US Army Environmental Center,
is an extensive effort to develop a data base of military ranges and other sites that may
have UXOs. This information is being collected from all Army properties around the globe
including detailed information on closed ranges within the US and US territories. The
program was initiated in January 2000 and will be completed in 2003. It is not known
whether this inventory will include ranges that are located on properties outside of US
jurisdiction such as Panama. Under the terms of the 1977 Torrijos-Carter Panama Canal
Treaty “the US shall be obliged to take all measures to ensure insofar as may be
practicable that every hazard to human life, health, and safety is removed.” The United
Nations Chemical Weapons Convention, which was signed by the US in 1997, aiso
requires cleanup of any contamination.

EXAMPLE CASE HISTORIES

The use of geophysics to map OE at military bases has been ongoing for over 20 years.
These programs have proven to be very successful and the land has been returned to the
public and/or military for other activities. Several examples of these investigations are
provided.

Fort Ord, California Used since 1917 by cavalry, field artillery and infantry units for target
ranges. A wide variety of conventional UXO items have been located at sites throughout
Fort Ord. This 950 acre site contained live, and sensitively fuzed surface OE items in
close proximity to residential neighborhoods and schools with the potential for trespasser
on the property. Hand grenades, rifle grenades, mortars were located at the surface to 4
feet below ground surface.

Waikoloa Maneuver Area, Hawaii Visual reconnaissance surveys were developed as a
tool by CEHNC and their contractors to focus the geophysical investigation on the highest
priority areas at a 123,000-acre FUDS on the Island of Hawaii. The purpose was to identify
areas that warranted geophysical mapping and subsequent OE sampling. The visual
survey attempted to identify any visible surface evidence of past military use of explosive
ordnance. As a result of this survey the geophysical program was only required on 32,000
of the 63,000 acres.

Camp Bonneville, Washington is a 4,000 acres site in southwestern Washington State that
was used by the Department of the Army for small arms, assault weapons, field artillery
between 1910 and 1995. The reuse plan was developed for all of the Camp to be turned
over to Clark County for the public benefit including education, law enforcement and parks.
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GEOPHYSICAL INVESTIGATIONS FOR UNEXPLODED ORDNANCE (UXO)

Objective of Investigation

The general objective of the geophysical investigation is to efficiently and safely locate
UXO for proper evaluation, recovery, and disposition. The geophysical investigations are
generally conducted at former military ranges for two main purposes:

1.

Reconnaissance Surveys: Geophysical investigations are performed at
representative areas of a site as a means to characterize a larger area. The
objective of this reconnaissance level of effort is to cost-effectively characterize the
distribution, type and conditions of UXO on the site. These type of surveys also
include visual investigations to focus the geophysical investigation on potentially
high priority areas.

. Mapping Surveys: Geophysical mapping is performed across an entire area

suspected of containing ordnance and explosives (OE). The objective to locate all
UXO type objects meeting certain criteria (size, type, composition, depth of burial
etc.).

In each case the objective of the geophysical investigation is to efficiently locate buried
UXO while minimizing the number of non-UXO anomalies generated by metallic debris
or other cultural artifacts that are unrelated to OE.

Some advantages of using geophysical methods for locating UXOs include:

1.

Minimum Intrusion: Provides relative safe working conditions for survey personnel
during the initial phase of site characterization.

. Synoptic Description of Site: Provides rapid coverage of a large area and can

pinpoint areas of concern or identify areas for intrusive investigation.

Large Search Radius: Most geophysical instruments have an area of search or
footprint and therefore have less chance of missing a target by a short distance
which is common to boring or trenching.

. Cost Effective: Geophysical surveys are cost effective providing high data returns

for field time and do not require costly decontamination processes.

Types of Instruments

Geophysical instruments are divided into two main categories based on how they detect a
target. These are:

1.

Active Instruments: These devices emit a signal (acoustic, electromagnetic,
electrical) and then measure the response of the target to the signal. This class of
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instruments include seismic or sonar, electromagnetic metal locators or
conductivity meters and resistivity meters.

2. Passive Instruments: These devices measure existing fields (magnetic,
gravitational) and the variation of these fields in time or space. This class of
instruments includes magnetometers, gravity meters, infrared (IR), and chemical
analyzer.

It is fundamentally difficult to detect small buried objects and even more difficult to classify
or categorize these objects. The general consensus based on the published literature is
that the two methods that appear to be the most promising for UXO detection are
electromagnetic (active) and magnetic (passive); preferable used in combination. These
two methods are non-intrusive (electrical and seismic are intrusive); can detect small
objects (gravity has extremely poor resolution); have a reasonable size footprint for
detecting objects outside of the survey transect (ground penetrating radar has a narrow
vision of coverage); and provide high quality data even when used by technician level
personnel.

Electromagnetic Conductivity Meters (metal locators)

These instruments work by pulsing small electrical current into the ground from a hand
held antenna and measuring the induced electrical eddy currents that develop around
metallic objects. They can detect any conductive metal, ferrous and nonferrous, and are
little affected by geologic noise. The two most commonly used for UXO search are time
domain electromagnetic meters (TDEM) and frequency domain electromagnetic meters
(FDEM). The former has excellent detection depth and the latter excellent resolution.

Magnetometer and Gradiometer

These instruments measures disturbances in the Earth’s magnetic field which is caused by
the presence of ferrous objects. Some magnetometers, called gradiometers, use two
sensors, one above the other, and determine the gradient of the field (magnetometer
measures the absolute value) which is a more sensitive method for detecting small
objects.

In 1993, Congress mandated that the U.S. Army conducts a program at Jefferson Proving
Ground (JPG), near Madison, Indiana, to demonstrate and evaluate systems and
technologies hat can be used to detect, identify, and remediate buried UXO. This
program consisted of JPG Phases |, I, and Il that were conducted in 1994, 1995, and
1996, respectively. The instruments evaluated included electromagnetic induction (EMI),
gradiometer (Grad), magnetometer (Mag), and ground penetrating radar (GPR). The
overall probability of detection (Pd) on these tests was 0.68+0.28 with false alarm ratio of
6.00£4.77 (Table 1).
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The inability to distinguish ordnance from prevalent metal clutter, producing false alarms,
is the major cost factor in the remediation UXO properties. Therefore, in 1998 a JPG
Phase |V was conducted to evaluate the ability of detection systems to differentiate UXO
items from man-made ferrous objects. The various discrimination techniques that were

used are listed in Table 2 and the results are shown in Figure 1@,

TABLE 1

DEMONSTRATOR ORDNANCE DETECTION BY SENSOR TECHNOLOGY

FOR COMBINED SCENARIOS (1.2 AND/OR 3’)

False Alarm (FA) FA Ratio
Sensor Type Demonstrator (Scenario #) Py Rate (#/Hectare) (#/Ordnance
D d)
Electromagnetic CHEMRAD (1,2) .50 12.90 1.91
Induction (EM) GRI (EM) (1,2.3) 87 123.89 8.46
GeoPotential { lég) .06 9.04 8.54
Gr: r (Grad Foerster ! 1) .6( 36.46 4.85
Magnetometer (Mag) | Battelle (2) .12 1.71 1.00
GRI (Mag) (1.2.3) .70 223.68 18.82
Rockwell (1.2) .34 25.93 5.70
Geophex (1,2) W 32.44 T
ADI (3; Mag only in 1,2) .78 109.48 8.3
GRI (Combined) (1,2.3) 93 240.53 15.23
EM & Grad Geo-Centers (1.2.3) 93 81.80 5.18
EM & Mag Geometrics (2) 90 38.44 3.00
NAEVA (1,2) 94 24.84 1.96
SCA_ADI (3; Mag only in 1,2) .63 46.80 436
SCA_Geo-Centers (1.2.3) .76 43.55 3.36
SCA_Geometrics (2) 96 41.86 3.06
Ground Penetrating | ENSCO(1,2) .70 48.66 5.14
Radar (GPR)
GPR & EM & Grad

* Note: Data is presented for JPG Phase 111, Scenario 1,2, and 3 only. These scenarios had representative UXO for
demonstrators to search for, localize, and classify. Scenario 4 was not a detection exercise. In scenario 4, targets
were marked by the government test coordinators to assess the capability of demonstrated systems to classify marked
targets.

(This table is from the report of UXO Technology Demonstration Program at Jefferson
Proving Ground (Phase IV) Report No. SFIM-AEC-ET-CR-99051, 1999)
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Table 2

Demonstrators’ Technologies and Discrimination

Techniques
Vendor Technology Discrimination Technique*
APL Pulsed Electromagnetic Induction Statistical Processing
NAEVA TF Mag., EM-61, EM-61 3D, Protem | Parameter Matching
47D ‘
ENSCO Gradiometer, GPR, EM-61HH Sensor Fusion (matching)
Geophex GEM-3 Multifrequency EM, TF Mag. | Target Match to Signature Library
Battelle GPR ‘ Linear Shape using CNR
SC&A TF Mag., EM-61HH, GPR Target Signature Comparison
ADI TF Mag.. EM-61HH, GPR Visual Interpretation of GPR
Geo-Centers | TF Mag., EM-61 Fuzzy Inference
GTL TF Mag., EM. Statistical Fit to a Data Set
NRL TF Mag.. EM-61 Physics Based Algorithm
TF Mag. — total field magnetometer, GPR — ground penetrating radar, EM-61HH — EM-61
handheld
* from demonstrators’ proposals

(This table is from the report of UXO Technology Demonstration Program at Jefferson

Proving Ground (Phase IV) Report No. SFIM-AEC-ET-CR-99051, 1999)

Figure 1: TP versus TN for all areas

JPG Phase IV, 40 Acre Site
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Note:

TP: True positive-baseline UXO identified as UX0

TN: True negative-baseline non-UXO identified as non-UXO
TOB: Total erdnance buried

TNOB: Total non-ordnance buried

This figure is from JPG Phase IV report

PLANNING FOR THE GEOPHYSICAL INVESTIGATION

Four components, that should be integrated, have been identified as necessary for

conducting a successful geophysical investigation. These are:
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1. Experienced Personnel: Personnel experience with an understanding of the
physics and practical aspects of the instrumentation necessary for detecting small
UXO objects and discriminating these “hits” from non-UXO items.

2. Geophysical Instruments: The selection of the proper instrumentation is crucial to
the investigation. The instruments must be ideally suited to detecting buried UXO
taking into account the type of material they are made of, depth of burial, terrain
and vegetation, geologic and cultural features.

3. Analysis Methods: The reduction of large amounts of data requires proper
software and use of the software for analysis, interpretation and presentation of the
data generated by the various instruments.

4. Navigation or Positioning: It is imperative that survey control or positioning be
extremely accurate and precise (repeatable). Navigation is required for control
during data acquisition to assure complete and thorough coverage of the site, for
mapping the geophysical results, and for relocating geophysical anomalies during
the verification and remediation stage.

5. Quality Control: A quality management program will define specific processes for
ensuring that program and project objectives are properly defined and attained.

The failure to include or limit anyone of these components will result in an ineffective if not
a complete failure of the geophysical investigation.

GENERAL PROGRAM FOR GEOPHYSICAL INVESTIGATION

1. Archives Search Report: This task is an evaluation of past OE activities at the site.
The purpose is to assemble historical records and available data and assess
potential ordnance presence.

2. Conceptual Site Model: A description of the site and its environment including
information on sources of OE, anticipated future land use. The model is important
as a planning instrument, a modeling and data interpretation aid assists in
communication among team members.

3. Site Preparation: This can be a significant issue since it may be necessary to clear
the site of any potentially dangerous surface UXO prior to beginning the
subsurface geophysical investigation. Secondly since the geophysical instrument
must travel as close to the ground as feasible and over closely spaced lines most
or all of surface vegetation may need to be removed in order to efficiently detect
the maximum amount of buried UXO.

4. Geophysical Prove-Out: This stage can be a complex time-consuming effort. The
primary purpose of a prove-out, or test-plot, is to determine if a particular approach
will work, determine the most appropriate instruments and operations (e.g. height
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above ground, orientation, sample interval etc.), demonstrate detection depth
capabilities; assure contractor compliance with the contract, and to evaluate the
project team'’s data collection, data transfer rates and data quality controls.

5. Geophysical Investigation Plan: Prior to initiating field activities a GIP must be
prepared. This document describes the project requirements for all geophysical
activities that will take place and include justification for the selection of the
instrumentation, methodology and prove-out. The proposed goals, methods, and
procedures will be tailored to anticipated site conditions as well as safety and
security regulations.

6. Geophysical Sampling and/or Mapping: Documents gathered in the ASR study
should be used to locate evidence of how, when and where munitions might have
been used at the site. This information will be used to determine how the site may
be sectorized or divided into smaller more homogenous areas, how the sampling
will take place (probability, random grid, transects, etc.).\ After sampling
(representative portions of the site are investigated) and if the site has been
determined to contain unacceptable amounts of UXO a geophysical mapping
program is performed on 100 percent of the area unacceptably contaminated.

7. Analysis and Interpretation: Ongoing with the field program the data must be
analyzed and interpreted. This information will be presented on a series of maps
that clearly show the location of anomalies and if possible predicted size, depth of
burial and orientation. This information is provided to team members responsible
for reacquisition and marking of the anomalies. This often requires the use of the
same instrument used to acquire the original data set in order to pinpoint the
location of the anomaly and reduce the area the excavation team needs to search
to find the object.

8. Anomaly Excavation: Following location of a subsurface anomaly by the
reacquisition team the anomaly is excavated, identified, and properly disposed.
This is potentially an extremely hazardous activity and should only be undertake by
qualified personnel working under an approved Work Plan. The excavation team
should provide detailed information on the nature of the object (size, weight, nature
of metal, depth of burial) to the geophysics team. Comparison of the type of item
found in the field to the original geophysical data will allow the geophysics team to
adjust the processing methodology and reduce the number of false selections.

ALTERNATIVE APPROACH TO EXTENSIVE GEOPHYSICAL |NVESTIGAT|ON
Geostatistical Approach

Pacific Northwest National Laboratory (PNNL) and Sandia Laboratory are being funded to
develop statistically based site characterization and decision making processes for UXxo
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sites (optimal sampling designs for target detection, target delineation, anomaly/UXO
density estimation, and post-remediation verification. Geostatistics has been used by them
and others to map the risk of occurrence of UXOs over contaminated sites and to guide
the selection of locations to be cleaned. This approach is meant to provide minimum error
and unbiased estimates at unsampled locations. This approach may be applicable to the
estimation of total anomaly count, count of anomalies above a prescribed geophysical
threshold and/or the probability of having a least one UXO object at each unsampled
location within the site. These organizations could be contacted to see if their
methodologies are appropriate for this site.

Risk Characterization
Risk characterization is conducted to:

« evaluate the proposed removal alternatives (including site cover) to support a
decision; and/or

« prioritize among different sites or different areas of the same site to focus additional
investigation or develop more efficient removal alternatives.

The risk associated with OE (Ordnance and Explosives) in a particular area is a function of
the following factors:

» the likelihood of ordnance of various types and magnitudes being present in that area,

» the likelihood of that ordnance being encountered (e.g., by people or construction
crews on the site),

« the likelihood of that ordnance to detonate if encountered, and
« the potential consequences of such a detonation.

This is done over the entire area of interest for all types and magnitudes of ordnance to
determine the likely consequences of possible detonation.

Various removal alternatives (including no action or site cover, as well as removal) can be
evaluated in terms of their implementation costs and likely consequences. Regarding
consequences, each removal alternative may affect one or more of the above risk factors
(i.e., ordnance likelihood, encounter likelihood, detonation likelihood, and detonation
consequences). For example, detection and removal of some ordnance would reduce
ordnance likelihood. Clearly, the preferred alternative would be the one that has the most
favorable combination of implementation costs and likely consequences. However, this
may be subject to requirements for removal or maximum allowable risks (consequences).
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More cost-effective removal alternatives might be developed to address the high-risk
areas, instead of the low risk areas. For example, selective removal instead of uniform
removal could be done if the high-risk areas were known.

The uncertainties in the above risk factors can be reduced by additional investigation and
analysis. The value of various investigation and analysis programs is in making better
decisions on removal alternatives. For example, based on large uncertainties, a
conservative (expensive) alternative may be preferred, whereas additional investigation
and analysis would reduce uncertainties and might (say 50% chance) result in showing
that a less conservative (less expensive) would be preferred, reducing the chance that the
conservative alternative would still be preferred to 50% (from 100%). The value of the
investigation and analysis program should exceed its implementation cost, and the most
cost-effective program would be preferred.
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Position Descrption | Required EOD/UXO Special Requirements
(Notes 1, 2, | Experience (Note 4)
& 3)
Experience in all phases of UXO remediation
UXO Safety Officer 1,2 10 years and applicable safety standards
UXO Quality Fxperience in all phases of UXO remediation
Control Specialist 1,2 10 years and the transportation, handling and storage
_ of ordnance and explosives materials |
Senior UXO Significant experience 1n all aspects of UXO
Supervisor 1,2 15 years remediation. Five years experience in
Supervisory positions.
Prior military EOD and/or commercial UXO
10 years experience
UXO Technician T | 1,20r3
1,2 N/A Prior military EOD expenence
UXO Technician Il | —=m--memmnaev e
or3 5 years Experience in UXO remediation/range
clearance operations. Plus specific
project/ordnance training
UXO Technician | 1,2or3 0 Successfully completed approved course of
instruction appropriate to this skill Jevel
Equipment Equipment and site specific traming.
UXO Sweep and site N/A (Experience at this position is not required
Personnel specific for UXO Technician [ certification.)
traing

Note: 1. Graduate of the Army Bomb Disposal School at Aberdeen, MD.
2. Graduate of the Naval EOD School
3. Graduate of a Department of Defense certified UXO Training Program
4. PFor computational purposes, 1 year is equal to 1,740 hours.
5. This is the minimum experience requirement for designation. This is not an automatic
designation, but reserved for those that have demonstrated the requisite knowledge, matunity,
judgement and are recommended by the contractor for recognition at the specified skill level.
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APPENDIX B - RAINFALL DATA FOR DRAINAGE ANALYSES

Rainfall Data for Drainage Study B-1



COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: GAMBOA

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2hr 3 hr 6 hr 12 hr 24 hr
1972 1.1 1.5 2 2.3 2.7 2.7 2.8 2.8 3
1973 1.1 2 2.5 27 4.3 52 57 5.7 58
1974 1.8 2.9 4 48 5.8 5.8 5.8 5.8 6.5
1975 1.1 1.7 2.3 2.7 3.1 3.2 3.2 3.7 4.8
1976 1 1.4 1.5 1.6 1.8 2.1 2.3 2.3 23
1977 1.5 2.5 2.8 2.9 2.9 2.9 2.9 2.9 34
1978 1.5 2.2 2.9 3.5 3.9 3.9 3.9 4.1 4.1
1979 1.3 2 2.1 24 3.3 3.3 3.3 3.3 33
1980 1.5 1.9 2.2 2.8 3.6 3.6 3.6 3.6 37
1981 1 1.9 2.4 29 3.9 44 4.7 4.7 5
1982 1.1 1.6 1.8 2.1 3.3 3.4 3.4 3.8 5.7
1983 1.2 1.7 2.2 2.8 2.9 2.9 2.9 3.2 3.2
1984 1.2 2 2.6 3.2 3.7 3.9 4.2 4.2 44
1985 0.8 14 1.6 1.8 2 2.1 2.1 2.1 2.6
1986 1 1.6 2.2 2.7 3.1 3.7 4.1 4.2 44
1987 0.9 1.4 1.8 2.2 2.8 2.9 2.9 2.9 34
1988 0.9 1.3 1.7 1.9 2.1 2.2 2.3 2.4 3.5
1989 1.3 2.2 2.5 2.8 3.5 3.6 3.7 3.7 4
1990 1.2 2 2.6 2.8 3.3 3.6 4.1 4.7 5
1991 1.1 1.8 24 2.8 3.2 3.2 3.2 3.2 3.4
1992 1.2 24 2.7 2.8 2.9 3 33 3.8 3.8
1993 1.5 2.4 3.3 3.5 3.8 3.9 4 4 4
1994 1.2 2.3 3.2 3.5 3.5 3.6 3.6 3.7 3.9
1995 0.6 1.1 1.4 1.5 2 29 3.2 3.9 3.9
1996 1.2 23 2.8 2.9 3 3.2 3.2 3.2 3.2
1997 1.3 2.1 2.9 35 3.6 3.6 3.6 3.6 4
1998 1.1 1.9 2.6 29 3.8 38 3.8 3.8 49
1999 1.1 1.8 24 28 3.3 3.3 3.4 3.4 34
2000 1.3 1.8 24 2.6 2.7 27 38 4.1 48
2001 1.3 1.8 2.4 2.9 3.1 3.2 3.2 3.3 3.5
2002 1.1 17 2.1 2.4 3.2 3.4 3.9 3.9 3.9
AVG 1.2 1.9 24 2.7 3.2 34 3.6 3.7 4.0
STDDEV| 0.23 0.40 0.55 0.65 0.76 0.78 0.83 0.83 0.94
b 0.18 0.31 0.43 0.50 0.60 0.61 0.64 0.65 0.73
a 1.08 1.72 2.16 2.46 2.90 3.05 3.19 3.31 3.62
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)] 15min | 30 min | 45 min 1hr 2 hr 3 hr 6 hr 12 hr 24 br
2 1.14 1.83 2.31 2.65 3.12 3.28 3.43 3.55 3.89
5 1.35 2.18 2.80 3.22 3.79 3.97 4.16 4.29 472
10 1.49 2.41 3.13 3.59 4.24 4.43 4.64 4.78 5.27
25 1.66 2.70 3.54 4.07 4.80 5.00 5.25 5.40 5.96
50 1.79 2.92 3.84 4.43 5.22 5.43 5.71 5.85 6.48
100 1.92 3.14 4.14 478 5.64 5.86 6.16 6.31 6.99
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1976-2002

STATION: BALBOA HEIGHTS

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
1976 1.4 1.9 2.5 2.8 3 3.2 3.5 3.6 3.6
1977 1.7 2.2 2.7 3 3.1 3.2 3.6 3.6 3.6
1978 1 1.7 2.1 2.3 2.5 2.9 3 3 5.5
1979 1.1 1.8 2.3 2.5 2.8 2.8 2.8 2.8 2.9
1980 0.9 1.5 1.7 2.2 3.2 3.2 3.2 3.2 3.2
1981 1.4 1.8 2.4 3 4.3 5 5.3 5.3 6.3
1982 1.1 1.6 1.9 2.1 2.6 2.7 2.9 2.9 3.6
1983 1.6 2.5 2.9 3.5 4.1 4.1 4.1 4.1 4.7
1984 1.7 2.1 2.1 2.3 3 3.2 3.2 3.2 3.3
1985 1.3 1.8 2.1 2.3 3.3 4.5 4.9 4.9 4.9
1986 1.4 1.9 2.3 2.4 2.4 2.4 2.6 2.7 3
1987 1.1 1.9 2.4 2.6 2.9 29 2.9 3 3.2
1988 1 1.7 2.3 2.8 3.6 3.7 3.8 3.9 4.4
1989 1 1.7 2.1 2.2 2.2 2.3 2.3 2.4 4.4
1990 1 1.6 2.2 2.3 2.5 2.5 2.5 2.6 2.9
1991 0.7 1.4 1.9 25 2.8 3 3.2 4.1 4.2
1992 1.4 2.1 2.4 2.5 3.3 3.3 3.3 3.3 34
1993 1.3 1.6 2.2 2.6 3.2 3.6 4.6 4.7 6.5
1994 1.2 2 2.5 2.5 3.1 3.4 3.6 5 6.4
1995 1.2 2 2.4 2.8 3.2 4.1 5.5 5.7 8.3
1996 1.1 1.5 1.9 2.4 2.9 3.9 4 4.1 4.4
1997 1.2 2.2 3.1 3.9 4.4 4.4 4.4 4.4 4.8
1998 0.9 1.7 2.1 2.6 3.4 3.6 3.9 3.9 3.9
1999 1.7 2.8 3.4 4.2 4.6 4.6 4.6 4.6 4.6
2000 1.2 2 2.4 26 2.8 2.8 2.8 2.8 4
2001 0.9 1.5 1.7 1.9 2.4 2.5 26 2.6 2.7
2002 1.5 24 3 3.2 3.4 3.4 3.5 3.5 3.6
AVG 1.2 1.9 2.3 27 3.1 34 3.6 3.7 4.3
STD DEV 0.27 0.33 0.41 0.53 0.62 0.72 0.87 0.91 1.33
b 0.21 0.26 0.32 0.41 0.48 0.56 0.67 0.71 1.04
a 1.11 1.74 2.16 2.44 2.88 3.07 3.20 3.30 3.73
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.18 1.84 2.27 2.59 3.06 3.27 3.45 3.56 4.11
5 1.42 2.13 2.64 3.06 3.60 3.91 4.21 4.37 5.29
10 1.58 2.33 2.88 3.37 3.97 4.33 4.72 4.90 6.07
25 1.78 2.57 3.18 3.76 4.42 4.86 5.36 5.58 7.05
50 1.92 2.76 3.40 4.05 4.76 5.25 5.83 6.08 7.78
100 2.07 2.94 3.63 4.33 5.10 5.65 6.31 6.57 8.51
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1978-2002

STATION: CANONES

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1 hr 2hr 3 hr 6 hr 12 hr 24 hr
1978 1 1.8 2.4 2.9 4.1 4.2 4.2 5.1 6.3
1979 1.1 1.9 2.2 2.4 2.7 3.3 3.3 3.5 3.5
1980 1.2 2.1 2.9 3.1 4.4 4.8 5 5 5
1981 1.1 1.9 2.3 2.4 2.8 2.9 2.9 3.5 3.5
1982 1 1.6 1.7 1.9 2 2.3 2.6 2.8 3.1
1983 1.2 1.7 2 2.1 2.2 2.2 2.2 2.2 2.7
1984 1.3 1.8 2.3 2.8 3.6 3.7 3.7 3.7 4
1985 0.7 1.3 1.9 2.2 2.5 2.5 2.6 3.1 3.2
1986 0.4 0.7 0.9 1.2 1.7 1.8 3 3.9 4
1987 2.8 28 3.3 4.2 6.2 7.6 8.2 8.2 8.8
1988 1.3 2.1 2.2 2.5 3.2 3.2 3.4 3.4 4.8
1989 1.5 2.6 3.2 3.6 3.7 3.9 4.1 4.1 4.1
1990 1.3 2.1 2.7 3.3 3.5 3.5 3.6 3.6 3.7
1891 1 1.6 1.8 1.8 2.8 2.9 3.2 3.4 3.6
1992 1.2 1.7 2.2 2.4 2.6 2.8 2.8 3.7 4.3
1993 1.2 2 2.7 3 3.3 3.4 3.6 4.1 4.1
1994 1.1 2 2.6 2.8 2.8 2.8 34 3.4 3.4
1995 1.4 1.8 2 2 2.7 3.1 3.6 3.6 3.8
1996 1.3 2.1 2.5 2.9 3.3 3.5 4.8 6.5 9
1997 1.2 1.6 2.1 2.3 2.7 2.9 2.9 3.1 3.2
1998 1.1 1.9 2.6 3.1 3.4 3.4 4.1 4.3 4.3
1999 2 2.9 3.6 4 4.3 4.5 4.5 4.5 49
2000 1.1 1.8 2.4 2.7 3.1 3.2 3.2 4.9 6.1
2001 1.3 24 3 3.5 4.4 4.4 4.4 4.4 4.4
2002 1 1.8 2.5 3 4.6 5.7 7.9 10.2 10.8
AVG 1.2 1.9 2.4 2.7 3.3 3.5 3.9 4.3 4.7
STD DEV 0.43 0.45 0.57 0.70 0.98 1.21 1.44 1.73 2.02
b 0.34 0.35 0.44 0.54 0.76 0.95 1.12 1.35 1.57
a 1.04 1.72 2.15 2.42 2.88 3.01 3.26 3.58 3.87
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
2 1.17 1.85 2.32 2.62 3.16 3.36 3.67 4.07 4.44
5 1.55 2.25 2.82 3.24 4.02 4.43 4.95 5.60 6.23
10 1.80 2.52 3.15 3.64 4.59 5.14 5.79 6.61 7.41
25 2.12 2.85 3.56 4.16 5.32 6.04 6.85 7.88 8.90
50 2.36 3.10 3.88 4.54 5.85 6.70 7.64 8.83 10.01
100 2.59 3.35 4.18 4.92 6.39 7.36 8.43 9.77 11.11
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: CASCADAS

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1972 0.9 1.4 1.7 1.9 2.2 2.5 3 3.1 3.1
1973 0.9 1.5 2 2.4 3.1 3.2 3.6 3.6 3.6
1974 1.1 1.8 2.3 2.5 3.5 3.5 3.7 3.7 3.7
1975 1.1 2.1 2.2 2.3 2.4 2.4 2.5 2.7 2.7
1976 1.1 2 2.6 2.8 3.2 3.2 3.3 3.3 3.3
1977 1.2 1.6 1.9 2.3 3.2 3.3 3.4 3.4 34
1978 1.1 1.7 2.1 23 2.3 2.5 2.5 2.5 3.8
1979 1.2 2.1 2.8 3.4 4.2 4.3 4.4 44 4.7
1980 1.3 1.9 2.3 2.3 2.3 2.3 2.5 2.5 2.5
1981 1.1 2.1 3 3.5 5.4 6 6.5 6.5 6.6
1982 1.4 2.1 2.1 2.2 2.4 2.4 2.4 2.6 34
1983 0.9 1.4 2 2.1 2.6 3.1 3.5 3.9 4.1
1984 1 1 1 1.3 2.2 2.6 2.7 3 3
1985 1.1 1.8 2.4 2.5 2.9 29 2.9 3 3
1986 0.9 1.6 2 2.3 2.9 3.4 4.2 4.4 4.4
1987 0.9 1.4 1.7 1.8 1.9 2 27 2.7 2.8
1988 1.1 2 2.3 26 2.7 2.9 2.9 3 32
1989 0.9 1.6 2.1 25 2.7 2.7 2.7 3 3.2
1990 0.9 1.6 2 22 2.9 3.9 4.6 4.6 6
1991 1 1.7 2.4 2.9 3.6 3.8 4.1 4.2 5
1992 1.2 1.9 2.3 2.4 3.3 3.7 4.2 4.2 4.2
1993 1.2 1.8 1.9 2 3 3.5 3.6 3.6 3.7
1994 1.3 1.8 1.9 2 35 3.6 4 4 4.3
1995 1.3 2 2.3 24 3.5 35 3.8 4.3 4.3
1996 1.3 2.2 3 3.6 4.9 5.1 5.1 5.1 5.1
1997 1.3 21 2.8 3.4 3.9 3.9 3.9 3.9 4.3
1998 1.2 1.5 1.9 2.3 2.6 2.6 2.8 2.8 43
1999 1.2 23 25 2.6 37 4 4 4.1 4.1
2000 1.3 2 2.3 26 37 3.9 4.1 4.1 4.7
2001 1.1 1.7 2.2 29 3.1 3.2 3.2 3.2 3.2
2002 1 1.5 2.1 2.5 3.4 42 47 4.7 47
AVG 1.1 1.8 2.2 2.5 3.1 34 3.6 3.7 3.9
STDDEV| 0.15 0.29 0.40 0.51 0.78 0.85 0.91 0.89 0.94
b 0.12 0.23 0.31 0.39 0.61 0.66 0.71 0.69 0.73
a 1.05 1.65 2.02 2.26 2.80 ©2.99 3.20 3.29 3.54
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.09 1.74 2.14 2.40 3.02 3.23 3.46 3.55 3.81
5 1.22 2.00 2.49 2.85 3.71 3.98 4.27 4.33 4.64
10 1.31 217 2.73 3.14 4.16 4.48 4.80 4.85 5.19
25 1.43 2.39 3.03 3.52 4.74 5.11 5.48 5.51 5.89
50 1.51 2.55 3.25 3.79 5.17 5.58 5.98 6.00 6.41
100 1.59 2.71 3.47 4.07 5.59 6.04 6.47 6.48 6.92
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: CANDELARIA

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15min | 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1972 1.4 2.1 2.8 3.1 3.1 3.9 4.5 4.9 6.9
1973 1.8 1.9 2 2.1 3 3.6 4.1 7.2 7.3
1974 1.3 2.2 2.6 2.9 3.5 3.6 3.6 3.6 4.5
1975 1.7 2.1 2.3 2.9 4.3 5.6 5.8 6.1 6.2
1976 1.1 1.8 2.3 2.9 4 4.4 47 47 48
1977 1.9 2.5 2.7 3.3 4.8 51 5.6 5.7 57
1978 1.3 1.7 2.2 2.2 3.1 4.3 6.1 6.9 7
1979 1.3 2 2.6 3 3.5 3.8 4 4 42
1980 1.4 2 2.6 2.6 3.1 3.2 3.2 3.8 5
1981 1.5 2 24 2.8 3.2 3.5 6.5 9.1 9.1
1982 1.2 2.1 2.8 3.1 3.9 5 5.4 6.7 6.7
1983 1.4 24 29 3.1 3.6 4 4.4 4.5 5.9
1984 0.9 1.8 2.5 3 3.2 4.2 5.1 5.5 6.9
1985 0.4 0.8 1.2 1.6 29 3.2 3.9 4.3 5.4
1986 0.7 1.1 1.6 2.1 3.5 3.8 4.3 6.1 6.2
1987 1.6 3 3.2 34 3.8 43 6.5 7.9 11.7
1988 0.9 1.6 2 2.3 3.1 3.4 3.5 3.6 3.6
1989 0.6 1.1 1.4 1.7 2.5 29 3.3 3.7 4
1990 0.8 1.5 1.6 1.8 3 34 3.7 4.4 4.5
1991 1 1.7 2.3 2.6 3.3 3.5 3.7 3.9 5.1
1992 1 1.8 2.5 3.2 4.2 4.2 4.6 5.7 5.9
1993 1.2 24 2.8 3 4 5 5.2 7.2 7.3
1994 1 1.6 2 24 34 4 44 4.8 5.1
1995 1.1 1.9 2.4 27 27 2.9 4 4.2 5.5
1996 1.4 2.1 2.7 3.3 4.3 4.3 4.4 5.4 8.4
1997 1 1.4 1.8 2.3 3.8 3.8 4.2 4.8 5.1
1998 1.4 1.9 24 3.3 4 4 4 4.4 52
1999 1.1 1.9 2.5 3.3 4.7 48 5.2 6.1 6.5
2000 1 1.7 24 26 3 341 3.8 5.8 9.3
2001 1.4 1.8 2 2.5 4.4 47 5.7 6.3 6.3
2002 1.5 25 2.9 3.2 34 3.4 4.5 5.2 5.2
AVG 1.2 1.9 2.3 2.7 3.6 4.0 4.6 5.4 6.1
STDDEV| 0.34 0.45 0.47 0.51 0.59 0.68 0.91 1.37 1.73
b 0.27 0.35 0.37 0.40 0.46 0.53 0.71 1.07 1.35
a 1.05 1.69 2.13 2.50 3.30 3.67 4.18 4.78 5.40
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.15 1.82 2.27 2.64 3.47 3.86 4.44 5.17 5.89
5 1.46 2.21 2.68 3.09 3.99 4.47 5.25 6.38 7.41
10 1.66 247 2.96 3.39 4.33 4.86 5.78 7.18 8.42
25 1.91 2.80 3.30 3.77 477 5.37 6.46 8.19 9.70
50 2.10 3.04 3.56 4.05 5.09 5.74 6.96 8.94 10.65
100 2.28 3.29 3.82 4.32 5.41 6.11 7.46 9.68 11.59
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: CHORRO

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2 hr 3hr 6 hr 12 hr 24 hr
1972 1 1.9 2.6 2.8 2.9 2.9 3 3 3.4
1973 1.2 2.2 2.9 4.1 5.1 5.2 53 5.3 5.9
1974 1.1 1.9 2.3 3.1 3.2 3.2 3.2 3.2 34
1975 1.6 2.1 2.8 3.1 4.2 4.2 4.2 4.6 4.6
1976 1 1.6 1.9 2.1 2.3 2.3 2.4 2.5 2.8
1977 1.4 2 2.2 2.4 2.8 3.2 3.2 3.2 34
1978 1.1 2 2.4 3.5 4.9 5.5 6.8 7.5 8.3
1979 1.7 2.4 3 3.2 3.2 3.2 3.2 3.3 3.3
1980 1.1 2.2 2.5 2.8 3.9 4.2 4.8 4.9 5.5
1981 1.2 1.7 2.2 2.4 2.8 2.8 3.2 3.6 3.7
1982 1.3 1.8 2.3 3.1 4.7 4.7 4.7 4.7 5.2
1983 1.3 1.8 1.9 1.9 2.3 2.4 2.6 2.8 2.9
1984 1.5 2.3 3.4 4.2 4.8 4.8 5.1 5.1 5.1
1985 1.1 1.5 2 2.3 3.1 3.9 4.8 5.8 6.2
1986 1.7 3.1 3.8 3.9 4.4 4.5 4.5 4.5 4.7
1987 1.2 1.7 1.8 2 2.6 2.8 34 3.5 3.8
1988 1.5 2 2.4 2.6 3 3.1 3.2 3.2 3.6
1989 1.6 25 3.1 3.4 3.6 3.6 3.6 3.9 3.9
1990 1.4 2.5 2.9 3.2 3.6 3.6 3.7 3.7 3.8
1991 1.3 24 3 3.2 3.2 3.2 3.2 3.2 5.6
1992 1.2 1.8 2.2 2.7 3.3 3.8 4.2 4.2 4.2
1993 3.6 4.2 4.2 42 4.2 4.2 4.2 4.2 4.2
1994 1.2 1.8 1.9 2.2 25 2.8 3 3.1 3.9
1995 2 2 2 2.1 2.2 2.2 29 3 3.1
1996 1.2 2 2.6 3.1 4.1 4.2 4.3 5.7 9.6
1997 1.2 1.9 2.2 29 3.9 4.2 44 4.4 5.7
1998 1.4 1.9 2.4 27 3.6 4 4.1 4.1 6
1999 1.1 1.5 1.9 2.5 3.1 3.2 3.4 3.4 57
2000 1.4 1.8 2.1 2.3 3 3 3 3.9 4.3
2001 1.3 2.4 2.8 3.1 3.5 3.5 3.5 3.5 3.5
2002 1.2 2.3 3.2 4 6.3 8.1 11.2 12.7 13.2
AVG 1.4 2.1 2.5 29 3.6 3.8 4.1 4.3 4.9
STD DEV 0.47 0.52 0.58 0.66 0.94 1.16 1.62 1.89 217
b 0.37 0.40 0.46 0.52 0.74 0.90 1.26 1.47 1.69
a 1.19 1.88 2.29 2.65 3.15 3.26 3.37 3.49 3.98
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3hr 6 hr 12 hr 24 hr
2 1.32 2.03 2.46 2.84 3.42 3.59 3.83 4.03 4.60
5 1.74 2.48 2.97 3.43 4.25 4.61 5.26 5.70 6.51
10 2.01 2.79 3.32 3.81 4.80 5.28 6.21 6.80 7.78
25 2.36 3.17 3.75 4.31 5.50 6.14 7.41 8.20 9.38
50 2.61 3.45 4.07 4.67 6.02 6.77 8.30 9.23 10.57
100 2.87 3.74 4.39 5.03 6.53 7.40 9.18 10.26 11.74
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1983-2002

STATION: DIABLO HEIGHTS

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
1983 1.2 2.2 2.7 3.1 3.6 3.6 3.6 3.6 4.1
1984 1.1 1.8 2 2.1 2.4 3 3.1 3.1 44
1985 1.3 24 3 3.5 3.6 4.7 5.1 5.1 5.1
1986 1.9 25 2.5 2.5 3.7 3.9 3.9 3.9 3.9
1987 1.3 2.2 2.9 3.6 4 4 4 4 4.1
1988 1.4 1.9 2.3 2.8 3.8 4 4 4.3 45
1989 1 2 2.8 29 2.9 3 3 3 34
1990 1 1.8 1.9 1.9 2.1 2.6 2.6 2.6 2.6
1991 0.8 1.5 1.8 1.9 2.7 2.8 29 3.3 3.4
1992 1.1 1.6 1.9 2 2.4 2.4 2.4 2.4 3.3
1993 0.9 1.4 1.8 2 2.5 3.3 44 4.5 6.4
1994 1.2 1.9 2 24 3.1 3.1 3.1 4 54
1995 1 1.5 1.9 2.3 2.8 3.5 3.9 4 4.7
1996 1 1.7 2.2 2.8 3.5 3.9 4 4.1 4.3
1997 1.2 2.2 2.7 2.9 3.5 3.5 3.5 3.5 3.9
1998 1.4 23 3.2 3.8 4.8 5.2 5.5 5.5 5.5
1999 1.3 1.9 2.2 2.2 3.4 3.5 3.5 35 3.6
2000 1 1.9 2 2 2.2 2.2 2.2 2.2 25
2001 1.2 2.1 2.7 2.9 3.5 3.5 3.5 3.5 4
2002 1.5 22 2.6 2.7 27 2.8 3 3 31
AVG 1.2 2.0 2.4 2.6 3.2 3.4 3.6 3.7 4.1
STDDEV}| 0.25 0.31 0.44 0.58 0.69 0.74 0.84 0.84 0.98
b 0.19 0.24 0.35 0.45 0.54 0.58 0.65 0.66 0.77
a 1.08 1.81 2.16 2.36 2.86 3.10 3.20 3.29 3.68
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.15 1.90 2.29 2.53 3.06 3.31 3.44 3.53 3.96
5 1.37 2.18 2.68 3.04 3.67 3.97 4.17 4.27 4.83
10 1.52 2.36 2.94 3.39 4.08 4.40 4.66 4.76 5.41
25 1.70 2.59 3.27 3.82 4.59 4.95 5.28 5.39 6.13
50 1.83 2.76 3.51 4.14 497 5.36 5.74 5.85 6.67
100 1.97 2.93 3.75 4.45 5.35 5.76 6.19 6.30 7.21
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1978-2002

STATION: EMPIRE HILL

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
1978 0.9 1.4 1.6 1.6 1.6 1.6 1.6 1.6 1.6
1979 1.4 2.6 3.3 3.6 4.1 4.3 4.4 4.8 4.8
1980 1 1.8 1.9 2 2.5 2.5 2.8 2.8 2.8
1981 1 1.8 2.5 3 4.9 5.2 5.9 59 6.3
1982 0.8 1.1 1.4 1.7 2.5 2.5 2.5 2.6 2.7
1983 1.2 1.6 1.9 2 2.3 2.4 2.9 2.9 2.9
1984 1 1.9 2.3 2.7 3 3.1 3.1 3.1 3.2
1985 1.3 1.6 1.9 2.1 2.3 2.3 2.5 2.8 2.9
1986 1.1 1.6 2 2.3 3.1 4.1 4.8 5.1 5.2
1987 1.8 3 3.9 4.8 6.7 6.8 7.1 7.2 7.2
1988 0.9 1.6 2 2.4 3.8 4 4.1 4.1 5.7
1989 1.2 1.8 2.2 3 4.1 4.2 4.2 4.2 4.2
1990 1.4 2.1 2.4 2.8 3.9 4.5 52 5.2 6.1
1991 1.2 2.2 3.2 3.6 3.9 4.3 4.9 5 5
1992 1.2 1.8 2.2 2.4 3.4 4 4.4 4.5 4.5
1993 1.3 2.2 2.8 3.1 3.4 3.4 3.4 3.5 5.1
1994 1.2 2 2.7 3.1 3.8 3.8 3.8 3.8 3.8
1995 1.2 1.9 2.3 3 3.3 3.3 3.3 3.3 3.3
1996 1.4 24 2.9 3.2 3.2 3.4 34 3.4 3.5
1997 1.2 1.3 1.4 1.6 2 2.1 2.1 2.1 2.1
1998 1.2 2.1 2.7 3.2 3.6 3.7 3.8 3.8 7.2
1999 1.1 1.7 2.2 2.5 3 3 3.1 3.1 5
2000 1 1.7 1.9 2.1 3.9 4.1 4.3 4.3 4.4
2001 0.8 1.6 2.2 27 3.2 3.7 4 4.1 4.3
2002 1 1.9 2.6 3 3.8 5.1 5.6 5.6 5.6
AVG 1.2 1.9 2.3 2.7 3.4 3.7 3.9 4.0 4.4
STD DEV 0.22 0.41 0.59 0.73 1.02 1.13 1.26 1.28 1.50
b 0.17 0.32 0.46 0.57 0.80 0.88 0.98 1.00 117
a 1.06 1.69 2.08 2.38 2.97 3.17 3.34 3.40 3.72
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2hr 3 hr 6 hr 12 hr 24 hr
2 1.12 1.81 2.25 2.59 3.26 3.49 3.70 3.76 4.15
5 1.31 2.17 2.77 3.24 4.16 4.49 4.82 4.89 5.48
10 1.44 2.41 3.12 3.66 4.76 5.15 5.55 5.64 6.36
25 1.61 2.71 3.55 4.20 5.52 5.98 6.49 6.59 7.47
50 1.73 2.93 3.88 4.60 6.08 6.60 7.18 7.29 8.30
100 1.85 3.16 4.20 4.99 6.64 7.21 7.87 7.98 9.12
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: HODGES HILL

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15min | 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1972 1.1 1.7 1.8 2 2.4 26 2.6 2.8 4.5
1973 2.1 3.8 4.6 4.6 4.6 4.7 4.7 4.8 4.8
1974 1.5 2.2 2.9 3.2 4.2 4.5 4.7 4.7 6
1975 1.5 2.1 2.8 3.3 3.9 3.9 4 4 4.2
1976 1 1.6 1.7 1.8 1.9 2.2 2.4 2.4 3.3
1977 0.8 1.5 2 2.7 3.6 3.7 3.7 3.8 4
1978 1.1 1.7 2.4 2.9 3.6 3.7 3.9 3.9 4.8
1979 1.4 25 3.2 3.7 4.9 5.5 5.6 5.6 6.1
1980 1.2 2.3 2.8 2.9 3.3 3.5 3.5 3.5 3.7
1981 1.1 1.9 2.3 2.7 3.6 4 47 4.7 4.9
1982 1.2 1.9 2.1 2.2 2.4 2.5 2.5 2.5 4.8
1983 1.3 2.1 25 2.6 2.8 2.9 29 2.9 29
1984 1.1 2 2.7 2.9 3 3 3.1 3.1 3.2
1985 0.9 1.6 2.3 29 3.2 3.2 3.3 3.7 3.7
1986 1 1.9 2.6 3 3.2 3.9 4.5 5 5
1987 1.8 3 3.9 438 6.7 6.8 71 7.2 7.4
1988 1.1 1.8 2.2 2.8 4.2 4.5 4.6 4.8 59
1989 0.9 1.8 2.5 3.2 4.8 4.8 4.8 4.8 4.9
1990 1.3 2.2 2.8 3.1 4 4.5 5.5 5.5 6.1
1991 1.4 2.1 2.9 3.1 3.1 34 3.5 3.5 4.6
1992 1.4 24 3 3.6 4 4.8 5.6 5.6 5.7
1993 1.2 2 2.4 2.6 3 3 3 3 3.2
1994 1 1.8 2.1 2.3 2.6 2.6 2.6 3.1 3.2
1995 0.9 1.6 1.9 26 3.7 4.2 4.3 4.3 4.3
1996 1.5 2.8 3 3.2 4.5 4.7 4.8 4.8 5
1997 1.1 2.1 2.3 23 24 2.4 24 2.4 2.4
1998 1.3 2.3 3 33 3.8 3.9 4 4 6.5
1999 1.2 1.9 22 25 33 3.4 37 3.7 5.3
2000 0.8 1.3 1.6 2 3 33 3.6 3.6 3.6
2001 1 1.3 1.7 2 2.7 2.7 27 2.8 3.2
2002 0.3 0.4 0.4 0.4 0.5 0.7 0.8 0.9 0.9
AVG 1.2 2.0 25 2.8 34 3.7 3.8 3.9 4.5
STDDEV| 0.33 0.58 0.74 0.81 1.10 1.15 1.25 1.25 1.36
b 0.25 0.45 0.58 0.63 0.86 0.90 0.98 0.97 1.06
a 1.04 1.73 2.15 2.46 2.97 3.16 3.30 3.37 3.86
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1hr 2hr 3 hr 6 hr 12 hr 24 hr
2 1.13 1.90 2.36 2.69 3.29 3.49 3.66 3.73 4.25
5 1.42 242 3.02 3.41 4.25 4.51 4.76 4.83 5.45
10 1.61 2.76 3.45 3.88 4.90 5.18 5.50 5.56 6.25
25 1.85 3.19 4.00 4.48 5.71 6.03 6.43 6.48 7.25
50 2.03 3.51 4.40 4.93 6.31 6.66 7.1 7.17 8.00
100 2.21 3.82 4.81 5.37 6.91 7.29 7.80 7.84 8.74
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: PELUCA

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1972 1.1 1.6 2.1 24 2.7 3.1 3.4 5.1 6.5
1973 0.9 1.5 1.9 2.2 3.9 4.1 4.2 6.8 7.3
1974 1.4 2.2 3 3.5 3.9 3.9 3.9 4 4.8
1975 1.1 2 2.7 2.9 3.3 4.1 5 5.1 6.4
1976 1.1 1.7 2.3 2.6 3.6 3.9 44 4.5 4.5
1977 1.2 1.9 1.9 1.9 2.4 2.5 2.9 3.2 37
1978 1 1.8 2.2 2.4 2.6 3.5 4.7 5.3 5.8
1979 1.3 2 2.4 2.6 2.9 3 3 3.2 3.7
1980 1.1 1.7 2.1 2.3 3.4 3.4 3.5 3.6 4.5
1981 1.6 2.2 2.8 3.2 3.4 3.6 6.9 8.4 9.2
1982 1 1.7 2.1 2.3 2.5 3.1 3.3 3.6 3.7
1983 1.5 2.2 2.6 2.9 3.7 4.3 4.5 4.7 6.3
1984 1 1.6 2.2 2.7 3.9 4 4 4.3 4.8
1985 1.1 1.7 2.3 2.6 2.8 2.9 3 3 4.1
1986 1 1.7 2.1 2.2 2.8 3 3.5 4.6 4.9
1987 2 3.8 4.6 5.2 5.2 5.2 54 6.5 7.4
1988 1 1.5 1.9 24 3.8 4.5 4.8 5.2 8.8
1989 1.1 1.9 2.6 2.7 2.7 2.7 3.2 3.4 6
1990 0.8 1.4 1.8 2 2.9 3.2 3.7 3.9 4.9
1991 1.1 1.5 1.9 24 2.6 2.7 2.7 4 4.6
1992 1.1 1.6 2 2.3 2.6 2.8 3.2 3.9 4.2
1993 1.3 1.9 2.2 2.5 3.5 3.7 4 5.1 5.1
1994 1 1.7 2.3 3.1 4.9 5.6 6.3 7.5 8.4
1995 1.1 1.7 2.1 2.6 3.3 33 4 4.2 5.1
1996 1.2 1.8 2.1 2.3 2.7 2.9 4.4 6.1 9.6
1997 1.2 1.8 2.1 2.3 3.4 3.8 3.9 3.9 4.1
1998 1.5 2.2 2.7 3 3.8 4.3 4.3 4.9 5.9
1999 1.2 1.9 2.5 3 4.8 6.5 7.1 9.2 9.8
2000 1.4 2.2 2.6 2.8 3 3 3.7 5.2 8.4
2001 1.1 1.7 2.3 2.6 3.9 41 4.8 5.9 5.9
2002 1.2 1.9 2.1 2.5 2.6 2.6 3 3.4 3.4
AVG 1.2 1.9 2.3 2.7 3.3 3.7 4.2 49 5.9
STD DEV 0.24 0.42 0.51 0.59 0.73 0.92 1.11 1.52 1.89
b 0.18 0.33 0.40 0.46 0.57 0.71 0.86 1.19 1.47
a 1.08 1.69 2.12 2.40 3.02 3.26 3.67 4.23 5.04
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.15 1.81 2.26 2.57 3.23 3.52 3.99 4.67 5.58
5 1.36 2.18 2.72 3.09 3.88 4.33 497 6.01 7.25
10 1.49 2.43 3.02 3.44 4.30 4.86 5.61 6.90 8.36
25 1.67 2.75 3.40 3.87 4.84 5.54 6.43 8.03 9.76
50 1.80 2.98 3.68 4.20 5.25 6.04 7.04 8.87 10.79
100 1.93 3.21 3.96 4.52 5.64 6.54 7.64 9.69 11.82
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1972-2002

STATION: PEDRO MIGUEL

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1972 1.2 1.9 2.2 2.4 2.6 2.8 3 3 4.9
1973 1.1 1.4 1.7 1.8 1.9 2 2.3 2.9 3.3
1974 1.2 1.8 2.3 2.6 3.2 3.3 3.6 3.6 3.7
1975 1 1.8 2.2 2.8 3 3 3 3 3.8
1976 1.1 2.1 2.8 3.2 3.4 3.5 3.6 3.6 49
1977 1.4 2.3 3.1 3.5 3.8 3.8 3.8 3.8 3.8
1978 1.4 2.7 3.2 3.8 4.9 5 5 5 5.6
1979 1.1 2 2.9 3.5 4.4 4.7 4.9 4.9 5.6
1980 1.2 2 2.6 3.1 3.6 3.8 3.9 3.9 4.3
1981 1 1.7 2.3 2.8 3.9 4.1 4.8 49 5.4
1982 1.4 2.3 2.4 2.6 2.7 2.7 2.7 2.7 2.9
1983 1.2 2 2.7 3 3 3 3 3 3
1984 1.5 2.3 2.9 3.2 3.6 3.6 3.6 3.6 3.7
1985 0.9 1.7 2.1 2.3 2.8 2.9 3.8 4.1 4.1
1986 1.2 1.6 2 2.2 3 3.2 3.5 3.8 4.5
1987 1.1 1.7 1.9 2.1 2.9 3.5 4.1 4.1 4.5
1988 0.9 1.6 2.1 23 3.9 4 4.1 5.1 5.3
1989 1.2 1.5 1.8 1.9 2.4 24 2.5 2.5 33
1990 1.1 1.7 2.6 2.8 3.1 34 4.1 4.1 4.2
1991 1.3 1.9 2.3 27 4.3 4.4 4.4 4.4 4.4
1992 1.2 1.9 2.5 3.4 4.8 5.6 5.9 6.8 6.9
1993 1.4 2.6 3.5 3.8 4.7 4.8 4.8 4.8 5
1994 1.2 24 3 3.5 4 4 4 4 4
1995 0.8 1.4 2 2.1 2.7 3.2 3.4 3.5 3.7
1996 1.2 2 2.5 2.6 3 3.2 34 3.5 3.7
1997 1.3 2.1 2.4 2.7 29 3 31 3.1 3.2
1998 1.2 2.2 2.7 3.1 3.2 3.2 3.3 3.3 3.9
1999 1.2 1.9 2.2 2.3 3.1 3.3 3.5 3.6 4.3
2000 1.2 1.7 1.8 1.9 2.3 25 2.8 2.8 3.1
2001 1.3 2.2 2.6 2.9 3.1 3.1 3.1 3.1 3.6
2002 1 1.4 1.6 1.7 1.9 2 2.2 2.2 2.9
AVG 1.2 1.9 2.4 2.7 3.3 3.5 3.7 3.8 4.2
STD DEV 0.16 0.34 0.46 0.59 0.79 0.84 0.85 0.95 0.93
b 0.13 0.26 0.36 0.46 0.61 0.65 0.66 0.74 0.73
a 1.11 1.78 2.22 2.47 2.95 3.09 3.28 3.35 3.77
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)}| 15 min 30 min | 45 min 1 hr 2 hr 3hr 6 hr 12 hr 24 hr
2 1.15 1.88 2.35 2.64 3.18 3.33 3.53 3.62 4.04
5 1.30 2.18 2.76 3.16 3.87 4.07 4.27 4.46 4.86
10 1.39 2.38 3.03 3.51 4.33 4.56 4.77 5.02 5.41
25 1.51 2.63 3.37 3.94 4.92 5.18 5.40 5.72 6.10
50 1.60 2.81 3.62 4.27 5.35 5.64 5.86 6.24 6.61
100 1.68 3.00 3.87 4.59 5.78 6.10 6.32 6.75 7.12
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 2000-2002

STATION: Gasparillal

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION

YEAR 15 min 30 min | 45 min 1hr 2 hr 3hr 6 hr 12 hr 24 hr
2000 0.5 0.7 0.7 0.8 1.2 1.3 1.9 2.6 3.8
2001 1 1.5 1.8 2.1 2.3 2.4 2.4 2.4 2.6
2002 1.1 2.0 2.6 2.9 3.6 3.8 4.1 5.3 5.7
AVG 0.9 1.4 1.7 1.9 2.4 2.5 2.8 3.4 4.0
STD DEV 0.32 0.66 0.95 1.06 1.20 1.25 1.15 1.62 1.56
b 0.25 0.51 0.74 0.83 0.94 0.98 0.90 1.26 1.22

a 0.73 1.12 1.29 1.47 1.84 1.96 2.30 2.73 3.35

RETURN

PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD

(YEARS)] 15 min 30 min | 45 min 1 hr 2hr 3 hr 6 hr 12 hr 24 hr

2 0.82 1.30 1.56 1.78 2.19 2.31 2.63 3.19 3.80

5 1.10 1.88 2.40 2.71 3.25 3.42 3.65 4.62 5.18

10 1.29 2.27 2.96 3.33 3.95 4.15 4.32 5.57 6.10

25 1.53 2.75 3.66 4.12 4.84 5.08 5.18 6.77 7.25

50 1.70 3.11 4.19 4.70 5.50 5.77 5.81 7.66 8.11

100 1.88 3.47 4.71 5.27 6.15 6.45 6.44 8.54 8.96
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1998-2002

STATION: JAGUA

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45 min 1hr 2hr 3 hr 6 hr 12 hr 24 hr
1998 1 1.7 2.1 2.1 2.2 3.4 3.4 3.4 4.4
1999 1.4 2.6 3.6 4.3 4.5 4.5 5.7 5.7 6.4
2000 1.3 2.3 3.5 3.8 4 4 4 4 4
2001 1.4 2.2 2.7 3 4.4 4.4 4.4 4.4 4.4
2002 1.7 2.8 3.7 4.2 5.6 5.6 5.6 5.6 5.6
AVG 1.4 2.3 3.1 3.5 4.1 4.4 4.6 4.6 5.0
STD DEV 0.25 0.42 0.69 0.93 1.24 0.81 1.01 1.01 1.00
0.20 0.33 0.54 0.72 0.96 0.63 0.78 0.78 0.78
a 1.25 2.14 2.82 3.08 3.60 4.03 4.18 4.18 4.52
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.32 2.26 3.02 3.34 3.96 4.26 4.47 4.47 4.81
5 1.54 2.63 3.63 4.16 5.05 4.97 5.36 5.36 5.70
10 1.69 2.88 4.04 4.70 5.77 5.45 5.95 5.95 6.29
25 1.88 3.19 4.55 5.39 6.69 6.04 6.69 6.69 7.03
50 2.01 3.42 4.93 5.89 7.36 6.49 7.24 7.24 7.58
100 2.15 3.65 5.31 6.40 8.04 6.93 7.79 7.79 8.12
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1971-2002

STATION: CRISTOBAL

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min { 45 min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1971 1.5 1.7 1.8 1.8 1.9 2.2 2.3 3.3 3.9
1972 0.9 1.1 1.1 1.1 1.5 1.9 2.2 2.4 2.6
1973 1.1 1.4 1.4 1.4 1.5 1.5 1.7 2.1 2.6
1974 1.1 1.2 1.4 1.4 1.6 1.7 2 2.4 2.9
1975 1 1 1.3 1.3 1.4 1.4 1.9 2.5 2.9
1976 1.7 1.7 1.7 1.7 1.7 1.7 24 2.5 2.7
1977 0.9 1.3 1.3 1.3 1.3 14 2.2 3 34
1978 1.1 1.1 1.2 1.3 1.3 1.4 1.6 1.9 2.2
1979 0.9 1.6 2 2.2 26 2.6 3.2 3.6 3.6
1980 1 1.4 1.9 1.9 2.1 2.1 2.2 2.8 3.4
1981 1.5 2.4 3 3.2 4.3 4.7 5.4 5.4 7.6
1982 1 1.7 2.2 2.5 2.5 2.5 4.1 4.3 49
1983 1.3 1.9 2.1 2.3 4.1 4.6 5.2 5.7 6.5
1984 1.2 2 2.1 2.6 3.1 3.8 4 4.6 4.8
1985 1.1 1.9 2.6 2.9 3.4 3.4 4.2 4.6 5.6
1986 1.1 1.7 2 2.2 2.3 2.3 3.3 3.8 3.8
1987 2.8 2.9 3.2 3.6 4.7 6 7.6 7.9 10.9
1988 1.2 2 2.8 3.2 3.5 3.7 4.3 4.4 45
1989 0.9 1.6 2.2 2.9 4.1 4.1 4.4 5.4 6.8
1990 1.4 2 2.3 29 3.7 3.7 3.8 4.3 4.9
1991 1.6 3.1 4 4.3 47 47 4.7 5.5 5.9
1992 1.1 1.8 2.5 2.9 3.9 45 4.5 4.7 6.3
1993 1 1.5 1.8 1.9 2.9 38 5.4 5.9 7.6
1994 2 2.4 2.7 2.7 27 27 4 4.2
1995 1.7 2.2 2.5 3.9 4.3 4.5 4.5 5.7
1996 0.8 1.2 1.5 1.5 1.9 2.7 3.1 3.9 5.6
1997 1.4 27 3.1 3.3 34 3.4 3.8 4 4.5
1998 1 2 24 3.3 4.9 54 54 5.4 54
1999 1.1 2.1 2.5 2.7 3.2 36 5.5 7 7.6
2000 1.2 1.9 2 2.1 2.2 3.1 4.1 6 6.6
2001 1 1.7 2.2 2.8 3.7 44 5.1 5.2 5.2
2002 1.7 2.8 3.4 3.7 4.5 4.5 4.5 4.5 4.6
AVG 1.2 1.8 2.2 24 3.0 3.2 3.8 43 5.0
STD DEV 0.37 0.52 0.68 0.82 1.14 1.28 1.42 1.44 1.90
b 0.29 0.41 0.53 0.64 0.89 1.00 1.10 1.12 1.48
a 1.05 1.59 1.88 2.06 2.46 2.69 3.18 3.67 4.17
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min | 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.16 1.74 2.07 2.30 2.78 3.05 3.58 4.08 4.71
5 1.49 2.20 2.67 3.02 3.79 4.18 4.83 5.36 6.39
10 1.71 2.51 3.07 3.50 4.46 4.93 5.66 6.20 7.50
25 1.98 2.90 3.57 4.10 5.30 5.87 6.71 7.26 8.90
50 2.19 3.18 3.95 4.55 5.93 6.57 7.49 8.05 9.94
100 2.39 3.47 4.32 4.99 6.55 7.27 8.26 8.84 10.97
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISITICS USING GUMBEL DISTRIBUTION
FOR YEARS 1973-2002

STATION: GATUN

ANNUAL MAXIMUM CALCULATED RAINFALL DEPTH (IN) FOR GIVEN DURATION
YEAR 15 min 30 min | 45min 1hr 2hr 3hr 6 hr 12 hr 24 hr
1973 0.9 1.2 1.5 1.7 2.4 3 3.5 3.5 4.6
1974 1.3 2.5 3.8 4.6 5.8 5.8 5.8 5.8 5.8
1975 1.2 2.2 2.4 2.6 2.7 2.7 3.5 4.1 4.4
1976 1.1 1.8 2.1 2.7 2.7 2.8 4.3 4.7 4.9
1977 1.1 2 2.3 24 2.5 2.5 2.7 3.3 3.4
1978 0.7 1.1 1.5 1.5 2.1 2.2 2.8 3.7 4.4
1979 1.5 1.9 2.3 2.4 2.5 2.7 3.1 3.1 3.6
1980 1.3 1.9 2.4 27 3.4 3.5 3.8 3.9 7.4
1981 1 1.7 2.4 2.5 3.8 4 4.6 4.8 6.6
1982 1.2 2.2 29 3.9 4.6 47 47 4.7 5
1983 1.6 2 2.7 3.1 3.2 34 3.9 4.8 6.3
1984 1 1.6 2 2.1 2.4 2.6 2.7 2.9 3.7
1985 1.1 1.7 1.9 2 2.9 3.2 3.5 3.7 4.6
1986 1.8 2.7 2.8 2.9 3 3.5 4.2 7 7
1987 1.2 2 2.9 3.2 3.9 5.5 55 5.5 7.1
1988 1 1.9 2.4 2.4 2.5 2.6 27 2.8 34
1989 1.1 2.1 2.3 3.2 3.4 3.4 3.4 3.4 4.1
1990 1.1 1.7 2.4 3.2 4.2 4.4 4.7 6.1 6.5
1991 1 1.3 1.6 1.9 2.8 3.1 34 4.8 57
1992 1.2 2.1 3.2 3.7 4.2 4.4 4.6 5.2 5.3
1993 1.5 2.7 3.5 3.7 4.2 5 5.9 6.4 74
1994 1.6 2.2 27 2.8 3.2 3.2 3.2 3.4 3.6
1995 1 1.5 1.9 2.2 2.7 3.2 5.4 5.9 6.8
1996 1.1 1.7 2.1 2.5 3.9 4.7 5.2 5.2 6.6
1997 1.3 2 2.6 2.8 3.4 3.6 4.5 5.2 5.5
1998 1 1.8 2.4 3.3 4 4 6.1 8.2 10.9
1999 1.3 2 2.5 2.9 3.2 3.4 3.8 49 5.5
2000 1.5 24 2.8 3.3 4.8 5 5.2 6.2 9.4
2001 1.1 1.8 2 2.3 3.6 4 4.2 4.2 4.4
2002 1.4 2.1 2.9 3.5 5 5.5 5.5 5.6 5.7
AVG 1.2 1.9 2.4 2.8 3.4 3.7 4.2 4.8 5.7
STD DEV 0.24 0.38 0.54 0.69 0.89 0.99 1.03 1.30 1.75
b 0.19 0.30 0.42 0.54 0.70 0.77 0.80 1.01 1.36
a 1.10 1.76 2.21 2.50 3.05 3.29 3.77 4.20 4.89
RETURN
PERIOD CALCULATED RAINFALL DEPTHS (IN) FOR A GIVEN DURATION AND RETURN PERIOD
(YEARS)| 15 min 30 min { 45 min 1 hr 2 hr 3 hr 6 hr 12 hr 24 hr
2 1.17 1.87 2.36 2.70 3.30 3.57 4.06 4.57 5.39
5 1.38 2.21 2.83 3.31 4.09 4.45 4.97 5.72 6.94
10 1.52 2.43 3.15 3.71 4.61 5.03 5.58 6.48 7.96
25 1.70 2.71 3.55 4.22 5.27 5.76 6.34 7.44 9.26
50 1.83 2.92 3.84 4.60 5.76 6.30 6.90 8.15 10.22
100 1.97 3.13 4.13 4.98 6.25 6.84 7.47 8.86 11.17
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COMPUTATION OF RAINFALL DEPTH - DURATION STATISTICS USING GUMBEL
DISTRIBUTION FOR YEARS 1905-2002

STATION - ANNUAL MAXIMUM 24-HR RAINFALL DEPTH (IN) | Average
Batboa of All
Year Cristobal Gatun Athajuel; Heights Stations
0 84 588 2.27 .96 A7 55
0 a7 10.48 6.29 1 4.46 7.00
0 403 98 492 0 8 79
0 65 64 83 6 10
0 13 51 88 56 20 61
99 70 40 70 12 1
27 79 0 52 747
64 35 4 59 06
1 474 3.49 3 292 778 G
491 6 K] 45 37
712 54 Nz 33 13
7 4 .0 4.06 470
315 3 43 44 3
8 47 54 6 25 46 99
9 62 4.00 29 48 58 19
[ 1920 97 83 4.04 81 3 12
21 430 .76 61 66 4 70
22 53 4.38 .37 34 A7 64
1923 10.03 10.99 75 22 5.03 37
1924 732 260 14 50 337 312
1925 5.80 207 42 65 4.00 2.68
1926 493 570 332 369 452 281
27 798 39 0 493 57 43
[ 1928 4.06 a7 X 4.07 02 09
g 16 5 N 77 01 86
0] 441 7! 2 82 67 32
72 0 50 A1 07 01
23 08 75 33 66 33
87 47 2 79 15 416
1934 54 .08 44 411 14 2.28
[ 1935 il 09 2 280 163 453
36 55 36 0 83 42 267
37 95 5.02 a9 326 3.70 440
411 554 4 4,19 99 242
1939 i) 25
40 28 4.59 .59 53 25 4
4 62 03 88 4.87 74 46
4 67 95 79 80 95
4 466 88 00 4.46 2.78
4 10.80 74 86 95 4.76
[ 1045 447 1 45 - 82
46 55 74 7 82 38
1947 21 3 2 2 08 76
7948 24 25 T 16 20
1949 67 63 3.26 T 07 85
1950 9.00 667 2.19 58 2,85 3.
1961 14 93 35 3.1 54 28
[ 1952 560 35 55 54 51 XK
1953 463 14 69 4.0 97 42
[ 1954 439 70 35 83 40 58
1955 46 31 10 07 03 37
I 1956 08 26 16 69 37 47
1957 A7 21 38 31 4.44 8
[ 1558 56 43 24 40 4.97 6
[ 1950 451 69 79 87 129 85
[ 1960 75 58 At 50 79 30
[ 1961 98 51 30 14 21 93
1962 7 68 22 62 75 40
1963 448 58 411 444 10
64 29 4.58 4,06 06 39
[ 1965 440 92 07 4.60 .58
5 15 86 35 64 492 .85
7 49 25 409 312 98
) 60 4.45 94 86 .09
] 34 23 30 436 %0
0 92 07 a1 . 52 42
57 00 82 740 30 39 09
7 30 a8 40 60 23 99
7 10 350 80 50 72 19
7 2.90 530 80 20 .00 65
75 70 4.20 80 40 00 08
76 20 4.70 30 30 30 36
77 60 30 90 80 60 88
78 70 .30 90 0 .00 32
[ to79 80 10 30 80 06
[ 1980 00 400 .60 4 20 10
[ 1981 a0 .00 4.10 30 98
1982 50 4.80 70 X 94
[ 1983 50 2.60 20 10 ;
984 80 .00 220 00 64
[ 158 40 70 60 780 2,90 12
[ 708 80 00 2.40 20 0 52
1967 90 [ Q0 75
[ 1988 40 20 40 4.50 4.00 74
[ 1989 00 40 70 40 0 82
[ 1950 4.50 20 70 40 0 .36
[ 199 50 90 20 30 4.20 ¥
[ 199 60 30 80 80 30 10
[ 100! 90 10 4.00 .60 70 70
1904 4.20 50 70 30 .00 36
99 450 30 90 90 .70 24
e 60 20 20 50 30 92
[ ig07 400 30 60 70 370 28
598 2.00 50 90 30 50 28
1999 740 10 4 60 60 ]
2000 6.10 6.70 4.20 .00 .80 410
2001 10 4.20 30 40 60 26
2002 450 50 .90 40 .50 32
AVG 531 539 3.74 203 362 2.93
STD DEV 766 168 0.98 131 111 708
[ 1.30 131 0.76 1.02 0.87 0.84
a 359 466 332 346 3.14 245
["RETURN | CALGC. 24-HR RAINFALL DEPTHS (IN) FOR A GIVEN RETURN PERIOD |
PERIOD Balboa | Avg. of all
(YEARS) | Cristobal Gatun b Heights Stations
2 5.07 5.4 3.60 3.83 3.46 2.77
- e e ————— ————— - 372
Rainfall Data Page B-16 10 751 761 5.03 5.75 5.10 2.35
25 8.73 5.86 5.76 6.72 5.92 514
50 9.65 5.78 6.20 7.43 6.53 5.73
100 10.55 10.69 5.32 5.4 714 532 |




APPENDIX C - TRANSPORTATION COST MODELING
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1 MATERIAL TRANSPORTATION

This section discusses methodologies and potential costs for the transportation of
excavated and dredged material from the three main study areas to the various disposal
sites. It should be noted that the methodologies proposed reflect the consultant's
expectations for an independent contract, and may not necessarily reflect the procedures
currently adopted by ACP for its ongoing dredging and disposal operations.

The fundamental driver in the selection of the transportation methods evaluated is to
present the system that will offer the most economic cost to an outside contractor, based
on the haul distance, volume and characteristics of the material to be handled.

Due to the large quantities of material and relatively short timeframes associated with the
material disposal operations, it is anticipated that the largest available equipment will be
necessary in order to achieve the required production rates at economical cost.

Several possible transportation systems are presented from which to establish a basis for
cost for each of the disposal sites. Each of these options will require creation of either
dedicated haul roads, conveyor systems or railroads - depending on the transportation
system investigated and these costs are included in the final unit cost for each alternative.

1.1 Transportation Systems

In order to effectively move material between source and destination, several methods of
transportation and material transfer may be required, based on the nature of excavated
material and the disposal site location. This combination of equipment and methodology is
collectively referred to as the transportation system.

Primary modes of transport investigated include train, tug and scow and off-road dump
truck. In addition to the major transportation components, various methods of material
transfer are also investigated to complete the respective systems. Wheeled loaders,
railcar dumpers, conveyors and bucket cranes provide for material transfer requirements.

Certain of the options will also require the establishment of buffer storage areas and
transfer stations, in order to maintain the high rates of productivity required to meet the
overall project schedules and to optimize equipment use.

Based on material sources, methods of excavation and disposal site locations, seven
distinct transportation systems have been identified. Each system is described below and
presented graphically in Figure 1-1 through Figure 1-4.

Note: Equipment included in the respective cost estimates is identified below in bold italic
text.

Advance Report on 1-1 June 11, 2003
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e System A

1. Haul from dredge to transfer station using scow and tug
2. Transfer from scow to off-road truck using bucket crane
3. Short haul to disposal site stockpile using off-road truck
e SystemB
1. Haul from dredge to transfer station using scow and tug
2. Transfer from scow to off-road truck using bucket crane
3. Short haul to temporary stockpile using medium capacity dump truck
4. Transfer from stockpile to train using wheeled loader and loading conveyor
5. Transport to disposal site transfer station using 50-car train
6. Unload train to disposal site stockpile using railcar dumper and conveyor
e SystemC
1. Haul from dredge to transfer station using scow and tug
2. Transfer from scow to off-road truck using bucket crane
3. (Sub-system: Short haul to temporary stockpile using medium capacity dump
truck to maintain removal of material from excavation site)
4. Haul to disposal site stockpile using large capacity dump truck
e SystemD
1. Direct-load dump trucks at excavation site using mass excavator/shovel
2. Short haul to temporary stockpile using medium capacity off-road truck
3. Transfer from stockpile to train using wheeled loader and loading conveyor
4. Transport to disposal site transfer station using 50-car train
5. Unload train to disposal site stockpile using railcar dumper and conveyor
Advance Report on 1-2 June 11, 2003
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e SystemE

1.
2.

Direct-load dump trucks at excavation site using mass excavator/shovel

(Sub-system: Short haul to temporary stockpile using medium capacity dump
trucks and load large capacity trucks as available using wheeled loader -
maintains removal of material from excavation site and allows for delays to
long-haul trucks)

Haul to disposal site stockpile using large capacity dump truck and unload

e SystemF

1.
2.

Direct-load dump trucks at excavation site using mass excavator/shovel

(Sub-system: Short haul to temporary stockpile using medium capacity dump
trucks and load large capacity trucks as available using wheeled loader -
maintains removal of material from excavation site and allows for delays to
long-haul trucks)

Haul to disposal site transfer station stockpile using large capacity dump
trucks and unload

Transfer to scow using wheeled loader and conveyor

Haul to disposal site using scow and tug

e System G

1.

N o a0 A~ DN

Direct-load dump trucks at excavation site using mass excavator/shovel

Short haul to temporary stockpile using medium capacity off-road truck
Transfer from stockpile to train using wheeled loader and loading conveyor
Transport to disposal site transfer station using 50-car train

Unload train to disposal site stockpile using railcar dumper and conveyor
Transfer to scow using wheeled loader and conveyor

Haul to disposal site using scow and tug

Advance Report on 1-3 June 11, 2003
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1.2 Transportation Costs

As shown, there are numerous options available for transporting material to the respective
disposal sites. The contracting firm(s) selected to do the work will undertake the final
selection of a particular system. However, the computation of costs presented in this
section should indicate the most economical system or systems for each disposal site
option.

Due to capacity of the various disposal sites, some sites will function as part of a multiple-
site disposal solution. For the purpose of comparison and simplicity, unit cost calculations
have been performed independently for each disposal site/transportation system option.

The total system costs and resulting unit prices are based on the respective systems as
described in Section 1.1 above. No contingencies or ACP administration and engineering
costs have been included, as they are expected to be allocated to the basic excavation or
dredge projects. However contractor’s labour, profits and overhead are factored into the
respective equipment rates.

In order to determine cycle times and equipment matching, production rates of excavation
equipment (mass excavators, bucket dredges, etc.) were used. The cost of excavation is
assumed part of the respective excavation operations however and is not included in
system costs. Site preparation, final disposal site grading and general site improvements
also are excluded from the transportation system cost calculations, but will be
incorporated in the final cost estimates used to compare the various site alternatives. .

Advance Report on 1-8 June 11, 2003
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DATE PREPARED
PRELIMINARY COST ESTIMATE 19-Mar-04
CLIENT PROJECT NO.
AUTORIDAD DEL CANAL DE PANAM/ 4594-08
ESTIMATED BY
MOFFATT & NICHOL ENGINEERS
PROJECT TITLE STATUS OF DESIGN
Material Disposal Alternatives Study Conceptual
Maximum : |
Item Quantity Units Unit Cost Total
Material Transportation to A1
Scow Haul to Disposal Site - Wet Source 34,524,112 m® $4.84 $167,068,241
Train Haul to Disposal Site - Wet Source 34,524,112 m® $13.76 $475,019,048|
Truck Haul to Disposal Site - Wet Source 34,524,112 m® $32.46] $1,120,590,403
Material Transportation to T1
Truck Haul to Disposal Site - Wet Source 34,524,112 m? $3.85 $132,856,701
Truck Haul to Disposal Site - Dry Source 32,900,678 m® $2.06 $67,838,969|
Material Transportation to T2
Truck Haul to Disposal Site - Wet Source 32,350,000 m® $4.39 $141,968,054
Truck Haul to Disposal Site - Dry Source 32,350,000 m® $2.64 $85,404,000
Material Transportation to T3
Truck Haul to Disposal Site - Wet Source 28,132,315 m? $3.86 $108,452,177
Truck Haul to Disposal Site - Dry Source 28,132,315 m? $3.35 $94,349,091
Material Transportation to T4
Truck Haul to Disposal Site - Dry Source 12,555,399 m® $3.32 $41,668,606
Material Transportation to T5
Truck Haul to Disposal Site - Wet Source 7,279,264 m® $4.88 $35,530,481
Truck Haul to Disposal Site - Dry Source 7,279,264 m® $3.11 $22,631,590
Material Transportation to T6
Truck Haul to Disposal Site - Wet Source 34,524,112 m? $3.87 $133,637,201
Truck Haul to Disposal Site - Dry Source 32,900,678 m® $4.66 $153,209,824

Note: Costs for respective dredging, excavation and disposal site work not included

Printed: 3/19/2004, 1:52 PM
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Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Scow Haul to A1

Item Unit Qty Price/Rate Comments
General Parameters
Total Material to be Hauled m3 34,524,112 disposal volume matched to total wet excavation
Time to transport material year 38
Working days per year dayl/year 345
Total working days day 1,311
Target Production (total vol king days) m3/day 26,335
ACP Production Rate m3/day 4,522 based on published production rate (weighted) of 94,800m3/week
Working Hours per day hr 24 Ref: worksheet Input Sheet

Equipment Parameters
3000m3 Scow

Scow Fill Factor 60%

Scow Capacity m3 1,800 Assume 60% fill factor

Total scow trips required to move all material no. 19,181

Scow/Tug trips required per day no. 14.63

Max. load/unload time per scow * hr 1.64 Note: logistics check, indicates maximum in order to maintain production

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

41m3 Clamshell Bucket Dredge Used for logistics calculations only, cost not included
Single Bucket Capacity m3 413
Bucket Fill Factor no. 45%
Actual Bucket Capacity m3 18.585
Bucket Cycle Time sec 120
Production Rate for 41m3 clamshell dredge m3/hr 557.55 Compares with CEDEP (Corps of Engineers cost model - 600m3/hr)
Daily Loading Rate (hourly rate x working hours) m3/day 13,380.0
No. Dredges Required to maintain Target Rate y no. 20
Loading rate for 2 dredge(s) m3/hr 1,1151
CAT 775E Off-Road Truck (41.5m3 Capacity)
Design Truck Capacity m3 415
Truck Fill Factor no. 80%
Factored Truck Capacity m3 33
Total Truck Trips Required to Meet Target no. 1,039,883
Calculated truck trips per day no. 794.0
Max. load/unload time per truck * hr 0.030 Note: logistics check, indicates maximum in order to maintain production

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Dredging/Trip Cycle Assume scows loaded by 41m3 clamshell dredge
Average distance (dredge to unloading station) km 38.0 Ref: site plan
Average Scow/Tug Travel Speed km/hr 9.0
Time to Load Scow hr 1.61
Average Travel Time (round Trip) hr 8.44
Time to Berth and Dump Scow hr 0.50
Total trip cycle time hr 10.56
Max scow trips per day (assuming 24 operating hours) no. 227
No. Scow(s) required no. 8.0
No. Tow Tug(s) required - no. 5.0 Tug estimate based on cycle time, assumes tandem tows

Truck Transfer Cycle

Average distance (marine transfer station to stockpile) km 1 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.030 1.8 minutes
Estimated Travel Time (Round Trip) hr 0.080 Calculated round-trip distance of 2 km
Estimated Unload Time hr 0.017 1 minutes per truck
Total Cycle Time hr 0.13
Calculated Trips Per Truck per Day no. 189.8
No. 41.5m3 Trucks Required (short haul < 1km) no. : 6.0 plus one spare

Equipment Costs

Scow/Tugs
3000m3 scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 8 scows $/day 8.00 $ 18,661
Total cost for 5 tow tug(s) $/day 500 $ 45175
230t Manitowoc Crane + 41m3 Clamshell Bucket (Material Transfer)
Hourly Rate $/hr $ 500 Source: Dredging Specialist, M&N Walnut Creek
Daily Rate $/day $ 12,000 24 pay hours per day
Daily Cost for 2 crane(s) (loading 24 hours per day) $day 2 $24,000
CAT 775E Off-Road Truck (41.5!!\3 Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 6 trucks $/day 60 $ 39,600
Transportation Costs
Item Unit Qty Price/Rate Comments
Equipment
Scow(s) day 1,311 $18,661 §$ 24,464,821
Tow Tug(s) day 1,311 $45175 § 59,223,819
230t Manitowoc Crane + 41m3 Clamshell Bucket day 1,311 $24,000 $ 31,464,000 transfer material to landside
41.5m3 Truck(s) no. 1311 § 39,600 $ 51,915,600

Total - Material Transportation 068,241

Unit Cost $4.84 Excludes dr

Printed: 3/19/2004; 1:52 PM 20f 23 _HauiCosts-GalllardVn2A1_Scow




Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Scow/Train Haul to A1

Item Unit Qty Price/Rate Total Comments
Railway Construction Data
Formation (Section) Length m 60000
No. main-line tracks (Standard Gauge - 1435mm) no. 2
Formation cut volume m3 14510000
Formation fill volume m3 15440000
Width at Base of Formation m 30 Estimated average base width
Ballast Depth (top of tie to formation) m 0.6
Ballast Width m 6
Spacing of ties m 0.6
Wood tie dimensions
width m 0.2
depth m 0.15
length m 26
volume m3 0.078
Annual Maintenance Slyear/km §$ 40,000 Factored from 1993/94 Westrail data
Quantity Calculations
Total Track Length m 130,000 Includes 10,000m for marshalling yard
Total no. ties no. 216,667
Ballast volume m3 495,500
Ballast mass @ 1.8 t/m3 t 891,900
Construction Costs
Item Unit Qty Price/Rate Total Comments
Track Laying on Formation
Survey Ha 1200 $ 2,000.00 $ 2,400,000 200m Corridor to shoreline, guesstimate
Boreholes ea 120 § 2,400.00 § 288,000 Assuming 20m deep @ $120 per metre ($35 per foot) - every 500m
Clearing and Stripping Ha 180 $ 14,820.00 $ 2,667,600 Assume $6000 per Acre
Formation/Roadbed Earthworks m’ 29,950,000 $ 110 § 32,905,431 Cut + Fill Volumes
Ballast t 891,900 $ 34.00 § 30,324,600 Cut + Fill Volumes
Treated Wood Ties ea 216,667 $ 58.00 $ 12,566,667
Tie plates ea 433,334 § 860 $ 3,726,672
132Ib Rail m 260,000 $ 6234 § 16,207,349
Track spikes ea 866,667 $ 626 $ 5,425,333
Rail anchors ea 433,333 § 590 § 2,556,667 Anchor pattern: 1 tie in 2
Turnout (#10) ea 15 $ 30,000.00 $ 450,000
Total Cost - Track on Formation $ 109,518,319
Unit Cost per km 842,500
Item Unit Qty Price/Rate Total Comments
Structures
Bridges ea 1 $ 2000,000.00 $ 2,000,000
Culvert - crossings no. 90
Pipe (Class 5) ea 360 $ 23,580.58 § 8,489,007 Assume 30m long at each location using 4 x 1.8m (72") pipe
Headwall ea 180 § 470360 $ 846,648 Assume 1.8m (72") dia pipe
Rail Crossings ea 789 181900 § 12,733 Assume 8m-wide roadway
Total Cost - Formation + Track Laying 109,518,319
Total Cost - Railway Structures 11,348,388
Total Cost - Railway Construction 120,866,708
MATERIAL TRANSPORATION
General Specifications
Item Unit Qty Price/Rate Total Comments
General Parameters
Total Material to be Hauled m3 34,524,112
Time to transport material year 3.80
Working Days day/year 345
Total Working Days day 1,311
Calculated Target Production (total material/working days) m3/day 26,335
ACP Production Rate m3/day 4,522 based on published production rate (weighted) of 94,800m3/week
Working Hours per day hr 24 Ref: worksheet Input Sheet
Printed: 3/19/2004; 1:52 PM 3or23 _HaulCosts-GalllardVn2A1_Rail
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Panama - Material Disposal Alternatives Study

Back-up Calculations
Equipment Parameters
3000m3 Scow
Scow Fill Factor SRR e
Scow Capacity m3 1,800
Total scow trips required to move all material no. 19,181
Scow/Tug trips required per day no. 14.63
230t Manitowoc Crane + 41m3 Clamshell Bucket (Material Transfer)
Single Bucket Capacity m3 413
Bucket Fill Factor no. 45%
Actual Bucket Capacity m3 18.585
Bucket Cycle Time sec 120
Production Rate for 41m3 clamshell + crane m3/hr 557.55
Daily Loading Rate (hourly rate x working hours) m3/day 13,381.20
Hourly Loading Rate for 2 crane(s) m3/hr 1,115
CAT 994D Front End Loader (20m’ Capacity)
Single Bucket Capacity m3 20.0
Bucket Fill Factor no. 70%
Factored Bucket Capacity m3 14
Dig/Load Cycle Time sec 450
Production Rate for Loader m3/hr 1120.0
Daily Loading Rate per Loader m3/day 26,880.00
Hourly Loading Rate for 1 Loaders m3/hr 1,120.0
CAT 775E Off-Road Truck (41.5m3 Capacity)
Design Truck Capacity m3 - 415
Truck Fill Factor no. S 80%!
Factored Truck Capacity m3 33
Total Truck Trips Required to Meet Target no. 1,039,883
Calculated truck trips per day no. 794.0
Max. load/unload time per truck * hr 0.030
* Note: If this value is less than either calculated load or unload time below, then load/unload is d time to n
Trains
Rail Car Capacity m3 40
Rail Cars Per Train no. 50
Locos per Train no. 2
Total Train Capacity m3 2,000
Train Trips Required Per Day to Meet Target no. 13
Max. load/unload time per train * hritrain 1.818
* Note: If this value is less than either calculated load or unload time below, then load/unload i is d-i time to p
Scow Transfer Cycle
Average Scow/Tug Travel Speed km/hr ¢ 9
A g (dredge to ing station) km 5
Time to Load Scow hr 1.61
Average Travel Time (round Trip) hr 1.1
Time to Berth and Dump Scow hr TSis0.80
Total trip cycle time hr 3.23
Max scow trips per day (assuming 24 operating hours)
Truck Transfer Cycle
Average one-way distance (marine transfer station to stockpile) km 1.0
Average Truck Travel Speed 25
Estimated Load Time hr 0.030
Estimated Travel Time (Round Trip) hr 0.080
Estimated Unload Time hr 0.017
Total Cycle Time hr 0.13
Calculated Trips Per Truck per Day no. 189.8
Rail Transportation Cycle
Avg.one-way track distance (transfer to disposal site) km 60.0
Average Train Speed km/hr 15
Time to Load Train hr 179
Average Travel Time (Round Trip) hr 8.00
Time to Unload Train hr 0.83
Total trip cycle time hr 10.63
No. trains I g ping sil y no. 0.50
Calculated Trips Per Train Per Day no. 23
Printed: 3/19/2004; 1:52 PM 4of23

Assume 60% fill factor

Compares with CEDEP (Corps of Engineers cost model)

Indicates train loading rate

Comparison: Harza Report, 1200m3/hr

Note: logistics check, il in order to maintai d

Ruling Grade @ 1.5%

To meet target, requires 2 tracks at unloading site
Note: logistics check

Assume scows loaded by 41m3 clamshell dredge

Ref: site plan

Tug estimate based on cycle time

Source: site plan

1.8 minutes
Calculated round-trip distance of 2 km
1 minutes per truck

factor included for train movements and delays

Dual-car dumpers, 2min per car per dumper

Indicates no. of trains ing/ to meet ion target
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Equipment Costs
Scow/Tugs
3000m3 scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 $ 4,665
Total cost for 1 tow tug(s) $/day 1.00 $ 9,035
230t Manitowoc Crane + 41m3 Clamshell Bucket (Material Transfer)
Hourly Rate $/hr $ 500
Daily Rate $/day $ 12,000 24 pay hours per day
Daily Cost for 2 crane(s) (loading 24 pay hours per day) $day 2 $24,000.00
CAT 775E Off-Road Truck (41.5m® Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 5 trucks $/day 50 § 33,000
CAT 994D Front End Loader (20m* Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Daily Rate for 1 loaders $/day 10 8 14,400
Rollingstock
Locomotive - Purchase Cost ea $ 2,200,000 Research results
Locomotive - Salvage Value (@ 20%) ea $ 440,000 Research results
Side-dump rail car - Purchase Cost ea $ 80,000 Research results
Side-dump rail car - Salvage Value (@ 20%) ea $ 16,000 Research results
Locomotive operational cost $/day/unit $ 1,500 Research results
Locomotive maintenance cost $/day/unit $ 1,000 Research results
Rail car maintenance cost $/day/unit $ 100 Research results
Railway Operation and Maintenance Costs
Rollingstock
Daily Operations Cost for 12 Locos $/day $ 18,000
Daily Maintenance Cost for 12 Locos $/day $ 12,000
Daily Maintenance Cost for 300 Rail Cars $/day $ 30,000
Track
No. Mainline Tracks no. 2
Daily maintenance cost $/day 120 § 100.00 $ 12,000
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Daily maintenance cost for 1 km of haul road $/day 1.0 $1,000.00
Conveyors
Maintenance and operation $/km $4,000.00
Daily cost for 5km of conveyor $/day 5 $20,000.00
Train Loading and Transportation Costs
Item Unit Qty Price/Rate Total Comments
Rail Transportation Costs
Scow(s) day 1.311 $4,665 $ 6,116,205
Tow Tug(s) day 1,311 $9,035 § 11,844,764
230T Crane day 1,311 $24,000 $ 31,464,000 transfer to landside
41.5m3 Truck(s) no. 1311 § 33,000 $ 43,263,000
20m3 Front End Loader no. 1311 8 14,400 $ 18,878,400
Conveyor/Railcar Loading System LS 1 $20,000,000 $ 20,000,000 Source: EDC report April 2003
Railway Equipment/Operation tonne.km 3521459424 § 0.050 $ 176,072,971 ** Cost comparison provided by 'Rollingstock Costs' below
Railway Construction LS $ 120,866,708
Track Maintenance day 1,311 $12,000.00 $ 15,732,000
Railcar dumper + stacker conveyor no. 18 3,000,000 $ 3,000,000
Haul Roads and Conveyor
Haul Road Construction km 10 § 250,000 $ 250,000
Haul Road Maintenance day 1,311 8 1,000 $ 1,311,000
Conveyor maintenance and operation day 1311 § 20,000 $ 26,220,000
Total Cost - Material Transportation $475,019,048
Unit cost of transport per m* $13.76
**Rollingstock Costs
Item Unit Qty Price/Rate Comments
Rollingstock Purchase Costs
Locomotives no. 14 8 2,200,000 $ 30,800,000 Includes backup loco(s)
Rail cars no. 310 § 80,000 $ 24,800,000 Includes backup rail cars
Operating/Maintenance Costs
Operational cost of locomotives day 1311 § 18,000 $ 23,598,000
Maintenance cost of locomotives day 1311 8§ 12,000 § 15,732,000
Maintenance cost of rail cars day 1311 § 30,000 $ 39,330,000
Salvage Value
Locomotives no. 14 440,000 $ (6,160,000)
Rail cars no. 310 $ 16,000 $ (4,960,000)

** Total Cost - Rollingstock $123,140,000
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Panama - Material Disposal Alternatives Study

Backup Calculations
Project Specifications - Scow/Truck Haul to A1

"~ Cells requiring user input are highlights

General Parameters
Total Material to be Hauled by Truck m3
Time to transport material year
Working Days per Year day/year
Total Working Days day
ACP Production Rate - Wet m3/day
C Target P ion (total ial/working days) m3/day
Working Hours per day hr
Equipment Parameters
3000m3 Scow
Scow Capacity m3
Total scow trips required to move all material no.
Scow/Tug trips required per day no.
41m3 Clamshell Bucket Dredge
Single Bucket Capacity m3
Bucket Fill Factor no.
Factored Bucket Capacity m3
Bucket Cycle Time sec
Production Rate for 41m3 clamshell + crane m3/hr

Daily Loading Rate (hourly rate x working hours)

CAT 789C Off-Road Truck (105m3 Capacity)

Truck Capacity (Max.) m3
Truck Capacity (Struck) m3
Total Truck Trips Required to Meet Target no.
Calculated truck trips per day no.
Max. load/unload time per truck * hr

Back-up Calculations

2,760
12,509
4.53

413
45%
18.585
120
557.55
13,381.20

105

73
472,933
172.0
0.140

time to

* Note: If this value is less than either calculated load or unload time below, then k

Scow Transfer Cycle
A (dredge to ing station) km

)
Average Scow/Tug Travel Speed km/hr
Time to Load Scow hr
Average Travel Time (round Trip) hr
Time to Berth and Dump Scow hr
Total trip cycle time hr
Max scow trips per day (assuming 24 operating hours) no.

Truck Transportation Cycle

way di ( station to di site) km
Average Truck Travel Speed

Estimated Load Time hr
Estimated Travel Time (Round Trip) hr
Estimated Unload Time hr

Total Cycle Time hr

Calculated Trips Per Truck per Day no.

Printed: 3/19/2004; 1:52 PM

50

4.95
1.11

6.56

3.66

based on publi ge production rate of 30,000m3/week

Assume 60% fill factor

used to calculate transport cycles

Compares with CEDEP (Corps of Engineers cost model)

Indicates train loading rate

Note: logistics check

Assume scows loaded by 41m3 clamshell dredge
Ref: site plan

Tug estimate based on cycle time

Source: site plan

7.9 minutes
Calculated round-trip distance of 120 km
3 minutes

Arbitrary no. used to maintain continuous flow at transfer station
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Equipment Costs
Scow/Tugs
3000m3 scow (includes labor and operating costs) $/day $ 2333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 $ 4,665
Total cost for 2 tow tug(s) $/day 200 $ 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Daily rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 1 crane(s) (loading 24 hours per day) $day 100 § 12,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 30 trucks $/day 30.00 $ 238,641
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 8 trucks $/day 8.0 § 52,800
CAT 994D Front End Loader (20m® Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 60.0 $60,000.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 2,760.0 $ 4665 §$ 12,876,222
3000HP Tug day 2,760.0 $ 18,070 $ 49,872,690
230t Crane day 2,760.0 $ 12,000 § 33,120,000
105m3 Off-Road Trucks day 2,760.0 $ 238641 § 658,649,491
41.5m3 Off-Road Trucks day 2,760.0 § 52,800 $ 145,728,000
20m3 Front End Loader day 2,760.0 § 14400 $ 39,744,000
Haul Roads
Construction km 60.0 § 250,000 $ 15,000,000
Maintenance day 2,760.0 $ 60,000 $ 165,600,000
Total Cost - Material Transportation $1,120,590,403
Unit cost of truck haul per m® $32.46
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Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Scow/Truck Haul to T1

General Parameters
Total Material to be Hauled by Scow/Truck (Wet Excavation) m3 34,524,112 Disposal volume matched to total wet excavation
Time to transport material year . - 38
Working Days per Year day/year : 345
Total Working Days day 1,311
Target Production (total king days) m3/day 26,335 |
ACP Production Rate - Wet m3/day 2 ‘AM based on published average production rate of 30,000m3/week |
Working Hours per day hr ! 24
Equipment Parameters
3000m3 Scow
Scow Capacity m3 1,800 Assume 60% fill factor |
Total scow trips required to move all material no. 19,181
Scow/Tug trips required per day no. 14.63
41m3 Clamshell Bucket Dredge used to calculate transport cycles
Single Bucket Capacity m3 413 ]
Bucket Fill Factor no. 45%
Factored Bucket Capacity m3 18.585
Bucket Cycle Time sec 120
Production Rate for 41m3 clamshell + crane m3/hr 557.55 Compares with CEDEP (Corps of Engineers cost model)
Daily Loading Rate (hourly rate x working hours) m3/day 13,381.20

Indicates train loading rate

J

CAT 789C Off-Road Truck (105m3 Capacity)

Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 472,933 "_’
Calculated truck trips per day no. 361.0 |
Max. load/unload time per truck * hr 0.066 Note: logistics check
* Note: If this value is less than either calculated load or unload time below, then i is ded - increase time to completion -
Scow Transfer Cycle Assume scows loaded by 41m3 clamshell dredge
Average one-way distance (dredge to transfer station) km 5.0 Ref: site plan 3
Average Scow/Tug Travel Speed km/hr 9
Time to Load Scow hr 1.61
Average Travel Time (round Trip) hr 1.11 —
Time to Berth and Dump Scow hr 0.50
Total trip cycle time hr 3.23
[on
Max scow trips per day (assuming 24 operating hours) no. 7.44 |
Tug estimate based on cycle time —
Truck Transportation Cycle .
Average di ( station to di: site) km - 15 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes e
Estimated Travel Time (Round Trip) hr 0.120 Calculated round-trip distance of 3 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.24 3
Calculated Trips Per Truck per Day no. 101.9
e
Arbitrary no. used to maintain continuous flow at transfer station
(-
-
—
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Equipment Costs
Scow/Tugs
3000m’ scow (includes labor and operating costs)

Panama - Material Disposal Alternatives Study
Back-up Calculations

$/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 $ 4,665
Total cost for 2 tow tug(s) $/day 200 $ 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Dail rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 2 crane(s) (loading 24 hours per day) $day 200 § 24,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 4 trucks $/day 4.00 $ 31,819
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 1 trucks $/day 10 § 6,600
CAT 994D Front End Loader (20m3 Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 15 $1,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 13110 § 4665 $ 6,116,205
3000HP Tug day 13110 § 18,070 $ 23,689,528
230t Crane day 13110 § 24000 $ 31,464,000
105m3 Off-Road Trucks day 13110 § 31819 § 41,714,468
41.5m3 Off-Road Trucks day 13110 § 6,600 $ 8,652,600
20m3 Front End Loader day 13110 § 14,400 $ 18,878,400
Haul Roads
Construction km 15§ 250,000 $ 375,000
Maintenance day 13110 § 1,500 $ 1,966,500

Total Cost - Material Transportation

Unit cost of truck haul per m®

Printed: 3/19/2004; 1:52 PM
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$132,856,701
$3.85
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Backup Calculations
Project Specifications - Truck Haul to T1

Panama - Material Disposal Alternatives Study
Back-up Calculations

General Parameters
Total Material to be Hauled by Truck (Dry Excavation)
Time to transport material
Working Days per Year
Total Working Days
ACP Production Rate - Dry
Calculated Target Production (total material/working days)
Working Hours per day

Equipment Parameters
CAT 789C Off-Road Truck (105m3 Capacity)
Truck Capacity (Max.)
Truck Capacity (Struck)
Total Truck Trips Required to Meet Target
Calculated truck trips per day
Max. load/unload time per truck *

CAT 5230B Mass Excavator/Shovél (17m3 bucket)

Cells requiring user input are highlighted thus:

Unit

m3
year
day/year
day
m3/day
m3/day
hr

m3
m3
no.
no.
hr

Qty

32,900,678
3.6
345
1,242
22,609
26,491
24

105

73
450,694
363.0
0.066

Price/Rate

Total Comments

Disposal volume matched to total dry excavation

based on published average production rate of 150,000m3/week

Note: logistics check

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
No. Required to Target Rate 1.0
Hourly Loading Rate for 1 Excavate 1,122.0
Truck Transportation Cycle
Average one-way distance (work face to disposal site) km 1.5 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.120 Calculated round-trip distance of 3 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.24
Calculated Trips Per Truck per Day no. 102.1
No. 105m3 Trucks Required (long haul) no. 4.0
No. 41.5m3 Trucks Required (short haul < 1km) no. 1.0 Arbitrary no. used to maintain continuous flow at transfer station
Equipment Costs
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 4 trucks $/day 40 § 31,819
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 1 trucks $/day 10 § 6,600
CAT 994D Front End Loader (20m’ Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 15 $1,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
105m3 Off-Road Trucks day 1,2420 $ 31819 § 39,518,969
41.5m3 Off-Road Trucks day 1,2420 § 6,600 $ 8,197,200
20m3 Front End Loader day 1,2420 § 14,400 $ 17,884,800
Haul Roads
Construction km 15§ 250,000 $ 375,000
Maintenance day 12420 $ 1,500 $ 1,863,000
Total Cost - Material Transportation $67,838,969
Unit cost of truck haul per m’ $2.06
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Panama - Material Disposal Alternatives Study

Backup Calculations
Project Specifications - Scow/Truck Haul to T2

T o i

Cells uiring user input are highlighted thus:
General Parameters

Total Material to be Hauled by Scow/Truck (Wet Excavation)

Time to transport material

Working Days per Year

Total Working Days

Target F (total rking days)

ACP Production Rate - Wet

Working Hours per day

Equipment Parameters
3000m3 Scow
Scow Capacity
Total scow trips required to move all material
Scow/Tug trips required per day

41m3 Clamshell Bucket Dredge

Single Bucket Capacity

Bucket Fill Factor

Factored Bucket Capacity

Bucket Cycle Time

Production Rate for 41m3 clamshell + crane
Daily Loading Rate (hourly rate x working hours)

CAT 789C Off-Road Truck (105m3 Capacity)
Truck Capacity (Max.)
Truck Capacity (Struck)
Total Truck Trips Required to Meet Target
Calculated truck trips per day
Max. load/unload time per truck *
* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is

Scow Transfer Cycle
Average one-way distance (dredge to transfer station)
Average Scow/Tug Travel Speed
Time to Load Scow
Average Travel Time (round Trip)
Time to Berth and Dump Scow
Total trip cycle time

Max scow trips per day (assuming 24 operating hours)

Truck Transportation Cycle
A ge one-way di { station to di | site)
Average Truck Travel Speed

Estimated Load Time
Estimated Travel Time (Round Trip)
Estimated Unload Time

Total Cycle Time

Calculated Trips Per Truck per Day

Printed: 3/19/2004; 1:52 PM

m3

year

day/year

day

m3/day
m3/day

hr

m3
no.
no.

m3

m3
sec
m3/hr

m3
m3
no.
no.
hr

Back-up Calculations

413
45%
18.585
120
557.55
13,381.20

110723

based on I ge prod rate of 30,000m3/week

Assume 60% fill factor

used to calculate transport cycles

Compares with CEDEP (Corps of Engineers cost model)

Indicates train loading rate

Note: logistics check

Assume scows loaded by 41m3 clamshell dredge
Ref: site plan

Tug estimate based on cycle time

Source: site plan

2.6 minutes
Calculated round-trip distance of 5 km
3 minutes

Arbitrary no. used to maintain continuous flow at transfer station
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Equipment Costs
Scow/Tugs
3000m”* scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 $ 4,665
Total cost for 2 tow tug(s) $/day 200 $ 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Dail rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 3 crane(s) (loading 24 hours per day) $day 3.00 § 36,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 6 trucks $/day 6.00 $ 47,728
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20 8 13,200
CAT 994D Front End Loader (20m3 Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 25 $2,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 1,035.0 $ 4665 $ 4,828,583
3000HP Tug day 1,035.0 § 18,070 $ 18,702,259
230t Crane day 1,035.0 § 36,000 $ 37,260,000
105m3 Off-Road Trucks day 1,035.0 § 47728 §$ 49,398,712
41.5m3 Off-Road Trucks day 1,035.0 § 13200 $ 13,662,000
20m3 Front End Loader day 1,035.0 $ 14,400 $ 14,904,000
Haul Roads
Construction km 25§ 250,000 $ 625,000
Maintenance day 1,035.0 § 2,500 $ 2,587,500

Total Cost - Material Transportation $141,968,054

Unit cost of truck haul per m’ $4.39
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Backup Calculations
Project Specifications - Truck Haul to T2

Panama - Material Disposal Alternatives Study

Back-up Calculations

General Parameters
Total Material to be Hauled by Truck (Dry Excavation)
Time to transport material
Working Days per Year
Total Working Days
ACP Production Rate - Dry
Calculated Target Production (total material/working days)
Working Hours per day

Equipment Parameters
CAT 789C Off-Road Truck (105m3 Capacity)
Truck Capacity (Max.)
Truck Capacity (Struck)
Total Truck Trips Required to Meet Target
Calculated truck trips per day
Max. load/unload time per truck *

CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Cells requiring user input are highlighted thus:

Unit

m3
year
day/year
day
m3/day
m3/day
hr

m3
m3
no.
no.

hr

Qty

32,350,000
3.0

105

73
443,151
429.0
0.056

Price/Rate

Total

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Comments

based on published average production rate of 150,000m3/week

Note: logistics check

Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 11220 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
 No. Excavators Required to maintain Target Rate o
Hourly Loading Rate for 2 Excavators 2,244.0
Truck Transportation Cycle
Average one-way distance (work face to disposal site) km 2.5 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.033 2 minutes
Estimated Travel Time (Round Trip) hr 0.200 Calculated round-trip distance of 5 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.28
Calculated Trips Per Truck per Day no. 84.9
- No. 105m3 Trucks Required (long haul) 2 no. 6.0
© No.41.5m3 Trucks Required (short haul < 1km) no. 2.0 Arbitrary no. used to maintain continuous flow at transfer station
Equipment Costs
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 6 trucks $/day 60 $ 47,728
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20§ 13,200
CAT 994D Front End Loader (20m’ Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 25 $2,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
105m3 Off-Road Trucks day 1,035.0 § 47,728 49,398,712
41.5m3 Off-Road Trucks day 1,035.0 $ 13,200 13,662,000
20m3 Front End Loader day 1,0350 $ 14,400 14,904,000
Haul Roads
Construction km 25 § 250,000 625,000
Maintenance day 1,035.0 § 2,500 2,587,500
tal Cost - Material Transportation $81,177,212
Unit cost of truck haul per m’ $2.64
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Panama - Material Disposal AIternatIves: Study

Backup Calculations
Project Specifications - Scow/Truck Haul to T3

s requiring user input are highlight:

General Parameters
Total Material to be Hauled by Truck (Wet Excavation) m3
Time to transport material year
Working Days per Year dayl/year
Total Working Days day
C Target Py ion (total i rking days) m3/day
ACP Production Rate - Wet m3/day
Working Hours per day hr
Equipment Parameters
3000m3 Scow
Scow Capacity m3
Total scow trips required to move all material no.
Scow/Tug trips required per day no.
41m3 Clamshell Bucket Dredge
Single Bucket Capacity m3
Bucket Fill Factor no.
Factored Bucket Capacity m3
Bucket Cycle Time sec
Production Rate for 41m3 clamshell + crane m3/hr

CAT 789C Off-Road Truck (105m3 Capacity)

Truck Capacity (Max.) m3
Truck Capacity (Struck) m3
Total Truck Trips Required to Meet Target no.
Calculated truck trips per day no.
Max. load/unload time per truck * hr

Scow Transfer Cycle

Average one-way distance (dredge to unloading station) km
Average Scow/Tug Travel Speed km/hr
Time to Load Scow hr
Average Travel Time (round Trip) hr
Time to Berth and Dump Scow hr
Total trip cycle time hr
Max scow trips per day (assuming 24 operating hours) no.

Truck Transportation Cycle
B I station to di site) km

g y (
Average Truck Travel Speed

Estimated Load Time hr
Estimated Travel Time (Round Trip) hr
Estimated Unload Time hr

Total Cycle Time hr

Calculated Trips Per Truck per Day

Printed: 3/19/2004; 1:52 PM

* Note: If this value is less than either calculated load or unload time below, then |

Back-up Calculations

15,630
14.61

41.3
45%
18.585
120
557.55

Daily Loading Rate (hourly rate x working hours) m3/day 13,381.20

I
based on published average production rate of 30,000m3/week

Assume 60% fill factor

used to calculate transport cycles

Compares with CEDEP (Corps of Engineers cost model)

Indicates train loading rate

Note: logistics check

Assume scows loaded by 41m3 clamshell dredge
Ref: site plan

equipment matching based on cycle time

Source: site plan

3.9 minutes
Calculated round-trip distance of 3 km
3 minutes

Arbitrary no. used to maintain continuous flow at transfer station
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Equipment Costs
Scow/Tugs
3000m° scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 § 4,665
Total cost for 2 tow tug(s) $/day 200 $ 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Dail rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 2 crane(s) (loading 24 hours per day) $day 200 $ 24,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 4 trucks $/day 400 $ 31,819
CAT 775E Off-Road Truck (41.5mJ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 1 trucks $/day 10§ 6,600
CAT 994D Front End Loader (20m3 Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $1,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 1,069.5 $ 4665 $ 4,989,536
3000HP Tug day 1,069.5 § 18,070 § 19,325,667
230t Crane day 1,069.5 $ 24,000 $ 25,668,000
105m3 Off-Road Trucks day 1,069.5 § 31819 § 34,030,224
41.5m3 Off-Road Trucks day 10695 $ 6,600 $ 7,058,700
20m3 Front End Loader day 1,069.5 $ 14400 $ 15,400,800
Haul Roads
Construction km 16 § 250,000 $ 375,000
Maintenance day 1,069.5 $ 1500 $ 1,604,250
Total Cost - Material Transportation $108,452,177
Unit cost of truck haul per m* $3.86

Printed: 3/119/2004; 1:52 PM
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Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Truck Haul to T3

Item Unit Qty Price/Rate Comments
Cells requiring user input are highlighted thus:
General Parameters
Total Material to be Hauled by Truck m3 28,132,315
Time to transport material year 3.10
Working Days per Year day/year 345
Total Working Days day 1,070
ACP Production Rate - Dry m3/day 22,609 based on published average production rate of 150,000m3/week
Calculated Target Production (total material/working days) m3/day 26,305
Working Hours per day hr 24
Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
‘No. Ex quired to in Target Rate 1.0
Hourly Loading Rate for 1 Excavators 1,122.0
CAT 789 Off-Road Truck
Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 385,374
Calculated truck trips per day no. 361.0
Max. load/unload time per truck * hr 0.066 Note: logistics check

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (work face to disposal site) km 4.0 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.320 Calculated round-trip distance of 8 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.44
Calculated Trips Per Truck per Day no. 5§52
No. 105m3 Trucks Required (long haul) no. 7.0
No. 41.5m3 Trucks Required (short haul < 1km) no. 2.0 Arbitrary no. used to maintain continuous flow at excavation site

Equipment Costs
CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Hourly Rate $/hr $ 592.95
Daily Rate per excavator $/day $ 14,231 24 pay hours
Daily Rate for 1 excavators $/day 10§ 14,231
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 7 trucks $/day 70 % 55,683
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20§ 13,200
CAT 994D Front End Loader (20m® Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $4,000.00
Truck Loading and Transportation Costs
Item Unit Qty Price/Rate Comments
Equipment
105m3 Off-Road Trucks day 1,069.5 $ 55683 § 59,652,891
41.5m3 Off-Road Trucks day 1,069.5 $ 13,200 §$ 14,117,400
20m3 Front End Loader day 10695 $ 14400 $ 15,400,800
Haul Roads
Construction km 40 8 250,000 $ 1,000,000
Maintenance day 1,069.5 $ 4000 $ 4,278,000
Total Cost - Material Transportation $94,349,091
Unit cost of truck haul per m’ $3.35
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Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Truck Haul to T4

Unit Qty Price/Rate Comments
Cells requiring user input are highlighted thus:
General Parameters
Total Material to be Hauled by Truck m3 12,555,399 Maximum from excavation source
Time to transport material year 1.50
Working Days per Year day/year 345
Total Working Days day 518
ACP Production Rate - Dry m3/day 22,609 based on published average production rate of 150,000m3/week
Calculated Target Production (total material/working days) m3/day 24,262
Working Hours per day hr 24
Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
No. Excavators lendtomaimln‘l’lrudm 1.0
Hourly Loading Rate for 1 Excavators s 1,122.0
CAT 789 Off-Road Truck
Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 171,992
Calculated truck trips per day no. 333.0
Max. load/unload time per truck * hr 0.072 Note: logistics check

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (transfer station to disposal site) km 3.5 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.280 Calculated round-trip distance of 7 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.40

Calculated Trips Per Truck per Day no. 60.7

No. 105m3 Trucks Required (long haul) no. 6.0

No. 41.5m3 Trucks Required (short haul < 1km) no. 20 Arbitrary no. used to maintain continuous flow at excavation site

Equipment Costs
CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Hourly Rate $/hr $ 592,95
Daily Rate per excavator $/day $ 14,231 24 pay hours
Daily Rate for 1 excavators $/day 10 §$ 14,231
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 6 trucks $/day 6.0 § 47,728
CAT 775E Off-Road Truck (41 .5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20§ 13,200
CAT 994D Front End Loader (20m’ Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $3,500.00
Truck Loading and Transportation Costs
Item Unit Qty Price/Rate Comments
Equipment
105m3 Off-Road Trucks day 5175 § 47,728 $ 24,699,356
41.5m3 Off-Road Trucks day 5175 § 13,200 § 6,831,000
20m3 Front End Loader day 5175 § 14,400 § 7,452,000
Haul Roads
Construction km 35§ 250,000 $ 875,000
Maintenance day 5175 § 3500 §$ 1,811,250

Total Cost - Material Transportation

$41,668,606

Unit cost of truck haul per m’
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Backup Calculations

Panama - Material Disposal Alternatives Study

Project Specifications - Scow/Truck Haul to T5

General Parameters

Time to transport material
Working Days per Year
Total Working Days

Total Material to be Hauled by Truck (Wet Excavation)

Calculated Target Production (total

ACP Production Rate - Wet
Working Hours per day

Equipment Parameters
3000m3 Scow
Scow Capacity
Total scow trips required to move all material
Scow/Tug trips required per day

41m3 Clamshell Bucket Dredge
Single Bucket Capacity
Bucket Fill Factor
Factored Bucket Capacity
Bucket Cycle Time
Production Rate for 41m3 clamshell + crane

Truck Capacity (Max.)

Truck Capacity (Struck)

Total Truck Trips Required to Meet Target
Calculated truck trips per day

Max. load/unload time per truck *

Scow Transfer Cycle

Average Scow/Tug Travel Speed

Time to Load Scow

Average Travel Time (round Trip)

Time to Berth and Dump Scow
Total trip cycle time

Truck Transportation Cycle

station to di

ing days)

Daily Loading Rate (hourly rate x working hours)

CAT 789C Off-Road Truck (105m3 Capacity)

* Note: If this value is less than either calculated load or unload time below, then

Average one-way distance (dredge to unloading station)

9 y (
Average Truck Travel Speed

Estimated Load Time
Estimated Travel Time (Round Trip)
Estimated Unload Time

Total Cycle Time

Calculated Trips Per Truck per Day

Printed: 3/19/2004; 1:52 PM

site)

m3
year
day/year
day
m3/day
m3/day
hr

no.
no.

no.
m3
sec
m3/hr
m3/day

m3
m3
no.
no.
hr

Back-up Calculations

1,800
4,045
14.66

41.3

45%
18.585
120
557.55
13,381.20

time to

km

Max scow trips per day (assumini 24 operating hours) no. 7.44

180f 23

based on published average production rate of 30,000m3/week

Assume 60% fill factor

used to calculate transport cycles

Compares with CEDEP (Corps of Engineers cost model)

Indicates train loading rate

Note: logistics check

Assume scows loaded by 41m3 clamshell dredge
Ref: site plan

equipment matching based on cycle time

Source: site plan

3.9 minutes
Calculated round-trip distance of 7 km
3 minutes

Arbitrary no. used to maintain continuous flow at transfer station
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Panama - Material Disposal Alternatives Study

Back-up Calculations

Equipment Costs
Scow/Tugs
3000m” scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 § 4,665
Total cost for 2 tow tug(s) $/day 200 § 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Dail rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 2 crane(s) (loading 24 hours per day) $day 200 $ 24,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 6 trucks $/day 6.00 $ 47,728
CAT 775E Off-Road Truck (41.5m* Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20 § 13,200
CAT 994D Front End Loader (zum’ Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $3,500.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 276.0 $ 4665 $ 1,287,622
3000HP Tug day 276.0 $ 18,070 $ 4,987,269
230t Crane day 276.0 $ 24,000 $ 6,624,000
105m3 Off-Road Trucks day 2760 $ 47,728 $ 13,172,990
41.5m3 Off-Road Trucks day 276.0 $ 13200 $ 3,643,200
20m3 Front End Loader day 276.0 $ 14,400 $ 3,974,400
Haul Roads
Construction km 35 % 250,000 $ 875,000
Maintenance day 276.0 $§ 3500 $ 966,000

Total Cost - Material Transportation
Unit cost of truck haul per m®

Printed: 3/19/2004; 1:52 PM
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Backup Calculations
Project Specifications - Truck Haul to T5

Item Unit Qty Price/Rate Comments
Cells requiring user input are highlighted thus:
General Parameters
Total Material to be Hauled by Truck m3 7,279,264
Time to transport material year 0.80
Working Days per Year day/year 345
Total Working Days day 276
ACP Production Rate - Dry m3/day 22,609 based on published average production rate of 150,000m3/week
Calculated Target Production (total material/working days) m3/day 26,375
Working Hours per day hr 24
Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
No. E; Required to maintain Target Rate " 1.0
" Hourly Loading Rate for 1 Excavators 1,122.0
CAT 789 Off-Road Truck
Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 99,716
Calculated truck trips per day no. 362.0
Max. load/unload time per truck * hr 0.066 Note: logistics check

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (work face to disposal site) km 3.5 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.280 Calculated round-trip distance of 7 km
Estimated Unload Time hr 0.050 3 minutes

Total Cycle Time hr 0.40
Calculated Trips Per Truck per Day no. 60.7

No. 105m3 Trucks Required (long haul) no. 6.0
~ No. 41.5m3 Trucks Required (short haul < 1km) no. 20 Arbitrary no. used to maintain continuous flow at excavation site
Equipment Costs

CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Hourly Rate $/hr $ 592.95

Daily Rate per excavator $/day $ 14,231 24 pay hours

Daily Rate for 1 excavators $/day 10 8 14,231

CAT 789C Off-Road Truck (105m3 Capacity)

Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 6 trucks $/day 60 $ 47,728

CAT 775E Off-Road Truck (41.5m® Capacity)

Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20§ 13,200

CAT 994D Front End Loader (20m’ Capacity)

Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $3,500.00
Truck Loading and Transportation Costs
Item Unit Qty Price/Rate Comments
Equipment
105m3 Off-Road Trucks day 276.0 $ 47,728 § 13,172,990
41.5m3 Off-Road Trucks day 276.0 $ 13,200 $ 3,643,200
20m3 Front End Loader day 276.0 $ 14,400 $ 3,974,400
Haul Roads
Construction km 35§ 250,000 $ 875,000
Maintenance day 276.0 $ 3,500 $ 966,000
Total Cost - Material Transportation $22,631,590

Unit cost of truck haul per m’ .11
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Panama - Material Disposal Alternatives Study
Back-up Calculations
Backup Calculations
Project Specifications - Scow/Truck Haul to T6
E

Cells requiring user input are highlighted thus:

General Parameters
Total Material to be Hauled by Scow/Truck (Wet Excavation) m3 34,524,112
Time to transport material year e s T
Working Days per Year day/year 345
Total Working Days day 1,311
Target Production (total i g days) m3/day 26,335
ACP Production Rate - Wet m3/day based on published g ion rate of 30,000m3/week
Working Hours per day hr
Equipment Parameters
3000m3 Scow
Scow Capacity m3 1,800 Assume 60% fill factor
Total scow trips required to move all material no. 19,181
Scow/Tug trips required per day no. 14.63
41m3 Clamshell Bucket Dredge used to calculate transport cycles
Single Bucket Capacity m3 413
Bucket Fill Factor no. 45%
Factored Bucket Capacity m3 18.585
Bucket Cycle Time sec 120
Production Rate for 41m3 clamshell + crane m3/hr 557.55 Compares with CEDEP (Corps of Engineers cost model)

Daily Loading Rate (hourly rate x working hours) m3/day 13,381.20

CAT 789C Off-Road Truck (105m3 Capacity)

Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 472,933
Calculated truck trips per day no. 361.0
Max. load/unload time per truck * hr 0.066 Note: logistics check
* Note: If this value is less than either calculated load or unload time below, then load/unload i is ded - i time to
Scow Transfer Cycle Assume scows loaded by 41m3 clamshell dredge
Average distance (dredge to transfer station) km 5.0 Ref: site plan
Average Scow/Tug Travel Speed km/hr 9
Time to Load Scow hr 1.61
Average Travel Time (round Trip) hr 1.1
Time to Berth and Dump Scow hr 0.50
Total trip cycle time hr 3.23

Max scow trips per day (assuming 24 operating hours) no. 7.44

Tug estimate based on cycle time

Truck Transportation Cycle

g y (1 station to di site) km 20 Source: site plan
Average Truck Travel Speed 30
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.133 Calculated round-trip distance of 4 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.25
Calculated Trips Per Truck per Day no. 96.5

Arbitrary no. used to maintain continuous flow at transfer station
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Panama - Material Disposal Alternatives Study
Back-up Calculations

Equipment Costs
Scow/Tugs
3000m3 scow (includes labor and operating costs) $/day $ 2,333 Source: Corps of Engineers, divide monthly cost by 30.4375
3000HP towing tug (includes labor and operating costs) $/day $ 9,035 Source: Corps of Engineers, divide monthly cost by 30.4375
Total cost for 2 scow(s) $/day 200 $ 4,665
Total cost for 2 tow tug(s) $/day 200 $ 18,070
230t Manitowoc Crane + 41m3 Clamshell Bucket
Hourly Rate (inclusive) $/hr $ 500
Dail rate per crane $/day $ 12,000 24 pay hours per day
Daily cost for 2 crane(s) (loading 24 hours per day) $day 200 § 24,000
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 4 trucks $/day 4.00 $ 31,819
CAT 775E Off-Road Truck (41.5m3 Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 1 trucks $/day 10 § 6,600
CAT 994D Front End Loader (2()m3 Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 20 $2,000.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
3000m3 Scow day 13110 § 4665 $ 6,116,205
3000HP Tug day 13110 § 18,070 $ 23,689,528
230t Crane day 13110 § 24,000 $ 31,464,000
105m3 Off-Road Trucks day 13110 § 31819 § 41,714,468
41.5m3 Off-Road Trucks day 1,311.0 § 6,600 $ 8,652,600
20m3 Front End Loader day 13110 § 14,400 $ 18,878,400
Haul Roads
Construction km 208 250,000 $ 500,000
Maintenance day 13110 § 2,000 $ 2,622,000

Total Cost - Material Transportation

Unit cost of truck haul per m®
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Backup Calculations
Project Specifications - Truck Haul to T6

Panama - Material Disposal Alternatives Study

Back-up Calculations

CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Item Unit Qty Price/Rate Total Comments
Cells requiring user input are highlighted thus:
General Parameters
Total Material to be Hauled by Truck (Dry Excavation) m3 32,900,678
Time to transport material year 36
Working Days per Year day/year 345
Total Working Days day 1,242
ACP Production Rate - Dry m3/day 22,609 based on published average production rate of 150,000m3/week
Calculated Target Production (total material/working days) m3/day 26,491
Working Hours per day hr 24
Equipment Parameters
CAT 789C Off-Road Truck (105m3 Capacity)
Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 450,694
Calculated truck trips per day no. 363.0
Max. load/unload time per truck * hr 0.066 Note: logistics check

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion, or double-load trucks

Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for Excavator 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
No. Excavators Required to maintain Target Rate 1.0
Hourly Loading Rate for 1 Excavators 1,122.0
Truck Transportation Cycle
Average one-way distance (transfer station to disposal site) km 8.0 Source: site plan
Average Truck Travel Speed 30
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.533 Calculated round-trip distance of 16 km
Estimated Unload Time hr 0.050 3 minutes
Total Cycle Time hr 0.65
Calculated Trips Per Truck per Day no. 37.0
No. 105m3 Trucks Required (long haul) no. 10.0
No. 41.5m3 Trucks Required (short haul < 1km) no. 3.0 Arbitrary no. used to maintain continuous flow at transfer station
Equipment Costs
CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 33145
Daily Rate per truck $/day $ 7,955 24 pay hours per day
Daily Rate for 10 trucks $/day 100 $ 79,547
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 3 trucks $/day 30 8 19,800
CAT 994D Front End Loader (20m® Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day 8.0 $8,000.00
Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
105m3 Off-Road Trucks day 1,2420 $ 79,547 § 98,797 424
41.5m3 Off-Road Trucks day 12420 § 19,800 $ 24,591,600
20m3 Front End Loader day 12420 $ 14400 $ 17,884,800
Haul Roads
Construction km 80 % 250,000 $ 2,000,000
Maintenance day 1,2420 $ 8,000 $ 9,936,000

tal Cost - Material Transportation

Unit cost of truck haul per m’

Printed: 3/19/2004; 1:52 PM
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$4.66
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ESTIMATED BY
MOFFATT & NICHOL ENGINEERS
PROJECT TITLE STATUS OF DESIGN
Material Disposal Alternatives Study [Conceptual
< pical Transg rious Disposal Sites
ltem M;:;:‘::; Unit U?;;ﬂ?:)s': Total
Material Transportation to A1
Train Haul to Disposal Site - Dry Source 33,500,000 m® $12.72 $426,068,880
Truck Haul to Disposal Site - Dry Source 33,500,000 m® $26.04 $872,296,451
Material Transportation to T6
Truck Haul to Disposal Site - Dry Source 90,155,000 m? $3.24 $292,476,118
Material Transportation to 77
Truck Haul to Disposal Site - Dry Source 4,500,000 m® $3.36 $15,132,984
Material Transportation to T8
Truck Haul to Disposal Site - Dry Source 5,000,000 m® $2.98 $14,908,099
Material Transportation to T9
Truck Haul to Disposal Site - Dry Source 5,900,000 m?® $3.79 $22,338,094
Material Transportation to T10
Train Haul to Disposal Site - Dry Source 87,557,333 m® $5.42 $474,601,478
Truck Haul to Disposal Site - Dry Source 87,557,333 m® $8.96 $784,143,828

Printed: 11/5/2003, 11:12 AM
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Panama - Material Disposal Alternatives Study
Backup Calculations
Project Specifications - Train Haul to A1

Item Unit Qty Price/Rate Total Comments
Railway Construction Data
Formation (Section) Length m 60000
No. main-line tracks (Standard Gauge - 1435mm) no. 2
Formation cut volume m3 14510000
Formation fill volume m3 15440000
Width at Base of Formation m 30 Estimated average base width
Ballast Depth (top of tie to formation) m 0.6
Ballast Width m 6
Spacing of ties m 0.6
Wood tie dimensions
width m 0.2
depth m 0.15
length m 26
volume m3 0.078
Annual Maintenance $lyear/km $ 40,000 Factored from 1993/94 Westrail data
Quantity Calculations
Total Track Length m 130,000 Includes 10,000m for marshalling yard
Total no. ties no. 216,667
Ballast volume m3 495,500
Ballast mass @ 1.8 t/m3 t 891,900
Construction Costs
Item Unit Qty Price/Rate Total Comments
Track Laying on Formation
Survey Ha 1200 $ 3,000.00 $ 3,600,000 200m Corridor to shoreline, guesstimate
Boreholes ea 120 § 2,400.00 $ 288,000 Assuming 20m deep @ $120 per metre ($35 per foot) - every 500m
Clearing and Stripping Ha 180 $§ 14,820.00 $ 2,667,600 Assume $6000 per Acre
Formation/Roadbed Earthworks m3 29,950,000 $ 1.10 § 32,905,431 Cut + Fill Volumes
Ballast t 891,900 § 34.00 § 30,324,600 Cut + Fill Volumes
Treated Wood Ties ea 216,667 $ 58.00 $ 12,566,667
Tie plates ea 433,334 $ 8.60 $ 3,726,672
132Ib Rail m 260,000 $ 62.34 § 16,207,349
Track spikes ea 866,667 $ 6.26 $ 5,425,333
Rail anchors ea 433,333 § 590 $ 2,556,667 Anchor pattern: 1 tie in 2
Turnout (#10) ea 15 $ 30,000.00 $ 450,000
Total Cost - Track on Formation $ 110,718,319
Unit Cost per km 851,700
Item Unit Qty Price/Rate Total Comments
Structures
Bridges ea 1 $2,000,000.00 $ 2,000,000
Culvert - crossings 45
Pipe (Class 5) ea 180 $ 23,580.58 § 4,244,504 Assume 30m long at each location using 4 x 1.8m (72") pipe
Headwall ea 90 $ 4,703.60 $ 423,324 Assume 1.8m (72") dia pipe
Rail Crossings ea 7% 1,819.00 $ 12,733 Assume 8m-wide roadway

Total Cost - Formation + Track Laying 110,718,319
Total Cost - Railway Structures 6,680,561
Total Cost - Railway Construction 117,398,880
MATERIAL TRANSPORATION

General Specifications

Item Unit Qty Price/Rate Total Comments

General Parameters

Total Material to be Hauled m3 33,500,000

Time to transport material year 25

Working Days daylyear 345

Total Working Days day 863

Calculated Target Production (total material/working days) m3/day 38,841

Working Hours per day hr 24.0
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Panama - Material Disposal Alternatives Study

Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity m3 17.0
Bucket Fill Factor no. 55%
Factored Bucket Capacity m3 9.35
Bucket Cycle Time sec 30.0
Production Rate for Excavator m3/hr 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator m3/day 26,928.00
No. E Required to maintain Target Rate no. 2.0
Hourly Loading Rate for 2 Excavators m3/hr 2,244.0
CAT 994D Front End Loader (20m’ Capacity)
Single Bucket Capacity m3 20.0
Bucket Fill Factor no. 70%
Factored Bucket Capacity m3 14
Dig/Load Cycle Time sec 45.0
Production Rate for Loader m3/hr 1120.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Loader m3/day 26,880.00
No. Loaders Required to Target Rate no. 2.0
Hourly Loading Rate for 2 Loaders m3/hr 2,240.0
CAT 775E Off-Road Truck (41.5m3 Capacity)
Design Truck Capacity m3 41.5
Truck Fill Factor no. 80%
Factored Truck Capacity m3 33
Total Truck Trips Required to Meet Target no. 1,009,036
Calculated truck trips per day no. 1,170.0
Max. load/unload time per truck * hr 0.021 Note: logistics check, indi i in order to maintain prod

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Trains
Rail Car Capacity m3 40
Rail Cars Per Train no. 50
Locos per Train no. 2 Ruling Grade @ 1.5%
Total Train Capacity m3 2,000
Train Trips Required Per Day to Meet Target no. 20 To meet target, requires 2 tracks at unloading site
Max. load/unload time per train * hritrain 1.231 Note: logistics check
* Note: If this value is less than either calculated load or unload time below, then lo: d i is d - increase time to completion
Truck Transportation Cycle
Average ol y dist; ( ion to kpile) km 1.0 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.015 0.9 minutes
Estimated Travel Time (Round Trip) hr 0.080 Calculated round-trip di of 2 km
Estimated Unload Time hr 0.017 1 minutes per truck
Total Cycle Time hr 0.1
Calculated Trips Per Truck per Day 3 i 215.3
Rail Transportation Cycle
Avg. track distance (material transfer to disposal site) km 60.0
Average Train Speed km/hr 15 factors included for train movements and delays
Time to Load Train hr 0.89
Average Travel Time (Round Trip) hr 8.00
Time to Unload Train hr 0.83 Dual-car dumpers, 2min per car per dumper
Total trip cycle time hr 9.73

No. trains loading/dumping simultaneously
Calculated Trips Per Train Per Day

Indicates no. of trains loading/unloading to meet production target

Equipment Costs

CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Hourly Rate $/hr $ 592.95
Daily Rate per Excavator $/day $ 14,231 24 pay hours
Daily Rate for 2 Excavators $/day 20 $ 28,461

CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00 confirm rate
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 6 trucks $/day 6.0 § 39,600

CAT 994D Front End Loader (20m’ Capacity)
Hourly Rate $/hr $ 600.00 confirm rate
Daily Rate per loader $/day $ 14,400 24 pay hours
Daily Rate for 2 loaders $/day 20 § 28,800

Rollingstock
Locomotive - Purchase Cost ea $ 2,200,000 Research results
Locomotive - Salvage Value (@ 20%) ea $ 440,000 Research results
Side-dump rail car - Purchase Cost ea $ 80,000 Research results
Side-dump rail car - Salvage Value (@ 20%) ea $ 16,000 Research results
Locomotive operational cost $/day/unit $ 1,500 Research results
Locomotive maintenance cost $/day/unit $ 1,000 Research results
Rail car maintenance cost $/day/unit $ 100 Research results
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Panama - Material Disposal Alternatives Study
Railway Operation and Maintenance Costs

Rollingstock
Daily Operations Cost for 16 Locos $/day 16 $ 24,000
Daily Maintenance Cost for 16 Locos $/day 16 $ 16,000
Daily Maintenance Cost for 400 Rail Cars $/day 400 § 40,000
Track
No. Mainline Tracks no. 2
Daily maintenance cost $/km/day 120 § 100.00 § 12,000
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Daily maintenance cost for 2 km of haul road $/day 2.0 $2,000.00
Conveyors
Maintenance and operation $/km $4,000.00
Daily cost for 5km of conveyor $/day ) $20,000.00

Train Loading and Transportation Costs

Item Unit Qty Price/Rate Total Comments
Rail Transportation Costs
41.5m3 Truck(s) no. 863 § 39,600 $ 34,155,000
20m3 Front End Loader no. 863 § 28,800 § 24,840,000
Conveyor/Railcar Loading System LS 1 $ 43,000,000 $ 43,000,000 Source: EDC report April 2003
Railway Equipment/Operation tonne.km 3,417,000,000 $ 0.050 $ 170,850,000 ** Cost comparison provided by 'Rollingstock Costs' below
Railway Construction LS 1§ 117,398,880 $ 117,398,880
Track Maintenance day 863 § 12,000 § 10,350,000
Railcar dumper + stacker conveyor no. 2 $ 3,000,000 $ 6,000,000
Haul Roads and Conveyor
Haul Road Construction km 20 § 250,000 $ 500,000
Haul Road Maintenance day 863 § 2,000 $ 1,725,000
Conveyor maintenance and operation day 863 § 20,000 $ 17,250,000
Total Cost - Material Transportation
Unit cost of transport per m®
**Rollingstock Costs
Item Unit Qty Price/Rate Comments
Rollingstock Purchase Costs
Locomotives no. 18 $§ 2,200,000 $ 39,600,000 Includes backup loco(s)
Rail cars no. 410 § 80,000 $ 32,800,000 Includes backup rail cars
Operating/Maintenance Costs
Operational cost of locomotives day 863 § 24,000 $ 20,700,000
Maintenance cost of locomotives day 863 § 16,000 $ 13,800,000
Maintenance cost of rail cars day 863 $ 40,000 $ 34,500,000
Salvage Value
Locomotives no. 18 § 440,000 $ (7,920,000)
Rail cars no. 410 § 16,000 $ (6,560,000)
** Total Cost - Rollingstock $126,920,000
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Panama - Material Disposal Alternatives Study
Backup Calculations
Project Specifications - Truck Haul to A1

Item Unit Qty Price/Rate Total Comments

Cells requiring user input are highlighted thus:
General Parameters

Total Material to be Hauled by Truck m3 33,500,000
Time to transport material year 39
Working Days per Year day/year 345
Total Working Days day 1,346
Calculated Target Production (total material/working days) m3/day 24,898
Working Hours per day hr 24
Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity m3 17.0
Bucket Fill Factor 55%
Factored Bucket Capacity 9.35
Bucket Cycle Time 30.0
Production Rate for 41m3 clamshell + crane 1122.0 Comparison: Harza Report, 1200m3/hr
Daily Loading Rate per Excavator 26,928.00
No. Excavators Required to maintain Target Rate 1.0
Hourly Loading Rate for 1 Excavators 1,122.0
CAT 789C Off-Road Truck (105m3 Capacity)
Truck Capacity (Max.) m3 105
Truck Capacity (Struck) m3 73
Total Truck Trips Required to Meet Target no. 458,904
Calculated truck trips per day no. 342.0
Max. load/unload time per truck * hr 0.070 Note: logistics check, indicates maximum in order to maintain production

" Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (excavation site/stockpile to disposal site km 60.0 Source: site plan
Average Truck Travel Speed 30
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 4.000 Calculated round-trip distance of 120 km
Estimated Unload Time hr 0.033 2 minutes per truck
Total Cycle Time hr 4.10
Calculated Trips Per Truck per Day no. 5.9
No. 105m3 Trucks Required (long haul) no. 59.0
- No. 41.5m3 Trucks Required (short haul < 1km) no. 12.0 Arbitrary no. used to maintain continuous flow at excavation site

Equipment Costs
CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Hourly Rate $/hr $ 592.95
Daily Rate per excavator $/day $ 14,231 24 pay hours
Daily Rate for 1 excavators $/day 1.0 § 14,231

CAT 789C Off-Road Truck (105m3 Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours
Daily Rate for 59 trucks $/day 59.0 $§ 469,328

CAT 775E Off-Road Truck (41.5m3 Capacity)

Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 12 trucks $/day 120 § 79,200
CAT 994D Front End Loader (20m3 Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $60,000.00
Truck Loading and Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
Excavators day 1,3455 § 14,231 § 19,147,451
105m3 Off-Road Trucks day 1,3455 § 469,328 $ 631,480,200
41.5m3 Off-Road Trucks day 1,3455 § 79,200 $ 106,563,600
20m3 Front End Loader day 1,3455 § 14,400 $ 19,375,200
Haul Roads
Construction km 60.0 § 250,000 $ 15,000,000
Maintenance day 1,3455 § 60,000 $ 80,730,000
Total Cost - Material Transportation $872,296,451
Unit cost of truck haul per m® $26.04
Printed: 11/5/2003; 11:12 AM 50f13 _HaulCosts-ThirdLocksVn2A1_Truck




Backup Calculations
Project Specifications - Truck Haul to T6

Panama - Material Disposal Alternatives Study

Item

Unit

Cells requiring user input are highlighted thus:

General Parameters
Total Material to be Hauled by Truck
Time to transport material
Working Days per Year
Total Working Days
Calculated Target Production (total material/working days)
Working Hours per day

Equipment Parameters
CAT 5230B Mass Excavator/Shovel (17m3 bucket)

Single Bucket Capacity

Bucket Fill Factor

Factored Bucket Capacity

Bucket Cycle Time

Production Rate for Excavator

Daily Loading Rate per Excavator
No. Ex Required to in Target Rate
Hourly Loading Rate for 2 Excavators

CAT 789 Off-Road Truck
Truck Capacity (Max.)
Truck Capacity (Struck)
Total Truck Trips Required to Meet Target
Calculated truck trips per day
Max. load/unload time per truck *

m3
year
day/year
day
m3/day
hr

m3

m3
m3
no.
no.

hr

Qty

90,155,000
7.5

345
2,588

34,843
24

17.0
55%
9.35

30.0
1122.0
26,928.00
2.0

2,244.0

105

73
1,235,000
478.0
0.050

Price/Rate

Total

Comments

Comparison: Harza Report, 1200m3/hr

Note: logistics check, indicates maximum in order to maintain production

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (excavation site/stockpile to disposal site km 3.0 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.033 2 minutes
Estimated Travel Time (Round Trip) hr 0.240 Calculated round-trip distance of 6 km
Estimated Unload Time hr 0.033 2 minutes per truck
Total Cycle Time hr 0.31
Calculated Trips Per Truck per Day no. 78.5
No. 105m3 Trucks Required (long haul) no. 7.0
No. 41.5m3 Trucks Required (short haul < 1km) no. 2.0 Arbitrary no. used to maintain continuous flow at excavation site
Equipment Costs
CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Hourly Rate $/hr $ 592.95
Daily Rate per excavator $/day $ 14,231 24 pay hours
Daily Rate for 2 excavators $/day 20 § 28,461
CAT 789C Off-Road Truck (105m’ Capacity)
Hourly Rate $/hr $ 331.45
Daily Rate per truck $/day $ 7,955 24 pay hours
Daily Rate for 7 trucks $/day 70 § 55,683
CAT 775E Off-Road Truck (41.5m’ Capacity)
Hourly Rate $/hr $ 275.00
Daily Rate per truck $/day $ 6,600 24 pay hours
Daily Rate for 2 trucks $/day 20 § 13,200
CAT 994D Front End Loader (20m’ Capacity)
Hourly Rate $/hr $ 600.00
Daily Rate per loader $/day $ 14,400 24 pay hours
Haul Roads
Construction Cost per km $/km $250,000.00
Maintenance Cost per km per day $/km/day $1,000.00
Maintenance Cost per day $/day $3,000.00
Truck Loading and Transportation Costs
Item Unit Qty Price/Rate Total Comments
Equipment
Excavators day 2,587.5 § 28,461 § 73,644,042
105m3 Off-Road Trucks day 2,587.5 § 55,683 $ 144,079,576
41.5m3 Off-Road Trucks day 2,587.5 § 13,200 $ 34,155,000
20m3 Front End Loader day 2,587.5 § 14,400 §$ 37,260,000
Haul Roads
Construction km 30 $ 250,000 $ 750,000
Maintenance day 2,587.5 § 1,000 § 2,587,500

Total Cost - Material Transportation
Unit cost of truck haul per m’

Printed: 11/5/2003; 11:12 AM
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Panama - Material Disposal Alternatives Study

Backup Calculations

Project Specifications - Truck Haul to T7

| Item

Cells requiring user input are highlighted thus:

General Parameters

Total Material to be Hauled by Truck

Time to transport material

Working Days per Year

Total Working Days

Calculated Target Production (total material/working days)

Working Hours per day

Equipment Parameters

CAT 5230B Mass Excavator/Shovel (17m3 bucket)
Single Bucket Capacity
Bucket Fill Factor
Factored Bucket Capacity
Bucket Cycle Time
Production Rate for Excavator
Daily Loading Rate per Excavator

| No. Excavators Required to maintain Target Rate

Hourly Loading Rate for 1 Excavators

CAT 789 Off-Road Truck
Truck Capacity (Max.)
Truck Capacity (Struck)
Total Truck Trips Required to Meet Target
Calculated truck trips per day
Max. load/unload time per truck *

Unit

m3
year
day/year
day
m3/day
hr

m3

m3
m3
no.
no.

hr

Qty

4,500,000

0.5
345
173

26,087

1
26,9

24

17.0
55%
9.35

30.0

122.0
28.00
1.0

1,122.0

6

1056

73
1,644
358.0
0.067

Price/Rate

Total Comments

Comparison: Harza Report, 1200m3/hr

Note: logistics check, indicates maximum in order to maintain production

* Note: If this value is less than either calculated load or unload time below, then load/unload maximum is exceeded - increase time to completion

Truck Transportation Cycle

Average one-way distance (excavation site/stockpile to disposal site km 2 Source: site plan
Average Truck Travel Speed 25
Estimated Load Time hr 0.065 3.9 minutes
Estimated Travel Time (Round Trip) hr 0.200 Calculated round-trip distance of 5 km
Estimated Unload Time hr 0.033 2 minutes per truck
Total Cycle Time hr 0.30
Calculated Trips Per Truck per Day no. 80.4
No. 105m3 Trucks Required (long haul) no. 5.0
No. 41.5m3 Trucks Required (short haul < 1km) no. 2.0 Arbitrary no. used to maintain continuous flow at excavation site<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>