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Industrial and Systems Engineering 

(ABSTRACT) 

An economic evaluation of nuclear waste underground storage facility is presented. The underground 

storage facility is a subsystem of the Civilian Radioactive Waste Management System (CRWMS) currently 

under development in the United States. The evaluation considers two nuclear waste emplacement concepts 

for the underground facility: Vertical Borehole Emplacement and In-Drift Emplacement. Since the two 

concepts are of unequal lives, several cases were established in order to perform an economic comparison. 

A discussion of the underground facility life-cycle is provided. A detailed description of the assumptions 

and methodology used for cost estimating, and an analysis of the results is also provided. A complete set 

of calculations for each case is given in the appendix.
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CHAPTER 1 

DESCRIPTION OF THE UNDERGROUND WASTE EMPLACEMENT CONCEPTS 

This report provides an economic evaluation of miclear waste underground storage facility 

which is a subsystem of the Civilian Radioactive Waste Management System (CRWMSS) currently under 

development in the United States. The CRWMS consists of two major subsystems: transportation and 

geologic repository systems. The geologic repository system is further broken down into surface and 

underground facilities which are connected by shafts and ramps. The objective of this study is to focus 

on the underground facility portion of the geologic repository. Two design concepts for the 

underground facility are evaluated and compared based on economic feasibility. 

The following sections provide a background of how the nuclear waste management 

system evolved, and a description of the baseline and alternative nuclear repository underground facility 

waste emplacement design configurations. 

1.1 Background 

Commercial nuclear power plants generate roughly 20% of the nation's electricity. 

Most of these plants use nuclear materials in the form of uranium fuel pellets encased in metal fuel 

rods. After the energy has been released from the fuel rods, they remain as a solid, highly radioactive 

waste called "spent fuel." These rods are then removed from the reactor and stored under water in a 

special spent-fuel pool at the reactor site. The spent fuel will remain radioactive for thousands of 

years, and, while it is safely stored now, it must be isolated from the human environment.



There are two types of muclear waste: the spent fuel generated by commercial 

reactors and the high-level waste mostly generated in defense activities. A large quantity of spent fuel 

has accumulated at the reactor sites, approximately 20,000 metric tons of uranium. This amount is 

expected to double by the year 2,000. It is estimated that by the time the last license for the current 

generation of nuclear reactors expires, the amount of spent fuel would have increased to approximately 

86,000 metric tons of uranium. The high-level waste generated by defense activities is estimated to be 

approximately 8,900 metric tons of uranium. 

It is necessary to have a system for the permanent disposal of these wastes. 

Permanent disposal is important to protecting public health and safety and the environment. Congress 

assigned responsibility for providing permanent disposal of nuclear waste to the U.S. Department of 

Energy in the Nuclear Waste Policy Act of 1982. The Act created the Office of Civilian Radioactive 

Waste Management (OCRWM) for that purpose and authorized the development of a nuclear waste 

management system. In 1987, the Nuclear Waste Policy Amendments Act streamlined and focused the 

program by specifying one site, Yucca Mountain in Nevada. This site is to be scientifically evaluated 

as a candidate site for a nuclear waste geologic repository. 

The waste management system consists of three major components: a geologic 

repository, an interim storage system, and a system for transporting the waste. Figure 1-1 depicts the 

waste management system concept.
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Figure 1-1 - Waste Management System Concept 

1.2 —_ Description of the Geologic Repository 

The repository will be made up of three major components, each providing barriers 

for waste isolation. The three components are: the natural system or host rock in which the repository 

will be constructed; the repository, which consists of various underground structures where the waste 

will be emplaced and; the waste package, which consists of the waste form, the disposal container, and 

any other materials designed to separate the waste form from the host rock. 

The repository consists of surface, underground facilities, and shafts and ramps which 

connect the surface and underground facilities. ‘The purpose of the surface facilities would be to 

receive the waste and to prepare it for permanent disposal. A waste-handling building equipped for 

receiving and inspecting waste and transferring it underground would also be part of the surface 
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facilities. Additionally, the surface facilities would also provide various support functions, such as 

utilities, ventilation, and administration. 

The underground facilities would be constructed at a depth of about 1,000 feet below 

the surface. The underground facilities consist of main horizontal passageways or drifts, excavated 

parallel to one another. Each of these drifts would serve a number of waste emplacement panels, 

which would consist of a number of rooms in which the waste would be emplaced. 

The waste emplaced in the repository must be retrievable for a certain period of time. 

During this period, tests will be conducted to ensure that the repository is performing as expected. 

When these tests are completed and a closure license is obtained from the proper authorities, the 

repository will be prepared for permanent closure. Permanent closure will be achieved by sealing the 

shafts and ramps, decontaminating and decommissioning the surface facilities, and returning the surface 

above the repository to its natural state. Permanent site markers will be installed to warn future 

generations of the presence of a repository. 

1.3 Underground Facilities 

Once the waste is received at the surface facilities it would be unloaded from the 

transportation cask and loaded into a transporter to be taken to the underground facility. The 

underground facilities consist of the main drifts, perimeter drifts, entries, waste emplacement panels 

and drifts, and service facilities (SANDIA, 1987) [Reference 2].



The following components will make up the underground facilities (SANDIA, 1987) 

[Reference 2]: 

emplacement areas for the spent fuel; 

service areas and facilities for the devopment activities; 

service areas and facilities for the waste emplacement activities; 

training area in the waste emplacement area for waste emplacement 

personnel; 

dedicated performance confirmation area; 

main entries for all development and waste emplacement functions; and 

an underground worker training area for construction and mining personnel. 

The layout of the underground facility shall allow for new emplacement area 

construction and waste emplacement operations to occur simultaneously. Additionally, the design shall 

permit retrieval of the waste in accordance with the performance objectives set forth by federal — 

regulations. Any or all of the emplaced waste may be required to be retrieved on a reasonable 

schedule starting at any time up to 100 years after waste emplacement operations are initiated. The 

conceptual design for the underground facility layout is shown in Figure 1-2. 

The repository underground facility emplacement design configurations to be evaluated 

are: vertical borehole emplacement (baseline design), and the in-drift emplacement (alternative design). 

A description of the two emplacement configurations is given below.
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Figure 1-2 - Conceptual Design Underground Facility Layout



1.3.1 The Vertical Boreholes Emplacement Concept (Baseline design) 

The emplacement panel in the vertical configuration consists of a series of equally 

spaced emplacement drifts or rooms. Vertical holes will be bored into the floor of these rooms into 

which the waste packages will be inserted. Figure 1-3 depicts the vertical borehole emplacement design 

concept. 

Emplacement boreholes are prepared well in advance of the disposal operations as part 

of the requirement to isolate waste disposal from the subsurface development operations and ventilation 

streams. Vertical boreholes are prepared by first drilling large diameter holes on the vertical centerline 

of the emplacement drifts to the design depth, sufficient to accept the waste package and a closure plug. 

The upper half of the borehole then receives a steel liner attached to a support plate. To the collar end 

of the liner, a shielding closure is installed to provide a means for isolating the waste package during 

the emplacement operations. 
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Figure 1-3 - Vertical Borehole Emplacement Concept 
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The basic operations required to emplace a waste package include (SANDIA, 1986) [Reference 3]: 

preparing the waste emplacement borehole; 

loading the waste package into a transporter cask at the surface facility; 

moving the loaded transporter underground through an access ramp to the 

vertical borehole; 

lowering the waste package through a temporary shielding mechanism into 

the borehole; 

installing a shielding device above the emplaced waste package; 

removing the temporary shielding mechanism; and 

installing a cover on the borehole. 

During retrieval operations, the above steps will be performed in reverse. The emplacement operations 

described above are illustrated in Figure 1-4. 

1.3.2 The In Drift Emplacement Concept (Alternative design) 

The emplacement panel in this configuration is the same as in the baseline concept. 

Waste packages will be emplaced in the open inside the emplacement drifts. No special boreholes 

would be constructed to isolate individual waste packages from the travelway inside the emplacement 

drift. In this concept, large multi-barrier (Multi-Purpose Canisters) waste packages with high heat 

outputs would be placed lengthwise along the centerline of the emplacement drift. Figure 1-5 depicts 

the in-drift emplacement design concept.
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Figure 1-4 - Vertical Borehole Emplacement Operations 
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To accomodate the MPC waste package disposal, the underground operations would 

be as follows (TRW, 1993) [Reference 6]: 

fully prepared waste packages will be moved to a surface transfer vault to 

wait for the underground transporter; 

The transporter will descend the waste haulage ramp to the waste 

emplacement drift. The transporter will be under the control of the on-board 

operator assisted by position, alignment, and speed sensors. 

The drifts will be in radiation controlled areas since the waste emplacement 

rooms will contain packages emitting radiation beyond minimum limits. 

Access to the drifts will be tightly controlled by radiation locks and the 

transporter will become remotely controlled once it goes beyond the radiation 

locks. 

The waste transporter will be positioned under precise controls at the 

emplacement machine. The MPC waste package will be transferred and the 

transporter released. 

The transporter will pass through the radiation lock and be driven by the 

operator to the surface to begin another cycle. 

The emplacement machine carrying the MPC waste package will move to the 
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specified disposal site under automated control. It will place the the waste 

package in position with the aid of sensing devises. After off loading, the 

emplacement machine will move back to the transfer area. 

During retrieval operations, the above steps will be performed in reverse. 
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Figure 1-5 - in-Drift Emplacement Concept 

The organization of this report is as follows: Chapter 1 describes, in detail, the two nuclear 

waste emplacement concepts being evaluated. Chapter 2 focuses on describing the underground facility 

of the miclear waste repository as a systems engineering concept. Chapter 3 explains the approach and 
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methodology used in evaluating and comparing the two nuclear waste emplacement concepts. It also 

describes the cost model used (URCOST), and cites the data sources. Chapter 4 presents the results 

obtained from URCOST and the analysis of the data. In Chapter 5, conclusions about the analysis are 

made. 
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CHAPTER 2 

UNDERGROUND NUCLEAR WASTE EMPLACEMENT CONCEPTS AS SYSTEMS 

ENGINEERING MODELS 

A systems engineering approach was used in developing and evaluating underground waste 

emplacement concepts for the nuclear waste disposal system. The underground facility of the nuclear 

waste repository is a sub-system of the Civilian Radioactive Waste Management System (CRWMS). 

Two underground waste emplacement concepts, namely the Vertical Borehole and In-Drift, are being 

evaluated to determine their feasibility for implementation into the CRWMS. 

The approach began by performing functional analyses and identifying the overall systems 

requirements. Based on these requirements, an overall CRWMS concept was developed for disposal of 

muclear waste in a geologic repository. The geologic repository concept yielded the need for a waste 

emplacement concept. Operating concepts and requirements were then defined and allocated to each 

system element to ensure proper integration with the overall CRWMS concept. Using these operating 

concepts and requirements, conceptual designs were developed for the underground emplacement sub- 

system. Systems studies and analyses are then performed to determine the impact of the underground 

facility configuration on the overall CRWMS. These studies provide a complete analysis of the effect 

of implementing the underground facility configuration, and are the basis for decision making. 

An implied objective of this report is to define the scope of the underground facility 

emplacement concepts as related to the systems engineering process (Blanchard and Fabrycky, 1990) 

[Reference 1]. The emplacement concept/systems engineering process relationship is detailed in the 

following paragraphs. 
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2.0 Definition of Need 

Most nuclear power plants use nuclear materials in the form of urantum pellets encased in 

metal fuel rods to generate electricity. After the energy has been released from the fuel rods, they 

remain as a solid, highly radioactive waste called "spent fuel." These rods are then removed from the 

reactor and stored under water in special spent fuel pools at the reactor site. The spent fuel remains 

radioactive for thousands of years, and , while it is safely stored now, it must be isolated from the 

human environment. It is, therefore, necessary to have a system for the permanent disposal of nuclear 

wastes. Permanent disposal is important for protecting public health and safety and the environment. 

2.1 Definition of Systems Requirements 

Systems requirements were defined by U.S. Department of Energy (USDOE). The repository 

will be made up of three major components, each providing barriers for waste isolation. The three 

components are: the natural system or host rock in which the repository will be constructed; the 

repository, which consists of various underground structures where the waste will be emplaced and; the 

waste package, which consists of the waste form, the disposal container, and any other materials 

designed to separate the waste form from the host rock. 

The repository consists of surface, underground facilities, and shafts and ramps which connect 

the surface and underground facilities. The purpose of the surface facilities would be to receive the 

waste and to prepare it for permanent disposal. A waste-handling building equipped for receiving and 

inspecting waste and transferring it underground would also be part of the surface facilities. 

Additionally, the surface facilities would provide various support functions, such as utilities, ventilation, 
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The underground facilities would be constructed at a depth of about 1,000 feet below the 

surface. The underground facilities consist of main horizontal passageways or drifts, excavated parallel 

to one another. Each of these drifts would serve a number of waste emplacement panels, which would 

consist of a number of rooms in which the waste would be emplaced. These rooms will house 

approxinutely 86,000 metric tons of uranium generated by commercial reactors and 8,900 metric tons 

of uranium generated by defense activities. 

The waste emplaced in the repository must be retrievable for a certain period of time. During 

this period, tests will be conducted to ensure that the repository is performing as expected. When these 

tests are completed and a closure license is obtained from the proper authorities, the repository will be 

prepared for permanent closure. Permanent closure will be achieved by sealing the shafts and ramps, 

decontaminating and decommissioning the surface facilities, and returning the surface above the 

repository to its natural state. Permanent site markers will be installed to warn future generations of 

the presence of a repository. 

2.2 System Design and Development 

The system design consists of four design phases: conceptual design, advanced conceptual 

design, license application design, and procurement and construction design. The conceptual design of 

the underground facility is described below. 

Once the waste is received at the surface facilities it would be unloaded from the transportation 

cask and loaded into a transporter to be taken to the underground facility. The underground facilities 

consist of the main drifts, perimeter drifts, entries, waste emplacement panels and drifts, and service 

facilities (SANDIA, 1987) [Reference 2]. 

15



The layout of the underground facility shall allow for new emplacement area construction and 

waste emplacement operations to occur simultaneously. Additionally, the design shall permit retrieval 

of the waste in accordance with the performance objectives set forth by federal regulations. Any or all 

of the emplaced waste may be required to be retrieved on a reasonable schedule starting at any time up 

to 100 years after waste emplacement operations are initiated. 

Currently, there are two underground facility emplacement designs under evaluation. These 

designs are: vertical borehole emplacement (baseline design), and the in-drift emplacement (alternative 

design). 

The objective in the advanced conceptual design phase is to develop appropriate solutions to 

the design-related licensing issues identified through consultation with the Nuclear Regulatory 

Commission (NRC). 

Resolution of design and licensing issues identified in earlier phases should be completed in the 

licensing application phase. This phase is also intended to develop the design of the items necessary to 

demonstrate compliance with the design requirements and performance objectives set forth by federal 

regulations. 

The procurement and construction design phase is intended to develop the final drawings and 

specifications for procurement and construction. Emphasis on the completion of design of 

supplementary support items, final design refinement for the items necessary to demonstrate compliance 

with the design criteria and performance objectives set forth by federal regulations will take place 
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2.3 Production and/or Construction 

As mentioned above, the underground facilities would be constructed at a depth of about 1,000 

feet below the surface. The underground facilities consist of main horizontal passageways or drifts, 

excavated parallel to one another. Each of these drifts would serve a number of waste emplacement 

panels, which would consist of a number of rooms in which the waste would be emplaced. 

For the Vertical Borehole Emplacement concept, vertical holes would be bored into the floor 

of the emplacement rooms or drifts and the waste would be inserted in them. Emplacement boreholes 

are prepared well in advance of disposal operations as part of the requirement to isolate waste disposal 

from the subsurface development operations and ventilation streams. Vertical boreholes are prepared 

by first drilling large diameter holes on the vertical centerline of the emplacement drifts to a design 

depth of 7.6 meters, sufficient to accept the waste package and a closure plug. The upper half of the 

borehole then receives a steel liner attached to a support plate. To the collar end of the liner, a 

shielding closure is installed to provide a means for isolating the waste package during the emplacement 

Operations. 

The In-Drift Emplacement concepts requires no special boreholes to be constructed to isolate 

individual waste packages from the travelway inside the emplacement drift. In this concept, large 

multi-barrier (Multi-Purpose Canisters, MPCs) waste packages with high heat outputs would be placed 

lengthwise along the centerline of the emplacement drift. A more detailed description of these concepts 

was presented in Chapter 1. 
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2.4 System Use and Sustaining Support 

The basic operations required by both emplacement concepts are very similar. Once the waste 

is packaged properly and is ready to be disposed, it will be loaded into a transporter cask at the surface 

facility and transferred to the underground emplacement area. 

In the vertical borehole concept, the waste package will be lowered into the borehole. 

Additional shielding will be provided by installing a shielding device directly above the waste package 

and then covering the borehole. In the in-drift concept, the waste package will be placed right along 

the centerline of the emplacement drift. Additional shielding will not be necessary since the MPC 

provides sufficient isolation of the waste. 

The waste emplaced in the repository must be retrievable for a certain period of time. During 

this period, tests will be conducted to ensure that the repository is performing as expected. When these 

tests are completed and a closure license is obtained from the proper authorities, the repository will be 

prepared for permanent closure. Permanent closure will be achieved by sealing the shafts and ramps, 

decontaminating and decommissioning the surface facilities, and returning the surface above the 

repository to its natural state. Permanent site markers will be installed to warn future generations of 

the presence of a repository. Figure 2-1 depicts the system life-cycle of the underground sub-system 

(Blanchard and Fabrycky, 1990) [Reference 1]. 

This report will provide an evaluation of the two nuclear waste emplacement concepts based on 

economic feasibility. Further, a comparison of the two unequal lives concepts will be performed. The 

approach used in this comparison is defined in Chapter 3. 
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CHAPTER 3 

CRITERIA AND METHODOLOGY 

This chapter explains the criteria and methodology used in calculating costs for the repository 

underground facility. As mentioned in Chapters 1 and 2, the repository consists of surface and 

underground facilities, and shafts and ramps. This report is limited to evaluating and comparing costs 

for the underground facilities based on waste emplacement configuration: Vertical boreholes vs. In- 

drift. 

3.0 Data Sourves 

The underground facility for the geologic repository is primarily based on information 

contained in case 4 of the MRS (Monitored Retrievable Storage) System Study (SANDIA, 1990) 

[Reference 3], with additional design and tumne! boring machine excavation data taken from Option 30 

of the ESF (Exploratory Studies Facility) Altemative Study: Final Report (SANDIA, 1991) [Reference 

5] prepared by the project site. These studies were conducted by the Department of Energy (DOE). 

3.1 Criteria for Evaluation of Design Concepts 

Analyses performed previously by various parties defined a set of criteria used in evaluating 

life-cycle costs for the repository system. A subset of these criteria was determined necessary for the 

purposes of this report. The following criteria will be used in calculating costs for the repository 

underground facility design concepts: 
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Number of disposal containers 

Size of boreholes 

Areal Power Density (APD) 

Retrievability period 

The number of disposal containers to be emplaced depends on the quantity of spent fuel 

received at the repository. For this study, the quantity of spent fuel received at the repository will be 

based on the no-new-orders projection. The no-new-orders projection represents nuclear power plants 

that are currently operating or are under active construction. The quantity of spent fuel discharged in 

the no-new-orders projection is 86,050 metric tons of heavy metal (MTHM). 

The size of the boreholes applies only to the Vertical Borehole emplacement concept. There 

are no boreholes excavated in the In-Drift emplacement concept, since disposal containers are placed 

along side the emplacement drift/room. 

Areal power density (APD) refers to the maximum power density allowed per acre (Kilowatts 

per acre, Kw/acre) and it depends on the heat output of the wastes in the repository. For this study, a 

maximum average annual APD of 57 Kw/acre will be used for both design concepts. 

Thermal/mechanical analyses have determined that an APD of 57 Kw/acre results in an acceptable 

response of the host rock to the effects of the thermal load due to the wastes emplaced underground. 

The distance between disposal containers is based on the cumulative long-term heat output of 

the wastes in the repository. The distance may be varied periodically to take into account the decrease 
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in age and increase in burnup that will occur as the initial inventory of spent fuel is depleted. This 

distance will determine the number of disposal containers that can be emplaced in each disposal drift. 

The retrievability period refers to the time in which tests are to be conducted to ensure that the 

repository is performing as expected. During this period wastes may be required to be retrieved on a 

reasonable schedule starting at any time (up to 50 years in the baseline concept and 100 years in the 

alternative concept) after waste emplacement operations are initiated. 

The attributes for each concept are shown in Table 3-1. 

3.3 Methodology 

A computer model is used in the calculation repository underground costs (URCOST). 

URCOST is a LOTUS 1-2-3™ spreadsheet which resides on an IBM personal computer. The 

underground repository cost (URCOST) spreadsheet is used to calculate the underground development, 

Operating, and closure costs which occur at the repository horizon. 

The URCOST model uses annual waste package logistics and corresponding heat ratios, burnup, 

average spent fuel age, and average metric tons of heavy metal (MTHM) per assembly to calculate 

costs for the the following activities on an annual basis: total excavation requirements, general 

maintenance and underground service system activities, construction, and staffing requirements for 

underground operations.
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�E�x�c�a�v�a�t�i�o�n� �-� �T�h�e� �e�x�c�a�v�a�t�i�o�n� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �o�f� �a�l�l� �c�o�m�m�o�n� �a�n�d� �e�m�p�l�a�c�e�m�e�n�t� 

�E�x�c�a�v�a�t�e�d� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �-� �T�h�e� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �f�o�r� 

�h�a�n�d�l�i�n�g� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �a�n�d� �b�a�c�k�f�i�l�l�.� 

�G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� �-� �T�h�e� �g�e�n�e�r�a�l� �m�a�i�n�t�e�n�a�n�c�e� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�f� 

�u�n�d�e�r�g�r�o�u�n�d� �s�p�a�c�e� �t�o� �i�n�c�l�u�d�e� �r�o�a�d� �g�r�a�d�i�n�g�,� �t�r�a�s�h� �r�e�m�o�v�a�l�,� �u�t�i�l�i�t�y� �r�e�p�a�i�r�,� �a�n�d� �u�p�k�e�e�p� �o�f� �s�p�e�c�i�a�l� 

�f�a�c�i�l�i�t�i�e�s�.



�B�o�r�e�h�o�l�e� �D�e�v�e�l�o�p�m�e�n�t� �-� �T�h�e� �b�o�r�e�h�o�l�e� �d�e�v�e�l�o�p�m�e�n�t� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �c�o�s�t�s� �f�o�r� �e�x�c�a�v�a�t�i�o�n� �a�n�d� 

�p�r�e�p�a�r�a�t�i�o�n� �o�f� �e�m�p�l�a�c�e�m�e�n�t� �b�o�r�e�h�o�l�e�s�.� 

�E�m�p�l�a�c�e�m�e�n�t� �-� �T�h�e� �e�m�p�l�a�c�e�m�e�n�t� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �c�o�s�t�s� �f�o�r� �u�n�d�e�r�g�r�o�u�n�d� �t�r�a�n�s�p�o�r�t� �o�f� �w�a�s�t�e�,� 

�e�m�p�l�a�c�e�m�e�n�t� �o�f� �w�a�s�t�e�,� �a�n�d� �b�o�r�e�h�o�l�e� �c�l�o�s�u�r�e�.� 

�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� �S�y�s�t�e�m�s� �-� �T�h�e� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� �s�y�s�t�e�m�s� �c�a�t�e�g�o�r�i�e�s� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� 

�o�f� �s�u�p�p�o�r�t� �s�y�s�t�e�m�s� �f�a�c�i�l�i�t�i�e�s�,� �u�t�i�l�i�t�i�e�s�,� �a�n�d� �m�o�n�i�t�o�r�i�n�g�.� 

�3�.�3�.�2�.�2� �P�h�a�s�e�s� 

�C�o�n�s�t�r�u�c�t�i�o�n� �P�h�a�s�e� �-� �T�h�i�s� �p�h�a�s�e� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �f�o�r� �e�x�c�a�v�a�t�i�o�n� �a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� 

�u�n�d�e�r�g�r�o�u�n�d� �s�u�p�p�o�r�t� �a�r�e�a�s� �a�n�d� �e�x�c�a�v�a�t�i�o�n� �f�o�r� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t�.� 

�E�m�p�l�a�c�e�m�e�n�t� �P�h�a�s�e� �-� �T�h�i�s� �p�h�a�s�e� �i�n�c�l�u�d�e�s� �c�o�s�t�s� �t�o� �c�o�v�e�r� �a�l�l� �s�t�a�f�f�i�n�g�,� �m�a�i�n�t�e�n�a�n�c�e�,� �s�u�p�p�l�i�e�s�,� 

�a�n�d� �u�t�i�l�i�t�i�e�s� �d�u�r�i�n�g� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t�.� 

�C�a�r�e�t�c�k�e�r� �P�h�a�s�e� �-� �T�h�i�s� �p�h�a�s�e� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �t�o� �c�o�v�e�r� �a�l�l� �s�t�a�f�f�i�n�g�,� �m�a�i�n�t�e�n�a�n�c�e�,� �s�u�p�p�l�i�e�s�,� 

�a�n�d� �u�t�i�l�i�t�i�e�s� �u�s�e�d� �d�u�r�i�n�g� �t�h�e� �c�a�r�e�t�a�k�e�r� �p�h�a�s�e�.� �D�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �w�i�l�l� �b�e� 

�m�o�n�i�t�o�r�e�d� �a�n�d� �m�a�i�n�t�a�i�n�e�d� �a�t� �a� �l�e�v�e�l� �a�d�e�q�u�a�t�e� �t�o� �r�e�t�r�i�e�v�e� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�,� �s�h�o�u�l�d� �i�t� �b�e� �n�e�c�e�s�s�a�r�y�.� �T�h�e� 

�d�u�r�a�t�i�o�n�s� �o�f� �t�h�e� �c�a�r�e�t�a�k�e�r� �p�h�a�s�e� �a�r�e� �5�0� �y�e�a�r�s� �a�n�d� �1�0�0� �y�e�a�r�s� �f�o�r� �t�h�e� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �a�n�d� �t�h�e� �I�n�-�D�r�i�f�t� 

�e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�l�o�s�u�r�e� �a�n�d� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �P�h�a�s�e� �-� �T�h�i�s� �i�s� �t�h�e� �f�i�n�a�l� �p�h�a�s�e� �o�f� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y�.� �I�t� 

�i�n�c�l�u�d�e�s� �c�o�s�t�s� �f�o�r� �b�a�c�k�f�i�l�l�i�n�g� �a�n�d� �p�e�r�m�a�n�e�n�t�l�y� �s�e�a�l�i�n�g� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �o�f� �t�h�e� �r�e�p�o�s�i�t�o�r�y�.� 

�2�7



�C�l�o�s�u�r�e� �a�n�d� �d�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �a�c�t�i�v�i�t�i�e�s� �b�e�g�i�n� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� �f�i�n�a�l� �y�e�a�r� �o�f� �t�h�e� �c�a�r�e�t�a�k�e�r� �p�h�a�s�e� 

�w�h�e�n� �t�h�e� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �i�s� �o�v�e�r�.� �T�h�e� �f�o�u�r� �p�h�a�s�e�s� �a�n�d� �t�h�e�i�r� �d�u�r�a�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�-�2�.� 

�T�a�b�l�e� �3�-�2� �P�h�a�s�e�s� �o�f� �t�h�e� �U�n�d�e�r�g�r�o�u�n�d� �F�a�c�i�l�i�t�i�e�s� 
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� � 

� � 

� � 

� � 

�P�h�a�s�e� �D�u�r�a�t�i�o�n� 

�V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �I�n� �D�r�i�f�t� 

�E�m�p�l�a�c�e�m�e�n�t� �E�m�p�l�a�c�e�m�e�n�t� 

�C�o�n�c�e�p�t� �C�o�n�c�e�p�t� 

�C�o�n�s�t�r�u�c�t�i�o�n� �P�h�a�s�e� �1�9�9�7�-�2�0�0�9� �1�9�9�7�-�2�0�0�9� 

�E�m�p�l�a�c�e�m�e�n�t� �P�h�a�s�e� �2�0�1�0�-�2�0�4�5� �2�0�1�0�-�2�0�4�5� 

�C�a�r�e�t�a�k�e�r� �P�h�a�s�e� �2�0�4�6�-�2�0�5�9� �2�0�4�6�-�2�1�0�9� 

�C�l�o�s�u�r�e� �a�n�d� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �P�h�a�s�e� �2�0�6�0�-�2�0�7�0� �2�1�1�0�-�2�1�2�0� � � � � � � � � � � 

�3�.�3�.�2�.�3� �I�n�p�u�t� �D�a�t�a� 

�I�n�p�u�t� �d�a�t�a� �f�o�r� �t�h�e� �U�R�C�O�S�T� �m�o�d�e�l� �i�n�c�l�u�d�e�s� �b�o�t�h� �d�e�s�i�g�n� �a�n�d� �c�o�s�t� �d�a�t�a� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� 

�u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �c�o�s�t�s�.� �D�e�s�i�g�n� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �p�r�o�v�i�d�e�d� �o�n� �T�a�b�l�e� �3�-�3�.� �U�n�i�t� �c�o�s�t� �d�a�t�a� �b�y� �p�h�a�s�e� �i�s� 

�p�r�o�v�i�d�e�d� �o�n� �T�a�b�l�e� �3�-�4�.� �A�s� �p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�,� �d�e�s�i�g�n� �a�n�d� �u�n�i�t� �c�o�s�t� �d�a�t�a� �w�e�r�e� �t�a�k�e�n� �d�i�r�e�c�t�l�y� �f�r�o�m� 

�c�o�s�t� �e�s�t�i�m�a�t�e�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �p�r�o�j�e�c�t� �s�i�t�e�.� �U�R�C�O�S�T� �o�u�t�p�u�t� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.



�T�a�b�l�e� �3�-�3� �D�e�s�i�g�n� �I�n�p�u�t� �D�a�t�a�?� 
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� � 

� � 

� � 

� � � � � � � � � � 

�D�e�s�i�g�n� �I�n�p�u�t� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �I�n�-�D�r�i�f�t� �E�m�p�l�a�c�e�m�e�n�t� 
�E�n�p�l�a�c�e�m�e�n�t� �C�o�n�c�e�p�t� �C�o�n�c�e�p�t� 

�M�i�n�e�d� �R�o�c�k� �Q�u�a�n�t�i�t�i�e�s� 

�C�o�m�m�o�n� �A�r�e�a�s� �3�0�0� �3�0�0� 
�(�t�h�o�u�s�a�n�d� �t�o�n�s�)� 

�E�m�p�l�a�c�e�m�e�n�t� �A�r�e�a�s� �6�1�0� �2�,�7�2�1� 
�(�t�o�n�s�/�p�a�c�k�a�g�e�)� 

�P�r�o�d�u�c�t�i�v�i�t�y� 

�E�x�c�a�v�a�t�i�o�n� �3�,�5�0�0� �3�,�5�0�0� 
�(�t�o�n�s�/�m�a�r�-�y�e�a�r�)� 

�B�o�r�e�h�o�l�e� �D�e�v�e�l�o�p�m�e�n�t� �3�0� �N�A� 
�(�2�5�'�d�e�e�p�,� �3�1�"� �d�i�a�m�e�t�e�r�)� 

�(�h�o�l�e�s�/�m�a�n�-�y�e�a�r�)� 
�1�2�5� �1�2�5�*� 

�(�p�a�c�k�a�g�e�s�/�m�a�n�-�y�e�a�r�)� 
�B�a�c�k�f�i�l�l� �3�7�,�0�4�0� �3�7�,�0�4�0� 

�(�t�o�n�s�/�m�a�r�+�y�e�a�r�)� 

�B�a�c�k�f�i�l�l� 

�C�o�m�p�a�c�t�i�o�n� �F�a�c�t�o�r� �0�.�7�6� �0�.�7�6� 

�F�i�x�e�d� �S�t�a�f�f� 

�G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� �2�1� �2�1� 
�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� �S�y�s�t�e�m� �2�3�9� �2�3�9� 
� � 

� � 

�3� �S�A�N�D�I�A�,� �1�9�9�0� �[�R�e�f�e�r�e�n�c�e� �3�]�.� 

�4� �D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �d�a�t�a� �f�o�r� �t�h�e� �A�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�,� �i�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �p�r�o�d�u�c�t�i�v�i�t�y� 

� � 
�(�p�a�c�k�a�g�e�s�/�m�a�n�-�y�e�a�r�)� �i�s� �t�h�e� �s�a�m�e� �a�s� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �c�o�n�c�e�p�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �f�o�r� �t�h�e� �A�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� �a�r�e� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� 

�w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �u�s�e�d� �i�n� �t�h�e� �B�a�s�e�l�i�n�e� �c�o�n�c�e�p�t�,� �t�h�e�s�e� �c�o�n�t�a�i�n�e�r�s� �a�r�e� �p�l�a�c�e�d� �a�l�o�n�g� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�,� �r�a�t�h�e�r� �t�h�a�n� �i�n� �a� �b�o�r�e�h�o�l�e� 
�a�n�d� �t�h�u�s� �d�o� �n�o�t� �r�e�q�u�i�r�e� �a�d�d�i�t�i�o�n�a�l� �p�r�e�c�i�s�i�o�n� �h�a�n�d�l�i�n�g�.� 
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�3�.�3�.�2�.�4� �C�a�l�c�u�l�a�t�i�o�n�s� 

�T�h�e� �U�R�C�O�S�T� �s�p�r�e�a�d�s�h�e�e�t� �f�o�l�l�o�w�s� �a� �c�a�l�c�u�l�a�t�i�o�n� �s�e�q�u�e�n�c�e� �t�o� �a�r�r�i�v�e� �a�t� �c�o�s�t�s� �o�n� �a�n� �a�n�n�u�a�l� �b�a�s�i�s�.� 

�T�h�e�s�e� �c�o�s�t�s� �a�r�e� �t�h�e�n� �s�u�m�m�e�d� �t�o� �p�r�o�v�i�d�e� �t�o�t�a�l� �u�n�d�e�r�g�r�o�u�n�d� �r�e�p�o�s�i�t�o�r�y� �c�o�s�t�s�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �c�o�n�s�i�s�t�s� �o�f� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�e�p�s� �(�a�n� �e�x�a�m�p�l�e� �o�f� �e�a�c�h� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �p�r�e�s�e�n�t�e�d� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �c�a�s�e�,� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� 

�E�m�p�l�a�c�e�m�e�n�t� �C�o�n�c�e�p�t�)�.� �R�e�f�e�r� �t�o� �t�a�b�l�e�s� �3�-�3� �a�n�d� �3�-�4� �f�o�r� �d�e�s�i�g�n� �a�n�d� �c�o�s�t� �i�n�p�u�t� �d�a�t�a�.� 

�1�.� �E�x�c�a�v�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s� �(�t�o�n�s�)� �a�r�e� �p�r�e�d�i�c�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� 

�a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �w�a�s�t�e� �i�n� �t�h�e� �c�o�n�t�a�i�n�e�r�s�.� 

�A�n�n�u�a�l� �f�i�x�e�d� �t�o�n�n�a�g�e� �=� �a�n�n�u�a�l� �c�o�m�m�o�n� �a�r�e�a� �t�o�n�n�a�g�e� 

�I�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �t�h�a�t� �t�h�e� �a�n�n�u�a�l� �f�i�x�e�d� �t�o�n�n�a�g�e� �f�o�r� �t�h�e� 

�c�o�m�m�o�n� �a�r�e�a�s� �i�s� �6�0�,�0�0�0� �t�o�n�s� �f�o�r� �y�e�a�r�s� �2�0�0�5� �t�h�r�o�u�g�h� �2�0�0�9� �(�S�A�N�D�I�A�,� �1�9�9�0�)� 

�{�R�e�f�e�r�e�n�c�e� �3�]�.� 

�A�n�n�u�a�l� �v�a�r�i�a�b�l�e� �t�o�n�n�a�g�e� �=� �(�a�n�n�u�a�l� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�)�x�(�t�o�n�s� �p�e�r� �w�a�s�t�e� 

�c�o�n�t�a�i�n�e�r�)�x�(�m�i�n�i�n�g� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r�)� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� �f�o�r� �i�n�t�a�c�t� �a�n�d� �m�i�x� �f�u�e�l� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�I�n�t�a�c�t� �f�u�e�l�:� 

�(�1�5�6� �p�k�g�e�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� 

�2�0�1�3�*�)�x� �(�6�1�0�t�o�n�s�/�p�k�g�e�)�x� �(�5�3�.�1� �%�o�x�.� �1�6�)� �+�.� �8�4�)�/�1�,� �0�0�0�)� �=�8�8�t�o�n�s� 

�(�3�0�6�°� �p�k� �g�e�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� 

�2�0�1�3�°�)�x� �(�6�1�0�t�o�n�s�/�p�k� �g�e�)�x� �(�(�6�4� �%�x�.� �1�6�)� �+�.�8�4�)�/�1�,� �0�0�0�)� �=�1�7�6�t�o�n�s� 

�T�o�t�a�l� �t�o�n�s� �f�o�r� �t�h�e� �y�e�a�r� �2�0�1�0�=�8�8�+� �1�7�6�=�2�6�4�t�o�n�s� 

� � 

�7� �T�h�e� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �p�a�c�k�a�g�e�s� �i�s� �a� �f�o�r�e�c�a�s�t� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �s�p�e�n�t� �f�u�e�l� �f�o�g�i�s�t�i�c�s� �m�o�d�e�l� �(�W�E�S�T�O�N�,� �1�9�8�8�)� �[�R�e�f�e�r�e�n�c�e� �1�6�]�.� 

�8� �E�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s� �w�i�l�l� �b�e� �p�r�e�p�a�r�e�d� �t�h�r�e�e� �y�e�a�r�s� �i�n� �a�d�v�a�n�c�e�.� 

�3�1



�M�i�n�i�n�g� �C�o�r�r�e�c�t�i�o�n� �F�a�c�t�o�r� �=� �(�h�e�a�t� �r�a�t�i�o�,� �f�r�a�c�t�i�o�n� �o�f� �c�o�n�t�a�i�n�e�r� �h�e�a�t� �t�o� �d�e�s�i�g�n� �h�e�a�t�)� �o�r� 

�(�e�n�e�r�g�y� �d�e�p�o�s�i�t�i�o�n� �r�a�t�i�o�,� �f�u�n�c�t�i�o�n� �o�f� �s�p�e�n�t� �f�u�e�l� �a�g�e� �a�n�d� �b�u�r�n�u�p�)� �o�r� �(�e�x�t�r�a�c�t�i�o�n� �f�a�c�t�o�r�,� 

�f�u�n�c�t�i�o�n� �o�f� �r�o�c�k� �m�e�c�h�a�n�i�c�s�)� 

�2�.� �C�o�s�t�s� �f�o�r� �e�x�c�a�v�a�t�i�o�n� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �o�n� �a�n� �a�n�n�u�a�l� �b�a�s�i�s�.� 

�A�n�m�u�i�a�l� �e�x�c�a�v�a�t�i�o�n� �c�o�s�t� �=� �(�a�n�n�u�a�l� �f�i�x�e�d� �t�o�n�n�a�g�e� �+� �a�n�n�u�a�l� �v�a�r�i�a�b�l�e� �t�o�n�n�a�g�e� �f�o�r� �a�l�l� 

�w�a�s�t�e� �t�y�p�e�s�)�x�(�f�u�l�l�y� �l�o�a�d�e�d� �e�x�c�a�v�a�t�i�o�n� �c�o�s�t� �p�e�r� �t�o�n� �s�p�e�c�i�f�i�c� �t�o� �e�i�t�h�e�r� �c�o�n�s�t�r�u�c�t�i�o�n� �o�r� 

�e�m�p�l�a�c�e�m�e�n�t� �o�p�e�r�a�t�i�o�n�s�)� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�(�0�.�0� �f�i�x�e�d� �t�o�n�n�a�g�e� �+� �2�6�4�t�o�n�s�)�x� �(�$�3�2�.� �8�4�/�t�o�n�,� �d�u�r�i�n�g� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �p�h�a�s�e�)� 

�=�$�8�,� �6�6�8� 

�N�o�t�e�:� �e�x�c�a�v�a�t�i�o�n� �o�f� �c�o�m�m�o�n� �a�r�e�a�s� �e�n�d�s� �i�n� �t�h�e� �y�e�a�r� �2�0�0�9�.� 

�3�.� �E�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �a�n�n�u�a�l� �e�x�c�a�v�a�t�i�o�n� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� 

�A�n�a�l� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t� �=� �(�a�n�n�u�a�l� �f�i�x�e�d� �t�o�n�n�a�g�e� �+�a�n�n�u�a�l� �v�a�r�i�a�b�l�e� 

�t�o�n�n�a�g�e�)�x�(�f�u�l�l�y� �l�o�a�d�e�d� �u�n�i�t� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t� �p�e�r� �t�o�n� �s�p�e�c�i�f�i�c� �t�o� �e�i�t�h�e�r� 

�c�o�n�s�t�r�u�c�t�i�o�n� �o�r� �e�m�p�l�a�c�e�m�e�n�t� �o�p�e�r�a�t�i�o�n�s�)� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�(�0�.�0� �f�i�x�e�d� �t�o�n�n�a�g�e� �+� �2�6�4�t�o�n�s�)�x� �(�$�2�.�9� �t�o�n�)� �=�$�7�9�0� 

� � 

�9� �E�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t� �p�e�r� �t�o�n� �d�u�r�i�n�g� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �p�h�a�s�e� 

�3�2



�4�.� �A�n�n�u�a�l� �f�i�x�e�d� �c�o�s�t�s� �s�p�e�c�i�f�i�c� �t�o� �c�o�n�s�t�r�u�c�t�i�o�n�,� �e�m�p�l�a�c�e�m�e�n�t�,� �c�a�r�e�t�a�k�e�r�,� �a�n�d� �c�l�o�s�u�r�e� 

�p�h�a�s�e�s� �a�r�e� �a�s�s�i�g�n�e�d�.� 

�T�h�e�s�e� �i�n�c�l�u�d�e� �c�o�s�t�s� �f�o�r� �g�e�n�e�r�a�l� �m�a�i�n�t�e�n�a�n�c�e� �f�o�r� �e�a�c�h� �p�h�a�s�e� �(�i�n� �t�h�o�u�s�a�n�d�s�)�,� 

�s�e�e� �T�a�b�l�e� �3�-�4�:� 

�C�o�n�s�t�r�u�c�t�i�o�n� �P�h�a�s�e� �=� �$�2�,�2�5�9� 

�E�m�p�l�a�c�e�m�e�n�t� �P�h�a�s�e� �=� �$�3�,�8�2�5� 

�C�a�r�e�t�a�k�e�r� �P�h�a�s�e� �=� �$�2�,�2�2�0� 

�C�l�o�s�u�r�e� �&� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �P�h�a�s�e� �=� �$�1�,�8�9�5� 

�5�.� �E�m�p�l�a�c�e�m�e�n�t� �b�o�r�e�h�o�l�e� �c�o�s�t�s� �=� �(�n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� �t�h�e� 

�n�e�x�t� �y�e�a�r�)�x�(�w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t� �b�o�r�e�h�o�l�e� �u�n�i�t� �c�o�s�t�)�.� �T�h�i�s� �c�a�t�e�g�o�r�y� �d�o�e�s� �n�o�t� �a�p�p�l�y� �t�o� 

�t�h�e� �I�n�-�D�r�i�f�t� �a�l�t�e�r�n�a�t�i�v�e� �s�i�n�c�e� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �a�r�e� �s�t�o�r�e�d� �a�l�o�n�g� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s�,� 

�r�a�t�h�e�r� �t�h�a�n� �i�n� �b�o�r�e�h�o�l�e�s� �o�n� �t�h�e� �f�l�o�o�r� �o�f� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s�.� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�(�1�8�6�"� �p�k�g�e�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� �2�0�1� �1�'�"�)�x� �(�$�9�,�8�1�8�.� �4�/�p�k�g�e�)�/�1�,�0�0�0� �=� �$�1�,�8�2�6� 

�6�.� �W�a�s�t�e� �t�r�a�n�s�f�e�r� �a�n�d� �e�m�p�l�a�c�e�m�e�n�t� �c�o�s�t�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �a�n�n�u�a�l� �n�u�m�b�e�r� �o�f� 

�w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r� �r�e�m�o�v�a�l� �c�o�s�t�s� �f�o�r� �p�e�r�f�o�r�m�a�n�c�e� 

�c�o�n�f�i�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �a�s�s�i�g�n�e�d�.� 

�A�n�n�u�a�l� �e�m�p�l�a�c�e�m�e�n�t�/�r�e�m�o�v�a�l� �c�o�s�t� �=� �(�a�n�n�u�a�l� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� 

� � 

�1�0� �W�E�S�T�O�N�,� �1�9�8�8� �[�R�e�f�e�r�e�n�c�e� �1�6�]�.� 

�7�1� �B�o�r�e�h�o�l�e�s� �w�i�l�l� �b�e� �p�r�e�p�a�r�e�d� �o�n�e� �y�e�a�r� �i�n� �a�d�v�a�n�c�e�,� �s�i�n�c�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �b�o�r�e�h�o�l�e�s� �a�n�d� �e�m�p�l�a�c�e�m�e�n�t� �o�f� �w�a�s�t�e� �i�n� �t�h�o�s�e� 
�b�o�r�e�h�o�l�e�s� �c�a�n� �n�o�t� �o�c�c�u�r� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�.� 

�3�3



�e�m�p�l�a�c�e�d�)�x�(�e�m�p�l�a�c�e�m�e�n�t� �u�n�i�t� �c�o�s�t� �p�e�r� �c�o�n�t�a�i�n�e�r�)� �+� �(�f�i�x�e�d� �c�o�s�t� �p�e�r� �y�e�a�r� �b�y� �p�r�o�j�e�c�t� 

�p�h�a�s�e� �f�o�r� �w�a�s�t�e� �r�e�m�o�v�a�l�,� �b�a�s�e�d� �o�n� �p�r�o�j�e�c�t� �p�h�a�s�e�)� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�A�n�n�u�a�l� �e�m�p�l�a�c�e�m�e�n�t� �c�o�s�t�=�(�2�0�7�°� �p�k�g�e�s�)�x� �(�$�6�,� �5�7�1�'�2�/�p�k�g�e�)� �=�$�1�,� �3�6�0� 

�A�n�n�u�a�l� �r�e�m�o�v�a�l� �c�o�s�t� �i�s� �f�i�x�e�d� �a�t� �$�1�0�7�,� �h�o�w�e�v�e�r�,� �p�e�r�f�o�r�m�a�n�c�e� �c�o�n�f�i�r�m�a�t�i�o�n� 

�a�c�t�i�v�i�t�i�e�s� �b�e�g�i�n� �i�n� �t�h�e� �y�e�a�r� �2�0�1�5�.� �T�h�e�r�e�f�o�r�e�,� �r�e�m�o�v�a�l� �c�o�s�t� �f�o�r� �t�h�e� �y�e�a�r� �2�0�1�0� 

�=�$�0�.� 

�A�n�n�u�a�l� �e�m�p�l�a�c�e�m�e�n�t�/�r�e�m�o�v�a�l� �c�o�s�t� �=�$�1�,�3�6�0�+�3�0�=�$�1�,� �3�6�0� 

�7�.� �B�a�c�k�f�i�l�l� �c�o�s�t�s� �a�r�e� �c�o�m�p�u�t�e�d� �f�r�o�m� �u�n�i�t� �c�o�s�t�s� �a�n�d� �b�a�c�k�f�i�l�l� �q�u�a�n�t�i�t�i�e�s� �w�h�i�c�h� �a�r�e� �e�s�t�i�m�a�t�e�d� 

�b�a�s�e�d� �o�n� �i�n�i�t�i�a�l� �e�x�c�a�v�a�t�i�o�n� �a�n�d� �c�o�m�p�a�c�t�i�o�n� �f�a�c�t�o�r�s�.� 

�B�a�c�k�f�i�l�l� �q�u�a�n�t�i�t�y� �=� �(�s�u�m� �o�f� �a�l�l� �f�i�x�e�d� �a�n�d� �v�a�r�i�a�b�l�e� �e�x�c�a�v�a�t�i�o�n� �t�o�n�n�a�g�e�s�)�x�(�c�o�m�p�a�c�t�i�o�n� 

�f�a�c�t�o�r�)� 

�B�a�c�k�f�i�l�l� �a�c�t�i�v�i�t�i�e�s� �b�e�g�i�n� �i�n� �2�0�6�0� �t�h�r�o�u�g�h� �2�0�7�0�.� �F�o�r� �t�h�e� �y�e�a�r� �2�0�6�0� �(�i�n� 

�t�h�o�u�s�a�n�d�s�)�:� 

�(�2�5�,� �9�9�0�"� �t�o�n�s�)�x� �(�.� �7�6�)� �=�1�,� �7�9�6�t�o�n�s� 

� � 

�1�2� �E�m�p�l�a�c�e�m�e�n�t� �u�n�i�t� �c�o�s�t� �p�e�r� �c�o�n�t�a�i�n�e�r� �d�u�r�i�n�g� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �p�h�a�s�e�,� �s�e�e� �T�a�b�l�e� �3�-�4�.� 

�1�3� �W�E�S�T�O�N�,� �1�9�8�8� �[�R�e�f�e�r�e�n�c�e� �1�7�]�.



�1�0�.� 

�A�n�n�u�a�l� �b�a�c�k�f�i�l�l� �c�o�s�t� �=� �(�b�a�c�k�f�i�l�l� �q�u�a�n�t�i�t�y�)�x�(�u�n�i�t� �b�a�c�k�f�i�l�l� �c�o�s�t�)� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�6�0� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�(�1�,� �7�9�6�t�o�n�s�)�x� �(�8�9�.� �6�6�/�t�o�n�)� �=�$�1�7�,� �3�4�6� 

�P�h�a�s�e� �s�p�e�c�i�f�i�c� �a�n�n�u�a�l� �f�i�x�e�d� �c�o�s�t�s� �f�o�r� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� �s�y�s�t�e�m�s� �a�r�e� �a�s�s�i�g�n�e�d�.� 

�T�h�e�s�e� �i�n�c�l�u�d�e� �s�u�p�p�o�r�t� �f�a�c�i�l�i�t�i�e�s�,� �u�t�i�l�i�t�i�e�s�,� �a�n�d� �m�o�n�i�t�o�r�i�n�g�.� 

�T�h�e�s�e� �f�i�x�e�d� �c�o�s�t�s� �a�r�e� �a�s� �f�o�l�l�o�w�s� �(�i�n� �t�h�o�u�s�a�n�d�s�)�:� 

�C�o�n�s�t�r�u�c�t�i�o�n� �P�h�a�s�e� �$�2�0�,�0�3�2� �$�3�,� �1�5�1� �4�3�,� �1�8�0� 

�E�m�p�l�m�n�t�.� �P�h�a�s�e� �$�2�9�,� �3�8�4� �$�1�,�9�5�6� �$�6�,�2�4�1� 

�C�a�r�e�t�a�k�e�r� �P�h�a�s�e� �$�5�,�5�1�2� �$�1�,�4�1�7� �$�2�,�6�2�1� 

�C�l�o�s�u�r�e� �P�h�a�s�e� �$�1�0�,� �3�4�6� �$�9�,� �3�4�8� �$�2�,� �1�0�2� 

�L�i�f�e� �c�y�c�l�e� �c�o�s�t�s� �a�r�e� �s�u�m�m�e�d� �a�n�n�u�a�l�l�y� �b�y� �a�c�c�o�u�n�t� �a�n�d� �p�h�a�s�e�.� �A�l�l� �c�o�s�t� �e�s�t�i�m�a�t�e�s� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �c�o�n�s�t�a�n�t� �1�9�9�5� �d�o�l�l�a�r�s� �f�o�r� �e�a�s�e� �o�f� �c�o�m�p�a�r�i�s�o�n� �a�n�d� �t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� �e�f�f�e�c�t�s� 

�o�f� �i�n�f�l�a�t�i�o�n� �f�o�r� �a� �p�r�o�j�e�c�t� �w�i�t�h� �a� �d�u�r�a�t�i�o�n� �s�p�a�n�n�i�n�g� �u�p� �t�o� �1�2�3� �y�e�a�r�s�.� 

�S�t�a�f�f�i�n�g� �i�s� �e�s�t�i�m�a�t�e�d� �o�n� �a�n� �a�n�n�u�a�l� �b�a�s�i�s� �f�o�r� �e�a�c�h� �o�p�e�r�a�t�i�o�n� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r�g�r�o�u�n�d�.� 

�C�a�l�c�u�l�a�t�i�o�n�s� �a�r�e� �b�a�s�e�d� �o�n� �u�n�i�t� �o�p�e�r�a�t�i�o�n� �p�r�o�d�u�c�t�i�v�i�t�y� �f�a�c�t�o�r�s� �f�r�o�m� �p�r�o�j�e�c�t� �d�e�s�i�g�n�s�.� 

�F�o�r� �t�h�e� �y�e�a�r� �2�0�1�0�,� �a�v�e�r�a�g�e� �d�a�i�l�y� �s�t�a�f�f�i�n�g� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�(�a�n�n�u�a�l� �e�x�c�a�v�a�t�e�d� �t�o�n�n�a�g�e�)�x� �(�1�,� �0�0�0�)�/�(�t�o�n�n�a�g�e� �p�e�r� �m�a�n�-�y�e�a�r�)� 

�=� �(�2�6�4�t�o�n�s�)�x� �(�1�,�0�0�0�)�/�3�,�5�0�0�t�o�n�s� �p�e�r� �m�a�n�-�y�e�a�r� �=� �7�5� �p�e�o�p�l�e� 

�3�5



�s�t�a�f�f�i�n�g� �f�o�r� �t�h�i�s� �a�c�t�i�v�i�t�y� �i�s� �f�i�x�e�d� �a�t� �2�1� �p�e�o�p�l�e�.� 

�B�o�r�e�h�o�l�e� �D�e�v�e�l�o�p�m�e�n�t�:� 

�(�#� �o�f� �p�K�g�e�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �y�e�a�r�)�/�(�#� �o�f� �b�o�r�e�h�o�l�e�s� �p�e�r� �m�a�n�-� 

�y�e�a�r�)� 

�=� �(�1�8�6� �p�k�g�e�s�)�/�(�3�0� �b�o�r�e�h�o�l�e�s� �p�e�r� �m�a�n�-�y�e�a�r�)� �=� �6�.�2� �o�r� �6� �p�e�o�p�l�e� 

�E�m�p�l�a�c�e�m�e�n�t�:� 

�(�t�o�t�a�l� �#� �o�f� �p�k�g�e�s� �t�o� �b�e� �e�m�p�l�a�c�e�d� �i�n� �t�h�e� �c�u�r�r�e�n�t� �y�e�a�r�)�/�(�#� �o�f� �p�k�g�e�s� �e�m�p�l�a�c�e�d� 

�p�e�r� �m�a�n�-�y�e�a�r�)� 

�=� �(�2�0�7� �p�k�g�e�s�)�/�(�1�2�5� �p�k�g�e�s� �p�e�r� �m�a�n�-�y�e�a�r�)� �=� �1�.�6� �o�r� �2� �p�e�o�p�l�e� 

�B�a�c�k�f�i�l�l�:� 

�(�b�a�c�k�f�i�l�l� �q�u�a�n�t�i�t�y� �)�/�(�b�a�c�k�f�i�l�l� �t�o�n�s� �p�e�r� �m�a�n�-�y�e�a�r�)� 

�=� �0�/�3�7�,�0�4�0� �=� �0� �p�e�o�p�l�e� �b�e�c�a�u�s�e� �b�a�c�k�f�i�l�l� �a�c�t�i�v�i�t�i�e�s� �b�e�g�i�n� �i�n� �2�0�6�0�.� 

�S�t�a�f�f�i�n�g� �f�o�r� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s� �i�s� �f�i�x�e�d� �a�t� �2�3�9�.� 

�1�1�.� �T�o�t�a�l� �e�x�c�a�v�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�f�e�n�s�e� �H�i�g�h�-�l�e�v�e�l� �W�a�s�t�e� �(�D�H�L�W�)� �a�r�e� 

�e�s�t�i�m�a�t�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �e�x�c�a�v�a�t�i�o�n� �t�o�n�n�a�g�e� �b�a�s�e�d� �o�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� 

�D�H�L�W� �c�o�n�t�a�i�n�e�r�s�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �t�o� �a�r�r�i�v�e� �a�t� �t�h�e� �d�e�f�e�n�s�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� �c�o�s�t� 

�i�s� �b�a�s�e�d� �o�n� �a� �c�o�s�t�-�s�h�a�r�i�n�g� �f�a�c�t�o�r�.� �T�h�i�s� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �n�o�t� �c�o�v�e�r�e�d� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� 

�T�h�e� �s�t�e�p�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �r�e�q�u�i�r�e� �i�n�p�u�t� �d�a�t�a� �t�h�a�t� �d�e�t�a�i�l�s� �t�h�e� �n�e�c�e�s�s�a�r�y� �u�n�i�t� �c�o�s�t�s� �a�n�d� 

�p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �s�u�b�s�u�r�f�a�c�e� �c�o�s�t� �a�c�c�o�u�n�t�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �i�n�f�o�r�m�a�t�i�o�n� �d�e�t�a�i�l�i�n�g� �c�o�m�m�o�n� �a�r�e�a� 

�e�x�c�a�v�a�t�i�o�n� �t�o�n�n�a�g�e�,� �d�e�v�e�l�o�p�m�e�n�t� �s�c�h�e�d�u�l�e�s�,� �a�n�d� �e�m�p�l�a�c�e�m�e�n�t� �a�r�e�a� �t�o�n�n�a�g�e� �a�r�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �p�r�o�j�e�c�t� 
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�d�a�t�a�.� �U�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �c�o�s�t� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �c�a�p�i�t�a�l� �e�q�u�i�p�m�e�n�t�.� �C�a�p�i�t�a�l� �e�q�u�i�p�m�e�n�t� �c�o�s�t�s� �a�r�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �t�o�t�a�l� �r�e�p�o�s�i�t�o�r�y� �c�o�s�t� �a�s� �p�a�r�t� �o�f� �s�u�r�f�a�c�e� �f�a�c�i�l�i�t�i�e�s� �c�o�s�t�s�.� 

�3�.�4� �A�m�a�l�y�s�i�s� �A�p�p�r�o�a�c�h� 

�T�h�i�s� �s�t�u�d�y� �c�o�n�s�i�d�e�r�s� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�w�o� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�s� 

�w�i�t�h� �u�n�e�q�u�a�l� �l�i�v�e�s�.� �T�h�e� �l�i�f�e�-�c�y�c�l�e� �o�f� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �i�s� �7�3� �y�e�a�r�s�.� �F�o�r� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t�,� �t�h�e� 

�l�i�f�e�-�c�y�c�l�e� �i�s� �1�2�3� �y�e�a�r�s�.� �T�a�b�l�e� �3�-�5� �s�h�o�w�s� �a� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �y�e�a�r�s� �i�n� �e�a�c�h� �p�h�a�s�e� �f�o�r� �t�h�e� 

�t�w�o� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�F�o�r� �e�v�a�l�u�a�t�i�o�n� �p�u�r�p�o�s�e�s�,� �t�h�e� �l�i�f�e�-�c�y�c�l�e� �c�o�s�t� �f�o�r� �e�a�c�h� �a�l�t�e�r�n�a�t�i�v�e� �w�i�l�l� �b�e� �c�a�l�c�u�l�a�t�e�d� 

�u�s�i�n�g� �t�h�e� �U�R�C�O�S�T� �m�o�d�e�l� �m�e�t�h�o�d�o�l�o�g�y�.� �S�i�n�c�e� �t�h�e� �t�w�o� �a�l�t�e�r�n�a�t�i�v�e�s� �a�r�e� �o�f� �u�n�e�q�u�a�l� �l�i�v�e�s�,� �c�o�m�p�a�r�i�s�o�n� 

�w�i�l�l� �b�e� �m�a�d�e� �b�y� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �l�i�f�e�-�c�y�c�l�e� �c�o�s�t� �o�f� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �o�v�e�r� �t�h�e� �s�a�m�e� �l�i�f�e� �s�p�a�n�.� �F�o�u�r� �c�a�s�e�s� 

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �e�v�a�l�u�a�t�i�n�g� �a�n�d� �c�o�m�p�a�r�i�n�g� �t�h�e� �t�w�o� �a�l�t�e�r�n�a�t�i�v�e�s�:� 

�E�v�a�l�u�a�t�i�o�n� 

�C�a�s�e� �1�:� �C�o�s�t� �f�o�r� �t�h�e� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �(�b�a�s�e�l�i�n�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �(�7�3� �y�e�a�r�s�)�.� 

�C�a�s�e� �2�:� �C�o�s�t� �f�o�r� �t�h�e� �I�n�-�D�r�i�f�t� �(�a�l�t�e�r�n�a�t�i�v�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �(�1�2�3� �y�e�a�r�s�)�.� 

�C�o�m�p�a�r�i�s�o�n� 

�C�a�s�e� �3�:� �C�o�s�t� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �1�2�3� �y�e�a�r�s� �v�s�.� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� 

�c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �1�2�3� �y�e�a�r�s�.� 

�C�a�s�e� �4�:� �C�o�s�t� �f�o�r� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �7�3� �y�e�a�r�s� �v�s�.� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� 

�e�v�a�l�u�a�t�e�d� �a�t� �7�3� �y�e�a�r�s�.� 

�T�h�e� �l�i�f�e�-�c�y�c�l�e� �c�o�s�t� �f�o�r� �t�h�e� �c�a�s�e�s� �d�e�f�i�n�e�d� �a�b�o�v�e� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �4�.� 
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� � 

�T�a�b�l�e� �3�-�5� �C�o�m�p�a�r�i�s�o�n� �o�f� �A�l�t�e�m�a�t�i�v�e�s� �P�h�a�s�e� �D�u�r�a�t�i�o�n�s� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �C�o�n�c�e�p�t� �I�n�-�D�r�i�f�t� �C�o�n�c�e�p�t� 

�P�h�a�s�e� �(�B�a�s�e�l�i�n�e�)� �(�A�l�t�e�r�n�a�t�i�v�e�)� 

�D�u�r�a�t�i�o�n� �#� �o�f� �Y�e�a�r�s� �D�u�r�a�t�i�o�n� �#� �o�f� �Y�e�a�r�s� 

�C�o�n�s�t�r�u�c�t�i�o�n� �1�9�9�7�-�2�0�0�9� �1�2� �1�9�9�7�-�2�0�0�9� �1�2� 

�E�m�p�l�a�c�e�m�e�n�t�"� �2�0�1�0�-�2�0�4�5� �3�6� �2�0�1�0�-�2�0�4�5� �3�6� 

�C�a�r�e�t�a�k�e�r�®� �2�0�4�6�-�2�0�5�9� �1�4� �2�0�4�6�-�2�1�0�9� �6�4� 

�C�l�o�s�u�r�e� �&� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �2�0�6�0�-�2�0�7�0� �1�1� �2�1�1�0�-�2�0�2�0� �1�1� 

�T�o�t�a�l� �Y�e�a�r�s� �7�3� �1�2�3� � � � � � � � � 
� � 

� � 

�1�4� �I�n�c�l�u�d�e�s� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d�:� �5�0� �y�e�a�r�s� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �a�n�d� �1�0�0� �y�e�a�r�s� �f�o�r� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t�.� 
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�C�H�A�P�T�E�R� �4� 

�A�N�A�L�Y�S�I�S� �A�N�D� �R�E�S�U�L�T�S� 

�T�h�i�s� �c�h�a�p�t�e�r� �p�r�e�s�e�n�t�s� �t�h�e� �l�i�f�e�-�c�y�c�l�e� �c�o�s�t� �r�e�s�u�l�t�s� �d�e�r�i�v�e�d� �f�r�o�m� �U�R�C�O�S�T� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �c�a�s�e�s� 

�d�e�f�i�n�e�d� �i�n� �C�h�a�p�t�e�r� �3� �a�n�d� �a�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�a�t�a�.� 

�4�.�0� �R�e�s�u�l�t�s� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �t�h�e� �c�a�s�e�s� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�C�a�s�e� �1�:� �C�o�s�t� �f�o�r� �t�h�e� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �(�b�a�s�e�l�i�n�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �(�7�3� �y�e�a�r�s�)�.� 

�C�a�s�e� �2�:� �C�o�s�t� �f�o�r� �t�h�e� �I�n�-�D�r�i�f�t� �(�a�l�t�e�r�n�a�t�i�v�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �(�1�2�3� �y�e�a�r�s�)�.� 

�C�a�s�e� �3�:� �C�o�s�t� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �1�2�3� �y�e�a�r�s�.� 

�C�a�s�e� �4�:� �C�o�s�t� �f�o�r� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �7�3� �y�e�a�r�s�.� 

�T�h�e� �c�o�s�t� �e�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �c�a�s�e�s� �i�s� �s�u�m�m�a�r�i�z�e�d� �b�y� �p�h�a�s�e�.� �T�h�e� �c�o�s�t� 

�f�o�r� �t�h�e� �V�e�r�t�i�c�a�l� �B�o�r�e�h�o�l�e� �(�b�a�s�e�l�i�n�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �i�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �4�-�1�.� �T�a�b�l�e� �4�-�2� 

�s�u�m�m�a�r�i�z�e�s� �t�h�e� �c�o�s�t� �f�o�r� �t�h�e� �I�n�-�D�r�i�f�t� �(�a�l�t�e�r�n�a�t�i�v�e�)� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�.� �T�a�b�l�e� �4�-�3� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �c�o�s�t� 

�f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �1�2�3� �y�e�a�r�s�.� �T�h�e� �c�o�s�t� �f�o�r� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� �e�v�a�l�u�a�t�e�d� �a�t� �7�3� 

�y�e�a�r�s� �i�s� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �4�-�4�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �f�r�o�m� �5�0� �y�e�a�r�s� �i�n� �t�h�e� �b�a�s�e�l�i�n�e� �c�a�s�e� �t�o� �1�0�0� �y�e�a�r�s� �i�n� �t�h�e� 

�a�l�t�e�r�n�a�t�i�v�e� �c�a�s�e� �i�s� �a�c�c�e�p�t�a�b�l�e� �f�r�o�m� �a� �t�e�c�h�n�i�c�a�l� �p�o�i�n�t� �o�f� �v�i�e�w�.� �A�s� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�,� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� 

�w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �w�i�l�l� �b�e� �r�e�t�r�i�e�v�e�d� �a�t� �a� �r�e�a�s�o�n�a�b�l�e� �s�c�h�e�d�u�l�e� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �r�e�p�o�s�i�t�o�r�y� �i�s� �p�e�r�f�o�r�m�i�n�g� �a�s� 

�e�x�p�e�c�t�e�d�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �i�s� �t�o� �a�s�s�u�r�e� �t�o� �t�h�e� �p�u�b�l�i�c� �t�h�a�t� �t�h�e� �C�R�W�M�S� �i�s� �s�a�f�e�.� 
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�A� �l�o�n�g�e�r� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �r�e�a�s�s�u�r�e�s� �t�h�e� �s�a�f�e�t�y� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�T�a�b�l�e� �4�-�1� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �E�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �C�o�n�c�e�p�t� �(�C�a�s�e� �1�)� 

�M�i�l�l�i�o�n�s� �o�f� �1�9�9�5� �C�o�n�s�t�a�n�t� �D�o�l�l�a�r�s� 

� � 

� � 

� � 

� � 

� � � � � � 

� � 

�P�h�a�s�e� �C�o�s�t� �E�s�t�i�m�a�t�e� 

�C�o�n�s�t�r�u�c�t�i�o�n� �2�4�7� 

�E�m�p�l�a�c�e�m�e�n�t� �3�,�3�7�5� 

�C�a�r�e�t�a�k�e�r� �1�6�6� 

�C�l�o�s�u�r�e� �a�n�d� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �4�5�1� 

�T�o�t�a�l� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �c�o�s�t� �4�,�2�4�0�*� � � 
� � �*�C�o�l�u�m�n� �m�a�y� �n�o�t� �a�d�d� �u�p� �d�u�e� �t�o� �i�n�d�e�p�e�n�d�e�n�t� �r�o�u�n�d�i�n�g�.� 

�T�a�b�l�e� �4�-�2� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �E�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �A�l�t�e�m�a�t�i�v�e� �C�o�n�c�e�p�t� �(�C�a�s�e� �2�)� 

�M�i�l�l�i�o�n�s� �o�f� �1�9�9�5� �C�o�n�s�t�a�n�t� �D�o�l�l�a�r�s� 

� � 

� � 

� � 

� � 

�P�h�a�s�e� �C�o�s�t� �E�s�t�i�m�a�t�e� 

�C�o�n�s�t�r�u�c�t�i�o�n� �2�6�3� 

�E�m�p�l�a�c�e�m�e�n�t� �2�,�8�4�5� 

�C�a�r�e�t�a�k�e�r� �8�2�9� 

� � � � � � � � 
� � 

� 



�T�a�b�l�e� �4�-�3� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �E�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �C�o�n�c�e�p�t� �E�v�a�l�u�a�t�e�d� �a�t� �1�2�3� �Y�e�a�r�s� �(�C�a�s�e� �3�)� 

�M�i�l�l�i�o�n�s� �o�f� �1�9�9�5� �C�o�n�s�t�a�n�t� �D�o�l�l�a�r�s� 

� � 

� � 

� � 

� � 

� � 

�P�h�a�s�e� �C�o�s�t� �E�s�t�i�m�a�t�e� 

�C�o�n�s�t�r�u�c�t�i�o�n� �2�4�7� 

�E�m�p�l�a�c�e�m�e�n�t� �3�,�3�7�5� 

�C�a�r�e�t�a�k�e�r� �7�6�0� 

�C�l�o�s�u�r�e� �a�n�d� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� �4�5�1� � � � � � � 
� � 

� � 

�T�a�b�l�e� �4�-�2� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �E�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �A�l�t�e�r�m�a�t�i�v�e� �C�o�n�c�e�p�t� �E�v�a�l�u�a�t�e�d� �a�t� �7�3� �Y�e�a�r�s� �(�C�a�s�e� �4�)� 

�M�i�l�l�i�o�n�s� �o�f� �1�9�9�5� �C�o�n�s�t�a�n�t� �D�o�l�l�a�r�s� 

� � 

� � 

� � 

�P�h�a�s�e� �C�o�s�t� �E�s�t�i�m�a�t�e� 

�C�o�n�s�t�r�u�c�t�i�o�n� �2�6�3� 

�E�m�p�l�a�c�e�m�e�n�t� �2�,�8�4�5� 

� � �1�8�1� 

� � � � � � � � 
� � 

� 



�4�.�1� �A�n�a�l�y�s�i�s� 

�T�h�e� �t�o�t�a�l� �c�o�s�t� �f�o�r� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �C�a�s�e� �1� �a�n�d� �C�a�s�e� �2� �i�s� �$�4�,�2�4�0� �m�i�l�l�i�o�n� �a�n�d� 

�$�4�,�2�0�3� �m�i�l�l�i�o�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�i�g�u�r�e�s� �4�-�1� �a�n�d� �4�-�2� �s�h�o�w� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �a�l�l�o�c�a�t�i�o�n� �b�y� �p�h�a�s�e� �a�n�d� �b�y� �c�o�s�t� 

�c�a�t�e�g�o�r�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �f�o�r� �C�a�s�e�s� �1� �a�n�d� �2�.� �T�h�e� �m�a�i�n� �c�o�s�t� �d�r�i�v�e�r�s� �i�n� �b�o�t�h� �c�a�s�e�s� �a�r�e� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� 

�s�e�r�v�i�c�e� �s�y�s�t�e�m�s� �a�n�d� �t�h�e� �e�x�c�a�v�a�t�i�o�n� �c�a�t�e�g�o�r�i�e�s�.� �A�s� �m�e�n�t�i�o�n�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� 

�S�y�s�t�e�m�s� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e�s� �t�h�e� �c�o�s�t�s� �o�f� �s�u�p�p�o�r�t� �s�y�s�t�e�m�s� �f�a�c�i�l�i�t�i�e�s�,� �u�t�i�l�i�t�i�e�s�,� �a�n�d� �m�o�n�i�t�o�r�i�n�g�.� �T�h�e� 

�e�x�c�a�v�a�t�i�o�n� �o�f� �a�l�l� �c�o�m�m�o�n� �a�n�d� �e�m�p�l�a�c�e�m�e�n�t� �a�r�e�a�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �e�x�c�a�v�a�t�i�o�n� �c�a�t�e�g�o�r�y�.� 

�F�i�g�u�r�e�s� �4�-�3� �a�n�d� �4�4� �s�h�o�w� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �a�l�l�o�c�a�t�i�o�n� �b�y� �p�h�a�s�e� �a�n�d� �b�y� �c�o�s�t� �c�a�t�e�g�o�r�y�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �f�o�r� �C�a�s�e�s� �3� �a�n�d� �4�.� �I�n� �a�l�l� �c�a�s�e�s�,� �t�h�e� �m�a�i�n� �c�o�s�t� �d�r�i�v�e�r�s� �a�r�e� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� 

�s�y�s�t�e�m�s� �a�n�d� �t�h�e� �e�x�c�a�v�a�t�i�o�n� �c�a�t�e�g�o�r�i�e�s�.� 

�4�.�2� �C�a�s�e� �1� �v�e�r�s�u�s� �C�a�s�e� �4� 

�T�h�e� �t�o�t�a�l� �c�o�s�t� �f�o�r� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �C�a�s�e�s� �1� �a�n�d� �4� �i�s� �$�4�,�2�4�0� �m�i�l�l�i�o�n� �a�n�d� �$�3�,�5�5�5� 

�m�i�l�l�i�o�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�r�e� �i�s� �a� �d�i�f�f�e�r�e�n�c�e� �o�f� �$�6�8�5� �m�i�l�l�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �e�q�u�a�l�-�l�i�v�e�s� �c�a�s�e�s�.� �T�h�e� 

�1�9�%� �d�i�f�f�e�r�e�n�c�e� �a�c�c�o�u�n�t�s� �f�o�r� �h�i�g�h�e�r� �c�o�s�t�s� �i�n� �t�h�e� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g�,� �b�o�r�e�h�o�l�e� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� 

�e�m�p�l�a�c�e�m�e�n�t� �c�a�t�e�g�o�r�i�e�s� �f�o�r� �C�a�s�e� �1�.� 

�-� �E�x�c�a�v�a�t�i�o�n� �c�o�s�t�s� �i�n�c�r�e�a�s�e�d� �b�y� �2�3�%� �i�n� �C�a�s�e� �4� �d�u�e� �t�o� �t�h�e� �g�r�e�a�t�e�r� �a�m�o�u�n�t� �o�f� �e�a�r�t�h� 

�e�x�c�a�v�a�t�e�d� �t�o� �a�c�c�o�m�o�d�a�t�e� �t�h�e� �l�a�r�g�e�r� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�.� 

�E�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t�s� �i�n�c�l�u�d�e� �r�e�m�o�v�a�l� �o�f� �t�h�e� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l�,� �a�n�d� 

�b�a�c�k�f�i�l�l�.� �M�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g� �c�o�s�t�s� �i�n�c�r�e�a�s�e�d� �b�y� �2�2�%� �i�n� �C�a�s�e� �4�,� �d�r�i�v�e�n� 

�4�2



�C�o�s�t� �b�y� �P�h�a�s�e� 

�o�n�e�s� �C�l�o�s�u�r�e� �&� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� 
�1�1�%� � � � � 

� � � � � � 

�6�%� �C�o�n�s�t�r�u�c�t�i�o�n� 

�7�9�%� 

�E�m�p�l�a�c�e�m�e�n�t� 

�C�o�s�t� �b�y� �C�o�s�t� �C�a�t�e�g�o�r�y� 

�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� �S�y�s�t�e�m�s� 

�4�3�%� 

� � 

�E�x�c�a�v�a�t�i�o�n� 

�2�1�%� 

�1�0�%� �7�%� �E�x�c�.� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� �E�m�p�l�a�c�e�m�e�n�t� �5�%� 
�1�4�%� �;� 

�G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� �B�o�r�e�h�o�l�e� 
�D�e�v�e�l�o�p�m�e�n�t� 

�F�i�g�u�r�e� �4�-�1� �-� �U�n�d�e�r�g�r�o�u�n�d� �F�a�c�i�l�i�t�y� �C�o�s�t� �b�y� �P�h�a�s�e� �a�n�d� �C�o�s�t� �C�a�t�e�g�o�r�y� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �C�o�n�c�e�p�t� �(�C�a�s�e�)� 

�4�3



�C�o�s�t� �b�y� �P�h�a�s�e� 

�C�a�r�e�t�a�k�e�r� 

�2�0�%� �C�l�o�s�u�r�e� �&� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� 
�6�%� � � � � 

� � � 

�6�%� �C�o�n�s�t�r�u�c�t�i�o�n� 

� � � � 

�6�8�%� �E�m�p�l�a�c�e�m�e�n�t� 

�C�o�s�t� �b�y� �C�o�s�t� �C�a�t�e�g�o�r�y� 

�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� 
�S�y�s�t�e�m�s� �s�e� �a�e� 

�6�0�%� �o�e� � � 

�E�x�c�a�v�a�t�i�o�n� 

�2�6�%� 
� � � � � � 

� � � � 
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� � �3�%� �E�x�c�.� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� 
�3�%� �8�%� 

�E�m�p�l�a�c�e�m�e�n�t� �G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� 

�F�i�g�u�r�e� �4�-�2� �-� �U�n�d�e�r�g�r�o�u�n�d� �F�a�c�i�l�i�t�y� �C�o�s�t� �b�y� �P�h�a�s�e� �a�n�d� �C�o�s�t� �C�a�t�e�g�o�r�y� �f�o�r� �t�h�e� �A�l�t�e�m�m�a�t�i�v�e� �C�o�n�c�e�p�t� 

�(�C�a�s�e� �2�)� 

�4�4



�C�o�s�t� �b�y� �P�h�a�s�e� 

�C�a�r�e�t�a�k�e�r� �C�I� �&�D� �o�o�.� 
�o�s�u�r�e� �i�s�s�i�o�n�i� �1�6�%� �e�c�o�m�m�i�s�s�i�o�n�i�n�g� 

�9�%� 

� � � � � � � 

� � � 

� � � � � � 

�5�%� �C�o�n�s�t�r�u�c�t�i�o�n� 

�7�0�%� �E�m�p�l�a�c�e�m�e�n�t� 

�C�o�s�t� �b�y� �C�o�s�t� �C�a�t�e�g�o�r�y� 

�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� 
�S�y�s�t�e�m�s� 
�4�8�%� 

�E�x�c�a�v�a�t�i�o�n� �W�N� 
�.� �1�8�%� 

�6�%� �E�x�c�.� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� 

� � � � � �9�%� �6�%� �G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� 
�E�m�p�l�a�c�e�m�e�n�t� �1�3�%� 

�B�o�r�e�h�o�l�e� 
�D�e�v�e�l�o�p�m�e�n�t� 

�F�i�g�u�r�e� �4�-�3� �-� �U�n�d�e�r�g�r�o�u�n�d� �F�a�c�i�l�i�t�y� �C�o�s�t� �b�y� �P�h�a�s�e� �a�n�d� �C�o�s�t� �C�a�t�e�g�o�r�y� �f�o�r� �t�h�e� �B�a�s�e�l�i�n�e� �C�o�n�c�e�p�t� �a�t� 

�1�2�3� �Y�e�a�r�s� �(�C�a�s�e� �3�)� 

�4�5



�C�o�s�t� �b�y� �P�h�a�s�e� 

�C�a�r�e�t�a�k�e�r� 

�5�%� 
�3� �7� �o�e� �.� �7�%� �C�l�o�s�u�r�e� �&� �D�e�c�o�m�m�i�s�s�i�o�n�i�n�g� 

� � � � �7�%� �C�o�n�s�t�r�u�c�t�i�o�n� 

� � 

� � 

�8�1�%� 

�E�m�p�l�a�c�e�m�e�n�t� 

�C�o�s�t� �b�y� �C�o�s�t� �C�a�t�e�g�o�r�y� 

�U�n�d�e�r�g�r�o�u�n�d� �S�e�r�v�i�c�e� 
�S�y�s�t�e�m�s� 

�5�7�%� 
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�E�m�p�l�a�c�e�m�e�n�t� �3�%� �6�%� �3�%� �E�x�c�.� �M�a�t�e�r�i�a�l� �H�a�n�d�l�i�n�g� 

�G�e�n�e�r�a�l� �M�a�i�n�t�e�n�a�n�c�e� 

�F�i�g�u�r�e� �4�-�4� �-� �U�n�d�e�r�g�r�o�u�n�d� �F�a�c�i�l�i�t�y� �C�o�s�t� �b�y� �P�h�a�s�e� �a�n�d� �C�o�s�t� �C�a�t�e�g�o�r�y� �f�o�r� �t�h�e� �A�l�t�e�r�n�a�t�i�v�e� �C�o�n�c�e�p�t� �a�t� 
�7�3� �Y�e�a�r�s� �(�C�a�s�e� �4�)� 

�4�6



�b�y� �t�h�e� �l�a�r�g�e�r� �s�i�z�e� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�i�s� �c�a�s�e� �b�a�c�k�f�i�l�l�i�n�g� �c�o�s�t�s� 

�d�e�c�r�e�a�s�e�d� �b�y� �9�8�%� �o�n�l�y� �t�h�e� �c�o�m�m�o�n� �a�r�e�a�s� �w�i�l�l� �b�e� �b�a�c�k�f�i�l�l�e�d�.� �I�n� �C�a�s�e� �1�,� �c�o�m�m�o�n� �a�n�d� 

�e�m�p�l�a�c�e�m�e�n�t� �a�r�e�a�s� �w�i�l�l� �b�e� �b�a�c�k�f�i�l�l�e�d�.� 

�-� �G�e�n�e�r�a�l� �m�a�i�n�t�e�n�a�n�c�e� �c�o�s�t�s� �i�n�c�r�e�a�s�e�d� �d�u�e� �t�o� �t�h�e� �l�a�r�g�e�r� �s�i�z�e� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �i�n� �C�a�s�e� 

�4�,� 

�-� �B�o�r�e�h�o�l�e� �d�e�v�e�l�o�p�m�e�n�t� �c�o�s�t�s� �d�e�c�r�e�a�s�e�d� �b�y� �1�0�0�%� �i�n� �C�a�s�e� �4� �s�i�n�c�e� �n�o� �b�o�r�e�h�o�l�e�s� �a�r�e� �t�o� 

�b�e� �d�u�g�.� 

�E�m�p�l�a�c�e�m�e�n�t� �c�o�s�t�s� �i�n�c�l�u�d�e� �e�m�p�l�a�c�e�m�e�n�t� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �c�o�n�f�i�r�n�u�t�i�o�n� �a�c�t�i�v�i�t�i�e�s�.� 

�T�h�e� �c�o�s�t� �o�f� �e�m�p�l�a�c�e�m�e�n�t� �a�c�t�i�v�i�t�i�e�s� �d�e�c�r�e�a�s�e�d� �b�y� �7�0�%� �i�n� �C�a�s�e� �4� �d�u�e� �t�o� �t�h�e� �l�o�w�e�r� 

�r�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �t�o� �b�e� �e�m�p�l�a�c�e�d�.� �P�e�r�f�o�r�m�a�n�c�e� �c�o�n�f�i�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� 

�c�o�n�s�i�s�t� �o�f� �r�e�m�o�v�i�n�g� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �f�o�r� �t�e�s�t�i�n�g�.� �I�n� �C�a�s�e� �4�,� �o�n�e� �c�o�n�t�a�i�n�e�r� �i�s� �r�e�m�o�v�e�d� 

�f�o�r� �t�e�s�t�i�n�g� �e�v�e�r�y� �t�e�n� �y�e�a�r�s�.� �C�a�s�e� �1� �r�e�q�u�i�r�e�s� �t�h�e� �r�e�m�o�v�a�l� �o�f� �1�2� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �p�e�r� 

�y�e�a�r�.� �T�h�e� �l�a�g� �b�e�t�w�e�e�n� �p�e�r�f�o�r�m�a�n�c�e� �c�o�n�f�i�r�m�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �a�n� �8�9�%� 

�d�e�c�r�e�a�s�e� �i�n� �c�o�s�t� �i�n� �C�a�s�e� �4�.� �O�v�e�r�a�l�l�,� �e�m�p�l�a�c�e�m�e�n�t� �c�o�s�t�s� �f�o�r� �C�a�s�e� �4� �d�e�c�r�e�a�s�e� �b�y� �7�1�%�.� 

�-� �L�a�s�t�l�y�,� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� �s�y�s�t�e�m�s� �c�a�t�e�g�o�r�y� �i�n�c�l�u�d�e� �s�u�p�p�l�y� �s�y�s�t�e�m�s� �f�a�c�i�l�i�t�i�e�s�,� 

�u�t�i�l�i�t�i�e�s�,� �a�n�d� �m�o�n�i�t�o�r�i�n�g�.� �C�o�s�t� �f�o�r� �t�h�i�s� �c�a�t�e�g�o�r�y� �i�n�c�r�e�a�s�e�d� �b�y� �9�%� �i�n� �C�a�s�e� �4�.� 

�O�v�e�r�a�l�l�,� �t�h�e� �t�o�t�a�l� �c�o�s�t� �f�o�r� �C�a�s�e� �4� �i�s� �l�o�w�e�r� �t�h�a�n� �f�o�r� �C�a�s�e� �1�.� �T�h�i�s� �m�a�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� 

�l�a�r�g�e�r� �s�i�z�e� �a�n�d� �b�e�t�t�e�r� �q�u�a�l�i�t�y� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �l�a�r�g�e�r� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �r�e�q�u�i�r�e� �m�o�r�e� 

�e�x�c�a�v�a�t�i�o�n�,� �t�h�e� �s�a�v�i�n�g�s� �a�r�e� �m�a�n�i�f�e�s�t�e�d� �i�n� �t�h�e� �l�o�w�e�r� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �t�o� �b�e� �e�m�p�l�a�c�e�d�,� �t�h�e� 

�s�m�a�l�l�e�r� �a�r�e�a� �t�o� �b�e� �b�a�c�k�f�i�l�l�e�d�,� �a�n�d� �t�h�e� �a�b�s�e�n�c�e� �o�f� �b�o�r�e�h�o�l�e�s�.� 
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�4�.�3� �C�a�s�e� �2� �v�e�r�s�u�s� �C�a�s�e� �3� 

�T�h�e� �t�o�t�a�l� �l�i�f�e�-�c�y�c�l�e� �c�o�s�t� �f�o�r� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �C�a�s�e�s� �2� �a�n�d� �3� �i�s� �$�4�,�2�0�3� �m�i�l�l�i�o�n� �a�n�d� 

�$�4�,�8�3�4� �m�i�l�l�i�o�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �C�a�s�e�s� �2� �a�n�d� �3� �i�s� �$�6�3�1� �m�i�l�l�i�o�n�.� �T�h�e� �1�5�%� 

�d�i�f�f�e�r�e�n�c�e� �a�c�c�o�u�n�t�s� �f�o�r� �h�i�g�h�e�r� �c�o�s�t�s� �i�n� �t�h�e� �e�x�c�a�v�a�t�e�d� �m�a�t�e�r�i�a�l� �h�a�n�d�l�i�n�g�,� �b�o�r�e�h�o�l�e� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� 

�e�m�p�l�a�c�e�m�e�n�t� �c�a�t�e�g�o�r�i�e�s� �f�o�r� �C�a�s�e� �3�.� �T�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �c�o�s�t� �i�n�c�r�e�a�s�e�s� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �c�a�s�e�s� �i�s� �t�h�e� 

�s�a�m�e� �a�s� �f�o�r� �C�a�s�e�s� �|� �a�n�d� �4�.



�C�H�A�P�T�E�R� �5� 

�C�O�N�C�L�U�S�I�O�N� 

�T�h�i�s� �s�t�u�d�y� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �p�r�o�v�i�d�i�n�g� �a�n� �e�c�o�n�o�m�i�c� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�w�o� �n�u�c�l�e�a�r� �r�e�p�o�s�i�t�o�r�y� 

�u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t� �d�e�s�i�g�n� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �a� �b�a�s�e�l�i�n�e� �v�e�r�s�u�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� 

�a�s� �i�t� �p�e�r�t�a�i�n�s� �t�o� �c�o�m�m�e�r�c�i�a�l� �s�p�e�n�t� �f�u�e�l�.� �D�e�f�e�n�s�e� �c�o�s�t�s� �i�n�c�u�r�r�e�d� �b�y� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �o�f� �d�e�f�e�n�s�e� �h�i�g�h�-� 

�l�e�v�e�l� �w�a�s�t�e� �w�e�r�e� �n�o�t� �w�i�t�h�i�n� �t�h�e� �s�c�o�p�e� �o�f� �t�h�i�s� �s�t�u�d�y�.� �I�n� �t�h�e� �b�a�s�e�l�i�n�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�,� �v�e�r�t�i�c�a�l� 

�b�o�r�e�h�o�l�e�s� �w�i�l�l� �b�e� �b�o�r�e�d� �i�n�t�o� �t�h�e� �f�l�o�o�r� �o�f� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s� �i�n�t�o� �w�h�i�c�h� �t�h�e� �w�a�s�t�e� �p�a�c�k�a�g�e� �w�i�l�l� �b�e� 

�i�n�s�e�r�t�e�d�.� �I�n� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�,� �l�a�r�g�e� �m�u�l�t�i�-�b�a�r�r�i�e�r� �(�M�u�l�t�i�-�P�u�r�p�o�s�e� �C�a�n�i�s�t�e�r�s�,� �M�P�C�)� 

�w�a�s�t�e� �p�a�c�k�a�g�e�s� �w�o�u�l�d� �b�e� �p�l�a�c�e�d� �i�n� �t�h�e� �o�p�e�n� �i�n�s�i�d�e� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s�.� �N�o� �s�p�e�c�i�a�l� �b�o�r�e�h�o�l�e�s� �w�o�u�l�d� 

�b�e� �c�o�n�s�t�r�u�c�t�e�d� �t�o� �i�s�o�l�a�t�e� �i�n�d�i�v�i�d�u�a�l� �w�a�s�t�e� �p�a�c�k�a�g�e�s� �f�r�o�m� �t�h�e� �t�r�a�v�e�l�w�a�y� �i�n�s�i�d�e� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�.� 

�T�h�e� �c�r�i�t�e�r�i�a� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s� �a�r�e�:� �n�u�m�b�e�r� �o�f� 

�d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s�,� �s�i�z�e� �o�f� �b�o�r�e�h�o�l�e�s�,� �A�r�e�a�l� �P�o�w�e�r� �D�e�n�s�i�t�y� �(�A�P�D�)�,� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �d�i�s�p�o�s�a�l� 

�c�o�n�t�a�i�n�e�r�s�,� �a�n�d� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� 

�s�p�e�n�t� �f�u�e�l� �r�e�c�e�i�v�e�d� �a�t� �t�h�e� �r�e�p�o�s�i�t�o�r�y�.� �T�h�e� �q�u�a�n�t�i�t�y� �o�f� �s�p�e�n�t� �f�u�e�l� �r�e�c�e�i�v�e�d� �a�t� �t�h�e� �r�e�p�o�s�i�t�o�r�y� �w�a�s� �b�a�s�e�d� �o�n� 

�t�h�e� �n�o�-�n�e�w�-�o�r�d�e�r�s� �p�r�o�j�e�c�t�i�o�n�.� �T�h�e� �n�o�-�n�e�w�-�o�r�d�e�r�s� �p�r�o�j�e�c�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� �n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t�s� �t�h�a�t� �a�r�e� 

�c�u�r�r�e�n�t�l�y� �o�p�e�r�a�t�i�n�g� �o�r� �a�r�e� �u�n�d�e�r� �c�o�n�s�t�r�u�c�t�i�o�n�.� �T�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�n�t� �f�u�e�l� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �f�o�r� �t�h�e� 

�b�a�s�e�l�i�n�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s� �i�s� �4�3�,�9�2�1� �a�n�d� �1�1�,�3�0�9�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �n�u�m�b�e�r� �o�f� 

�D�H�L�W� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �i�s� �1�8�,�0�5�0� �a�n�d� �4�,�5�1�3� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �s�i�z�e� �o�f� �b�o�r�e�h�o�l�e�s� �o�n�l�y� �a�p�p�l�i�e�s� �t�o� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �s�i�n�c�e� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �a�r�e� 

�p�l�a�c�e�d� �a�l�o�n�g� �s�i�d�e� �t�h�e� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�s� �i�n� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�.� �T�h�e� �A�P�D� �r�e�f�e�r�s� �t�o� 

�t�h�e� �m�a�x�i�m�u�m� �p�o�w�e�r� �d�e�n�s�i�t�y� �a�l�l�o�w�e�d� �p�e�r� �a�c�r�e� �(�K�i�l�o�w�a�t�t� �p�e�r� �a�c�r�e�,� �K�w�/�a�c�r�e�)� �a�n�d� �i�t� �d�e�p�e�n�d�s� �o�n� �t�h�e� �h�e�a�t� 

�o�u�t�p�u�t� �o�f� �t�h�e� �w�a�s�t�e�s� �i�n� �t�h�e� �r�e�p�o�s�i�t�o�r�y�.� �T�h�i�s� �s�t�u�d�y� �u�s�e�d� �a� �m�a�x�i�m�u�m� �a�n�n�u�a�l� �A�P�D� �o�f� �5�7� �K�w�/�a�c�r�e� �f�o�r� 
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�b�o�t�h� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s�.� �T�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� 

�d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �t�h�a�t� �c�a�n� �b�e� �e�m�p�l�a�c�e�d� �i�n� �e�a�c�h� �e�m�p�l�a�c�e�m�e�n�t� �d�r�i�f�t�.� �A� �d�i�s�t�a�n�c�e� �o�f� �1�5� �a�n�d� �5�2� �f�e�e�t� �f�o�r� 

�t�h�e� �s�p�e�n�t� �f�u�e�l� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� 

�D�H�L�W� �i�s� �p�l�a�c�e�d� �e�x�a�c�t�l�y� �b�e�t�w�e�e�n� �s�p�e�n�t� �f�u�e�l� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s� �a�t� �7�.�5� �f�e�e�t� �i�n� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �a�n�d� 

�2�1� �f�e�e�t� �i�n� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t�.� �F�i�n�a�l�l�y�,� �t�h�e� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �r�e�f�e�r�s� �t�o� �t�h�e� �t�i�m�e� �i�n� �w�h�i�c�h� �t�e�s�t�s� �a�r�e� 

�t�o� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �r�e�p�o�s�i�t�o�r�y� �i�s� �p�e�r�f�o�r�m�i�n�g� �a�s� �e�x�p�e�c�t�e�d�.� �D�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �w�a�s�t�e�s� �m�a�y� 

�b�e� �r�e�q�u�i�r�e�d� �t�o� �b�e� �r�e�t�r�i�e�v�e�d� �o�n� �a� �r�e�a�s�o�n�a�b�l�e� �s�c�h�e�d�u�l�e� �s�t�a�r�t�i�n�g� �a�n�y� �t�i�m�e� �a�f�t�e�r� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t� 

�O�p�e�r�a�t�i�o�n�s� �a�r�e� �i�n�i�t�i�a�t�e�d�.� �T�h�e� �r�e�t�r�i�e�v�a�b�i�l�i�t�y� �p�e�r�i�o�d� �f�o�r� �t�h�e� �b�a�s�e�l�i�n�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s� 

�i�s� �5�0� �a�n�d� �1�0�0� �y�e�a�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A� �c�o�m�p�u�t�e�r� �m�o�d�e�l� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �r�e�p�o�s�i�t�o�r�y� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �c�o�s�t�s� 

�(�U�R�C�O�S�T�)�.� �U�R�C�O�S�T� �i�s� �a� �L�o�t�u�s� �1�-�2�-�3� �s�p�r�e�a�d�s�h�e�e�t� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �d�e�v�e�l�o�p�m�e�n�t�,� 

�O�p�e�r�a�t�i�n�g�,� �a�n�d� �c�l�o�s�u�r�e� �c�o�s�t�s� �w�h�i�c�h� �o�c�c�u�r� �a�t� �t�h�e� �r�e�p�o�s�i�t�o�r�y� �h�o�r�i�z�o�n�.� �U�R�C�O�S�T� �u�s�e�s� �d�e�s�i�g�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 

�a�n�d� �o�t�h�e�r� �a�s�s�u�m�p�t�i�o�n�s� �t�o� �c�a�l�c�u�l�a�t�e� �c�o�s�t�s� �o�n� �a�n� �a�n�n�u�a�l� �b�a�s�i�s� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�s�t� �c�a�t�e�g�o�r�i�e�s�:� 

�e�x�c�a�v�a�t�i�o�n�,� �e�x�c�a�v�a�t�e�d� �n�u�t�e�r�i�a�l� �h�a�n�d�l�i�n�g�,� �g�e�n�e�r�a�l� �m�a�i�n�t�e�n�a�n�c�e�,� �b�o�r�e�h�o�l�e� �d�e�v�e�l�o�p�m�e�n�t�,� �e�m�p�l�a�c�e�m�e�n�t�,� 

�a�n�d� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� �s�y�s�t�e�m�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �U�R�C�O�S�T� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �t�o�t�a�l� �c�o�s�t� �o�f� �u�n�d�e�r�g�r�o�u�n�d� 

�f�a�c�i�l�i�t�i�e�s� �b�y� �p�h�a�s�e�.� �T�h�e�s�e� �p�h�a�s�e�s� �i�n�c�l�u�d�e�:� �c�o�n�s�t�r�u�c�t�i�o�n�,� �e�m�p�l�a�c�e�m�e�n�t�,� �c�a�r�e�t�a�k�e�r�,� �a�n�d� �c�l�o�s�u�r�e� �a�n�d� 

�d�e�c�o�m�m�i�s�s�i�o�n�i�n�g�.� �T�h�e� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s� �a�r�e� �o�f� �d�i�f�f�e�r�e�n�t� �l�i�f�e� �s�p�a�n�.� �T�h�e� 

�l�i�f�e�-�c�y�c�l�e� �o�f� �t�h�e� �b�a�s�e�l�i�n�e� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�s� �i�s� �7�3� �a�n�d� �1�2�3� �y�e�a�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� 

�d�e�f�e�n�s�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� �c�o�s�t� �i�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �a� �c�o�s�t�-�s�h�a�r�i�n�g� �f�a�c�t�o�r�.� �D�e�f�e�n�s�e� �c�o�s�t�s� �a�r�e� �e�s�t�i�m�a�t�e�d� 

�a�s� �a� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �e�x�c�a�v�a�t�i�o�n� �t�o�n�n�a�g�e� �b�a�s�e�d� �o�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �D�H�L�W� �d�i�s�p�o�s�a�l� �c�o�n�t�a�i�n�e�r�s�.� 

�T�h�i�s� �m�e�t�h�o�d�o�l�o�g�y� �w�a�s� �n�o�t� �c�o�v�e�r�e�d� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� 

�S�i�n�c�e� �t�h�e� �t�w�o� �c�o�n�c�e�p�t�s� �a�r�e� �o�f� �u�n�e�q�u�a�l� �l�i�v�e�s�,� �a� �d�i�r�e�c�t� �c�o�m�p�a�r�i�s�o�n� �c�o�u�l�d� �n�o�t� �b�e� �m�a�d�e�.� �T�h�e� 

�s�t�u�d�y� �d�e�t�e�r�m�i�n�e�d� �f�o�u�r� �c�a�s�e�s� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �c�o�m�p�a�r�e� �t�h�e� �t�w�o� �a�l�t�e�r�n�a�t�i�v�e�s�.� �C�a�s�e� �1� �e�v�a�l�u�a�t�e�d� �t�h�e� 

�3�0



�b�a�s�e�l�i�n�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �a�t� �i�t�s� �r�e�s�p�e�c�t�i�v�e� �l�i�f�e� �c�y�c�l�e� �o�f� �7�3� �y�e�a�r�s�.� �L�i�k�e�w�i�s�e�,� �C�a�s�e� �2� �e�v�a�l�u�a�t�e�d� �t�h�e� 

�a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �a�t� �i�t�s� �r�e�s�p�e�c�t�i�v�e� �l�i�f�e� �c�y�c�l�e� �o�f� �1�2�3� �y�e�a�r�s�.� �F�o�r� �c�o�m�p�a�r�i�s�o�n� �p�u�r�p�o�s�e�s�,� 

�C�a�s�e� �4� �e�v�a�l�u�a�t�e�d� �t�h�e� �b�a�s�e�l�i�n�e� �c�o�n�c�e�p�t� �a�t� �1�2�3� �y�e�a�r�s�,� �a�n�d� �C�a�s�e� �4� �e�v�a�l�u�a�t�e�d� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �c�o�n�c�e�p�t� �a�t� �7�3� 

�y�e�a�r�s�.� 

�T�h�e� �t�o�t�a�l� �c�o�s�t� �f�o�r� �C�a�s�e� �1� �i�s� �$�4�,�2�4�0�M�,� �f�o�r� �C�a�s�e� �2� �i�s� �$�4�,�2�0�3�M�,� �f�o�r� �C�a�s�e� �3� �i�s� �$�4�,�8�3�4�M�,� �a�n�d� �f�o�r� 

�C�a�s�e� �4� �i�s� �$�3�,�5�5�5�M� �i�n� �1�9�9�5� �c�o�n�s�t�a�n�t� �d�o�l�l�a�r�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �i�n� �a�l�l� �c�a�s�e�s� �t�h�e� �m�a�i�n� �c�o�s�t� 

�d�r�i�v�e�r�s� �w�e�r�e� �t�h�e� �e�x�c�a�v�a�t�i�o�n� �a�n�d� �t�h�e� �u�n�d�e�r�g�r�o�u�n�d� �s�e�r�v�i�c�e� �s�y�s�t�e�m�s� �c�a�t�e�g�o�r�i�e�s�.� �W�h�e�n� �c�o�m�p�a�r�i�n�g� �t�h�e� 

�e�q�u�a�l� �l�i�v�e�s� �c�a�s�e�s�,� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t� �p�r�o�v�e�d� �t�o� �b�e� �m�o�s�t� �f�a�v�o�r�a�b�l�e� �b�y� �1�9�%� �a�n�d� �1�5�%�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �t�h�e� �7�3� �a�n�d� �1�2�3� �y�e�a�r�s� �l�i�f�e�-�c�y�c�l�e�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �l�a�r�g�e�r� �s�i�z�e� �a�n�d� 

�b�e�t�t�e�r� �q�u�a�l�i�t�y� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �l�a�r�g�e�r� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �r�e�q�u�i�r�e� �m�o�r�e� �e�x�c�a�v�a�t�i�o�n�,� �t�h�e� 

�s�a�v�i�n�g�s� �a�r�e� �m�a�n�i�f�e�s�t�e�d� �i�n� �t�h�e� �l�o�w�e�r� �n�u�m�b�e�r� �o�f� �w�a�s�t�e� �c�o�n�t�a�i�n�e�r�s� �t�o� �b�e� �e�m�p�l�a�c�e�d�,� �t�h�e� �s�m�a�l�l�e�r� �a�r�e�a� �t�o� �b�e� 

�b�a�c�k�f�i�l�l�e�d�,� �a�n�d� �t�h�e� �a�b�s�e�n�c�e� �o�f� �b�o�r�e�h�o�l�e�s� �i�n� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �e�m�p�l�a�c�e�m�e�n�t� �c�o�n�c�e�p�t�.� �T�h�e� �t�o�t�a�l� �c�o�s�t� �f�o�r� �t�h�e� 

�t�w�o� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�i�e�s� �a�l�t�e�r�n�a�t�i�v�e�s� �c�o�n�s�t�i�t�u�t�e� �a� �m�a�n�a�g�e�m�e�n�t� �d�e�c�i�s�i�o�n� �n�u�m�b�e�r�.� �B�a�s�e�d� �o�n� �t�o�t�a�l� �c�o�s�t�,� 

�t�h�e� �r�e�c�o�m�m�e�n�d�e�d� �n�u�c�l�e�a�r� �w�a�s�t�e� �e�m�p�l�a�c�e�m�e�n�t� �u�n�d�e�r�g�r�o�u�n�d� �f�a�c�i�l�i�t�y� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �t�h�e� �I�n�-�D�r�i�f�t� �c�o�n�c�e�p�t�.� 

�T�h�i�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �m�a�d�e� �f�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �r�e�p�o�r�t� �a�n�d� �d�o�e�s� �n�o�t� �r�e�p�r�e�s�e�n�t� �a�n�y� �p�o�s�i�t�i�o�n� �o�n� �t�h�e� 

�p�a�r�t� �o�f� �t�h�e� �U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �E�n�e�r�g�y� �(�D�O�E�)�.� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �w�a�s� �b�a�s�e�d� �u�p�o�n� �a�s�s�u�m�p�t�i�o�n�s� �a�t� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �s�t�a�g�e� �f�o�r� �b�o�t�h� �e�m�p�l�a�c�e�m�e�n�t� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �F�u�t�u�r�e� �a�n�a�l�y�s�e�s� �s�h�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d� �a�s� �m�o�r�e� �r�e�f�i�n�e�d� �d�a�t�a� �b�e�c�o�m�e�s� �a�v�a�i�l�a�b�l�e�.� �T�h�e�s�e� 

�d�a�t�a� �w�i�l�l� �e�v�o�l�v�e� �a�s� �t�h�e� �p�r�o�j�e�c�t� �p�r�o�g�r�e�s�s�e�s� �t�h�r�o�u�g�h� �i�t�s� �l�i�f�e�-�c�y�c�l�e� �s�t�a�g�e�s�.� 
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�C�H�A�P�T�E�R� �6� 

�R�E�F�E�R�E�N�C�E�S� 

�B�E�N�J�A�M�I�N� �S�.� �B�L�A�N�C�H�A�R�D� �A�N�D� �W�O�L�T�E�R� �J�.� �F�A�B�R�Y�C�K�Y�.� �1�9�9�0�.� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �a�n�d� 
�A�n�a�l�y�s�i�s�.� �E�n�g�l�e�w�o�o�d�,� �N�J� 

�S�A�N�D�I�A� �(�S�a�n�d�i�a� �N�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�i�e�s�)�.� �1�9�8�7�.� �S�i�t�e� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �P�l�a�n� �-� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �R�e�p�o�r�t�,� 
�S�C�P�-�C�D�R�.� �S�A�N�D�-�8�4�-�2�6�4�1� �-� �V�o�l�.� �2�.� �A�l�b�u�q�u�e�r�q�u�e�,� �N�M�.� 

�S�A�N�D�I�A� �(�S�a�n�d�i�a� �N�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�i�e�s�)�.� �1�9�8�6�.� �D�i�s�p�o�s�a�l� �o�f� �R�a�d�i�o�a�c�t�i�v�e� �W�a�s�t�e� �P�a�c�k�a�g�e�s� �i�n� �V�e�r�t�i�c�a�l� 
�B�o�r�e�h�o�l�e�s� �-� �A� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �O�p�e�r�a�t�i�o�n�s� �a�n�d� �E�q�u�i�p�m�e�n�t� �f�o�r� �E�m�p�l�a�c�e�m�e�n�t� �a�n�d� �R�e�t�r�i�e�v�a�l�.� 
�A�l�b�u�q�u�e�r�q�u�e�,� �N�M� 

�S�A�N�D�I�A� �(�S�a�n�d�i�a� �N�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y�)�.� �1�9�9�0�.� �M�R�S� �S�y�s�t�e�m� �S�t�u�d�y� �f�o�r� �t�h�e� �R�e�p�o�s�i�t�o�r�y� �A�l�b�u�q�u�e�r�q�u�e�,� 
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