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A RELIABILITY PROGRAM 

FOR NUCLEAR POWER PLANT 

EMERGENCY DIESEL GENERATORS 

by 

Kenneth J. Peters 

Committee Chairman: B. S. Blanchard 

Systems Engineering 

(ABSTRACT) 

This report demonstrates the use of MIL-STD-785B, 

Military Standard - Reliability Program for Systems and 

Equipment Development and Production. A reliability program 

is developed for nuclear power plant Emergency Diesel 

Generators in accordance with MIL-STD-785B requirements. 

The United States Nuclear Regulatory Commission has stated 

that a diesel generator reliability program is necessary to 

resolve outstanding safety issues. The plan proposed uses 

the Indian Point 3 Nuclear Power Plant Emergency Diesel 

Generator configuration for illustration purposes.
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CHAPTER 1 

INTRODUCTION 

Most commercial nuclear power plants in the United 

States use Emergency Diesel Generator (EDG) units to supply 

alternating current (ac) power to safety related equipment 

if normal plant ac power is not available. Normal plant ac 

power generally comes from the offsite utility distribution 

network, or from the plant’s main generator. As the backup 

ac power source, EDGs must be highly reliable. A "station 

blackout" (SBO) would occur if there were no ac power 

available to operate the plant’s equipment. Diesel 

reliability is a U.S. Nuclear Regulatory Commission (NRC) 

"Generic Safety Issue" which plays a large part in the NRC 

resolution of the SBO issue. 

To support the resolution of Generic Safety Issue B-56, 

"Diesel Reliability," the NRC has established the need for 

an Emergency Diesel Generator reliability program. The 

NRC’s position is "the reliable operation of onsite 

emergency ac power sources should be ensured by a 

reliability program designed to maintain and monitor 

the reliability level of each power source over time 

for assurance that selected reliability levels are being 

achieved." [1] The program the NRC desires is an ongoing 

reliability assessment to determine system weaknesses and 

take corrective actions. This program would be aimed at the 

Emergency Diesels already in operation at the United States’



one hundred and eight operating nuclear plants. [2] The 

program desired by the NRC does not seem to recognize that 

reliability is an inherent design characteristic. A true 

reliability program is one that begins at the beginning of 

a system’s development, with the identification of a need 

for a system. This is not meant to imply that changes 

in operating and maintenance practices, or system 

modifications, can not enhance system performance and 

reliability; they can. However, the optimum time (and 

most cost effective) to incorporate system reliability 

requirements into any system or program is at the beginning 

of system development. The program described herein is a 

reliability program that begins with the identification of 

a need, and provides reliability requirements and tasks for 

each phase of system development. This reliability program 

is based on the requirements of MIL-STD-785B, "Military 

Standard - Reliability Program for Systems and Equipment 

Development and Production."



The Indian Point 3 Nuclear Power Plant 

The Indian Point 3 Nuclear Power Plant (IP3) is owned 

and operated by the New York Power Authority (NYPA). NYPA 

is a state agency, founded in 1931 to assure that the 

hydroelectric resources of the St. Lawrence River were 

utilized for the benefit of the entire State of New York. 

NYPA also owns and operates the James A. Fitzpatrick (JAF) 

Nuclear Power Plant near Oswego, New York, adjacent to Lake 

Ontario. 

The Indian Point site is on the east bank of the Hudson 

River, in Buchanan, New York, twenty four miles north of 

New York City. Indian Point contains three nuclear plants. 

Indian Point units 1 (no longer active) and 2 are owned and 

operated by Consolidated Edison (Con Ed). Indian Point 3 is 

a 965 megawatt pressurized water reactor power plant. IP3 

was acquired by NYPA from Con Ed on December 31, 1975, and 

began commercial operation in August of 1976. 

During normal plant operation at IP3, ac power is 

supplied to the plant’s equipment through the unit auxiliary 

transformer. Standby power can be supplied from the 

Buchanan substation, by way of various lines, to the station 

auxiliary transformer. There are also standby gas turbine 

generators connected to various points of the power 

distribution system. Figure 1 shows a simplified schematic 

of the IP3 electrical distribution system.
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If all of the standby sources of power should fail, 

IP3 has three emergency diesel generator sets as sources 

of onsite emergency power. The Emergency Diesels provide 

a reliable source of backup power to essential 480V bus 

equipment. This essential equipment includes that required 

for safe reactor shutdown following a loss of normal ac 

power and the safeguards equipment required to limit the 

consequences of a loss-of-coolant accident. Any two of the 

three Emergency Diesels are capable of allowing the plant to 

be controlled under the worst possible accident conditions. 

Each EDG set consists of an Alco engine coupled to a 

Westinghouse 900 rpm, 3 phase, 60 cycle, 480 volt generator. 

[3] The diesels are rated at 1750 kw. [4] The diesels 

are located in a heated, tornado-proof, reinforced concrete 

building adjacent to the plant control building. There are 

internal walls in the diesel building to separate the three 

EDGs and associated circuitry from each other for fire 

protection. 

There is an additional diesel generator onsite that 

consists of an Alco engine coupled to a Kato 900 rpm, 3 

phase, 60 cycle, 6900 volt generator. [5] This generator 

was added to the site to respond to the NRC fire protection 

rule (10 CFR 50, Appendix R). This generator is not 

Classified as an Emergency Diesel Generator, but would 

be used as an alternate ac power source in the event of a 

Station Blackout.



The following systems are EDG support systems: 

o Lube oil system 

o Diesel fuel oil system 

o Jacket water cooling system 

o Diesel engine starting air system 

o Instrumentation and control systems 

Each EDG is automatically started by either one of two 

redundant air motors. Each unit has its own air receiver, 

with sufficient air for four starts. The diesels are 

equipped with water jacket and lube oil heating, anda 

pre-lube pump to circulate oil when the unit is not running. 

Fuel oil for each EDG is stored in a 7700 gallon 

underground tank. In addition, each diesel has its own 

small fuel storage (day) tank that feeds the fuel oil pump 

on the engine. Each day tank is automatically filled from 

an underground tank when the volume reaches a predetermined 

level. 

Each EDG is started upon: (1) initiation of safety 

injection operation, or (2) an undervoltage condition on 

its associated bus. On a bus undervoltage signal, the EDG 

starts, the normal bus power supply breakers open, the EDG 

output breaker closes, and critical reactor plant components 

such as auxiliary feedwater, service water, and component 

cooling pumps are reenergized. Each unit can be started 

within ten seconds and fully loaded within sixty seconds.



Objective 

The objective of this report is to describe a 

reliability program for nuclear power plant Emergency Diesel 

Generators. The NRC has determined that such a program is 

required, in order to minimize the probability of a nuclear 

plant experiencing a loss of all sources of ac power. As 

is generally the case in the U.S. nuclear power industry, 

new regulatory positions and requirements are being placed 

on systems already in operation. However, reliability is 

an inherent design characteristic, and is one of the 

design-related specialties that must be integrated properly 

into the overall Systems Engineering process for system 

development. Systems Engineering has been defined as: 

The application of scientific and engineering 
efforts to (1) transform an operational need into 
a description of system performance parameters and 
a preferred system configuration through the use 
of an iterative process of functional analysis, 
synthesis, optimization, definition, design, test 
and evaluation; (2) integrate related technical 
parameters and assure capability of all physical, 
functional, and program interfaces in a manner 
that optimizes the total system definition 
and design; and (3) integrate reliability, 
maintainability, logistic support, safety, 
roducibility, security, survivability, structural 

integrity, human factors, and other related 
specialties into the total engineering effort. [6] 

This report assumes that a new nuclear power plant is 

being built, and the power plant construction includes the 

installation of an emergency diesel generator system. The 

reliability program developed will follow the guidelines



of MIL-STD-785B, Military Standard - Reliability Program 

for Systems and Equipment Development and Production, not 

the program format described by the NRC. The reliability 

program described in this report applies to each phase 

of the diesel system life cycle, particularly the design 

phases; the NRC program describes efforts that are to start 

in the system utilization phase. The reliability tasks of 

MIL-STD-785B are described in the report. These tasks are 

applicable to a new system undergoing development. However, 

the examples used to illustrate the tasks of MIL-STD-785B 

are based on the system configuration of IP3, a power plant 

that is already in operation. The calculations used to 

illustrate tasks like reliability prediction are based on 

a compilation of data reported to the NRC by a number of 

utilities. 

MIL-STD-785B provides general requirements and specific 

tasks for reliability programs during equipment development, 

production, and initial deployment. The intent of 

MIL-STD-785B is to "(1) improve operational readiness and 

mission success of the major end-item; (2) reduce item 

demand for maintenance manpower and logistic support; (3) 

provide essential management information; and (4) hold down 

its own impact on overall program cost and schedule." [7] 

The reliability program tasks identified by 

MIL-STD-785B are divided into three sections: Section 100, 

Program Surveillance and Control; Section 200, Design and



Evaluation; and Section 300, Development and Production 

Testing. Within these three sections are 18 separate tasks, 

numbered 101 through 304. These subtasks are used to tailor 

reliability requirements in the most cost effective manner 

that meets established program objectives. It is important 

to coordinate task requirements with other engineering 

groups, such as Logistic Support and System Safety, to 

minimize task duplication. [8] 

Although the numbering of the tasks by MIL-STD-785B 

is the general progression of reliability program tasks, 

this order may be changed, and not all tasks delineated 

by MIL-STD-785B will be necessary for each specific 

application. Figure 2 presents reliability requirements 

as they apply to the various phases of a system life cycle. 

Figure 2 shows that the application of reliability efforts, 

like Systems Engineering efforts in general, is very 

iterative in nature.
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Identification of Need 

The need for a diesel reliability program is the NRC 

mandate that a diesel reliability program is required. The 

NRC’s purpose in requiring an EDG reliability program is 

to minimize the probability of nuclear plants experiencing 

a loss of all ac power. The following are the principle 

elements of the reliability program, as the NRC envisions 

the program. The elements, and the information describing 

each element of the program, are taken from U.S. NRC 

Regulatory Guide 1.9, proposed revision 3 (dated November, 

1988). 

Diesel generator reliability 

An operational assessment of diesel generator 

reliability would be calculated as follows: 

R = (start reliability) x (load-run reliability) 

Start reliability is defined as the number of successful 

starts divided by the number of valid start demands. 

Load-run reliability is defined as the number of successful 

load-runs divided by the number of valid demands to 

load. This calculation would be performed for a period of 

about two years or less. This is not the definition of 

reliability that the program described starting in Chapter 2 

uses. When the program described in Chapter 2 and following
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uses the term reliability (R), this means R = e\t 

is calculated for a period of 154,800 hours, \ is the 

failure rate, and t is the time. In this case, R is the 

probability that the system will operate without a failure 

for the specified time (154,800 hours). 

Analysis of surveillance needs 

The NRC defines surveillance as all failure detection, 

in-plant reliability information gathering, and condition 

monitoring activities. The surveillance strategy for the 

diesels should be the result of analysis of the surveillance 

needs. The surveillance plan should define the parameters 

to be monitored, the types of surveillance to be employed, 

and the intervals for each type of surveillance. 

Performance monitoring 

A diesel generator reliability program should specify 

how to monitor diesel generator performance over time, using 

trending of operational and surveillance data. Performance 

monitoring should include both condition monitoring and 

reliability monitoring. Condition monitoring would entail 

tracking such data as lube oil pressure or water jacket 

outlet temperature. Reliability monitoring would include 

tracking of data such as failure modes, repair frequency, 

and repair times.
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Maintenance program 

The maintenance policy is needed for a satisfactory 

preventive maintenance program, an acceptable spare parts 

inventory, and input of necessary data into review functions 

such as failure analysis. Preventive maintenance should 

serve to reduce the number of catastrophic failures and 

reduce the long-term degradation of equipment caused by 

aging. One approach to maintenance would be a reliability 

centered maintenance (RCM) approach, where the maintenance 

performed is based on the outcome of a Failure Modes, 

Effects, and Criticality Analysis. 

Failure analysis and root cause investigation 

The diesel generator reliability program should contain 

a structured approach to reduce problems to correctable 

causes. A root cause investigation should be very 

methodical, to ensure the determination of a root cause 

which may be several layers below the visible symptoms. 

Formal problem closeout 

A formal problem closeout procedure is intended to 

ensure that effective solutions to detected problems are 

devised and implemented in a timely manner. The solution 

should correct the reliability problem without creating any
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new reliability problems. The problem closeout procedure 

should provide for any additional monitoring activities 

deemed necessary. 

Data collection and utilization 

The reliability program should have a data gathering, 

storage, and retrieval system which can support all of the 

reliability program tasks. The data should support the 

assessment of the reliability programs goals and targets. 

Responsibilities and management controls 

The reliability program should have clear line 

responsibilities and management controls which identify 

the individual responsible for implementation and operation 

of the diesel generator reliability program. The 

implementation and operation of the reliability program 

should enjoy the full support of plant management. 

The requirement for a diesel generator reliability 

program has been determined by the NRC to be a necessary 

part of the resolution to the issue of Station Blackout, 

to minimize the probability of a Station Blackout event. A 

Regulatory Guide (Reg. Guide) is not a regulation or rule 

in and of itself. It is an NRC staff accepted method for
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meeting regulatory requirements. The reliability program 

described herein does not follow the format of Reg. 

Guide 1.9, but describes a different approach to an EDG 

reliability program. The prime objective of this report is 

to demonstrate the applicability of MIL-STD-785B to nuclear 

power plant Emergency Diesel Generators, assuming the EDG 

system is a new system. In order to adequately design and 

plan for system reliability, a reliability program similar 

to this must be developed for a new system or equipment, 

starting at the beginning of the system life cycle. This 

program would be one small part of the overall systems 

engineering process for the development of a new nuclear 

power plant. 

At the top level of a determination to build a new 

nuclear power plant is a statement of need and a feasibility 

analysis. At the very top level of this project, the need 

would be a utility’s need for more generating capacity. A 

feasibility study would include a look at all alternatives, 

including oil and gas fired plants, hydroelectric plants, 

and nuclear plants, as well as purchasing power from some 

other generator. Fundamental to the decision as to the type 

of plant to construct (or power to purchase), as it is to 

all aspects of systems engineering, is the life-cycle cost 

approach. Life-cycle cost can be thought of as "...all 

costs associated with the system or product as applied 

to the defined life cycle." [9] It is imperative that
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life-cycle cost is emphasized early in the process of system 

development because a major portion of life-cycle costs are 

determined by decisions made early in system planning and 

design (see figure 3). While it does not seem likely given 

the current political atmosphere, assume that the decision 

is to construct a nuclear power plant. Nuclear power may be 

a viable option in the future, due to the need for increased 

generating capacity, and growing environmental concerns 

regarding coal-fired plants. 

The next defined need, relative to electrical system 

design, would be the need for the power plant overall 

electrical system design, including allocation of 

reliability to various electrical distribution subsystems. 

Next would come the need for emergency ac power sources, 

which could be: emergency diesel generators, batteries with 

motor-generator sets, gas turbine generators, or any other 

type of standby power supply conceivable. Again, life-cycle 

cost should play a very large part in the decision-making 

process. The previous discussion points out the iterative 

nature of systems engineering efforts. For the purpose 

of the remainder of this report, it is assumed that diesel 

generators are chosen as the preferred emergency ac power 

source. 

The primary missions of the emergency diesel generator 

system are to (1) provide ac power promptly to engineered
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safety features should a loss of offsite power and an 

accident occur simultaneously, (2) supply power continuously 

to the equipment needed to maintain the plant ina safe 

condition if an extended loss of offsite power occurs, and 

(3) be capable of starting and accelerating a number of 

large motor loads in rapid succession while sustaining 

the loss of all or any part of such loads and maintaining 

voltage and frequency within acceptable limits. [10] 

The following requirements come from the General Design 

Criteria of Title 10 of the Code of Federal Regulations, 

Part 50, Appendix A. Diesel Generators (DG’s) should supply 

480 volt, 3 phase, 60 cycle ac power to the required buses. 

The particular configuration specified (1 of 2, 1 of 3, 

etc.) should be rated for at least 4000 kw. The DG’s should 

be capable of automatically starting and assuming full 

voltage and speed within ten seconds, and be fully loaded 

within sixty seconds. The majority of the loads will be 

large motors, so the DG’s should have a maximum voltage 

reduction of 25%, and a maximum frequency reduction of 5%, 

when starting such motors. The DG’s should be designed 

to be testable with the reactor plant in operation, such 

that an actual system demand is accurately simulated. DG 

instrumentation should be readily accessible and capable 

of being calibrated in place. All parameters monitored 

(voltage, frequency, operational status) and all alarm 

conditions (such as overspeed) shall have remote indications



�1�9� 

�i�n� �t�h�e� �c�e�n�t�r�a�l� �c�o�n�t�r�o�l� �r�o�o�m�.� 

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

�r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �M�I�L�-�S�T�D�-�7�8�5�B�.� �D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e� �d�i�e�s�e�l� 

�s�y�s�t�e�m�s� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �I�n�d�i�a�n� �P�o�i�n�t� 

�3� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�.� �P�r�o�c�e�d�u�r�e�s� �a�n�d� �s�t�a�f�f� �s�t�r�u�c�t�u�r�e�s� 

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

�I�P�3�.� �C�a�l�c�u�l�a�t�i�o�n�s� �u�s�e�d� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�a�s�k�s�,� �s�u�c�h� �a�s� �t�h�e� 

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

�r�e�p�o�r�t�e�d� �t�o� �t�h�e� �N�R�C� �b�y� �a� �n�u�m�b�e�r� �o�f� �u�t�i�l�i�t�i�e�s�.



�C�H�A�P�T�E�R� �2� 

�P�R�O�G�R�A�M� �S�U�R�V�E�I�L�L�A�N�C�E� �A�N�D� �C�O�N�T�R�O�L� 

�T�a�s�k� �s�e�c�t�i�o�n� �1�0�0� �o�f� �M�I�L�-�S�T�D�-�7�8�5�B�,� �"�P�r�o�g�r�a�m� �S�u�r�v�e�i�l�l�a�n�c�e� 

�a�n�d� �C�o�n�t�r�o�l�,�"� �i�d�e�n�t�i�f�i�e�s� �a�n�d� �q�u�a�n�t�i�f�i�e�s� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� 

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

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

�P�r�o�p�o�s�a�l�.�"� 

�I�n� �d�e�t�e�r�m�i�n�i�n�g� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� �i�t� �i�s� �e�s�s�e�n�t�i�a�l� 

�t�o� �a�s�s�e�m�b�l�e� �m�i�s�s�i�o�n� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� �(�s�p�e�c�i�f�i�e�d� 

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

�r�e�l�i�a�b�i�l�i�t�y�,� �a�n�d� �b�a�s�i�c� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s�.� �[�1�1�]� 

�O�n�c�e� �t�h�e� �s�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y� �h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d�,� 

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

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

�b�l�o�c�k� �d�i�a�g�r�a�m�s�.� �B�l�o�c�k� �d�i�a�g�r�a�m�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �e�a�c�h� 

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

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

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

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

�S�i�m�i�l�a�r� �i�t�e�m�s�,� �o�r� �e�n�g�i�n�e�e�r�i�n�g� �e�s�t�i�m�a�t�e�s�.� �A� �r�e�l�i�a�b�i�l�i�t�y� 

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

�f�o�r� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �a� �s�m�a�l�l� �p�a�r�t� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �s�y�s�t�e�m� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�2�0



�2�1� 

�R�e�l�i�a�b�i�l�i�t�y� �P�r�o�g�r�a�m� �P�l�a�n� 

�T�a�s�k� �1�0�1� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �1�0�1� �i�s� �t�o� �d�e�v�e�l�o�p� �a� �r�e�l�i�a�b�i�l�i�t�y� 

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

�p�r�o�g�r�a�m� �m�a�n�a�g�e�m�e�n�t� �t�a�s�k�s� �r�e�q�u�i�r�e�d� �t�o� �a�c�c�o�m�p�l�i�s�h� �p�r�o�g�r�a�m� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �[�1�2�]� �T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �p�l�a�n� �i�s� �a� �b�a�s�i�c� 

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

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

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

�r�e�q�u�i�r�e�d�,� �a�n�d� �f�o�c�u�s�e�s� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�e�n�t�i�o�n� �o�n� �t�h�e� �a�r�e�a� �o�f� 

�s�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y�.� 

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

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

�m�u�s�t� �g�o� �i�n�t�o� �t�h�e�  ��R�e�q�u�e�s�t� �f�o�r� �P�r�o�p�o�s�a�l�"� �i�n� �o�r�d�e�r� �t�o� �e�n�s�u�r�e� 

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

�f�i�v�e� �v�e�n�d�o�r�s� �w�i�t�h� �t�h�e� �m�o�s�t� �U�.�S�.� �n�u�c�l�e�a�r� �p�l�a�n�t� �E�D�G� �e�x�p�e�r�i�e�n�c�e� 

�a�r�e� �A�l�c�o�,� �C�o�o�p�e�r�-�B�e�s�s�e�m�e�r�,� �G�e�n�e�r�a�l� �M�o�t�o�r�s� �(�E�l�e�c�t�r�o�m�o�t�i�v�e� 

�D�i�v�i�s�i�o�n�)�,� �C�o�l�t� �(�F�a�i�r�b�a�n�k�s� �M�o�r�s�e� �D�i�v�i�s�i�o�n�)�,� �a�n�d� �N�o�r�d�b�e�r�g�.� 

�T�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m�s� �m�u�s�t� �s�a�t�i�s�f�y� �t�h�e� �G�e�n�e�r�a�l� �D�e�s�i�g�n� 

�C�r�i�t�e�r�i�a� �o�f� �1�0� �C�F�R� �P�a�r�t� �5�0� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�.� �E�a�c�h� 

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

�f�a�i�l�u�r�e� �(�M�T�B�F�)� �o�f� �n�o� �l�e�s�s� �t�h�a�n� �2�7�,�3�7�4� �h�o�u�r�s�.� �T�h�e� �p�r�o�j�e�c�t�e�d� 

�l�i�f�e�t�i�m�e� �o�f� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �i�s� �3�0� �y�e�a�r�s�.� �T�h�e� �d�i�e�s�e�l�s� �w�i�l�l� 

�b�e� �a�v�a�i�l�a�b�l�e� �i�n� �a� �s�t�a�n�d�b�y� �m�o�d�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�1�5� �d�a�y�s� �p�e�r� 

�y�e�a�r� �(�b�a�s�e�d� �o�n� �a� �6�0�%� �c�a�p�a�c�i�t�y� �f�a�c�t�o�r�)�,� �2�4� �h�o�u�r�s� �p�e�r� �d�a�y�.



�2�2� 

�R�e�l�i�a�b�i�l�i�t�y� �(�R�)� �i�s� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �d�i�e�s�e�l� �w�i�l�l� 

�o�p�e�r�a�t�e� �i�n� �t�h�e� �i�n�t�e�n�d�e�d� �m�a�n�n�e�r� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�,� �w�i�t�h� �n�o� 

�f�a�i�l�u�r�e�s� �f�o�r� �a� �g�i�v�e�n� �t�i�m�e� �p�e�r�i�o�d�.� �T�h�e� �p�e�r�i�o�d�,� �1�5�4�,�8�0�0� 

�h�o�u�r�s�,� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �(�3�0� �y�r�s�.� �x� �2�4� �h�r�s�.� 

�x�X� �2�1�5� �d�a�y�s�)�.� �T�h�e� �r�e�q�u�i�r�e�d� �M�T�B�F� �i�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� 

�e�q�u�a�t�i�o�n� �R� �=� �e� �A�t� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �M�T�B�F� �e�q�u�a�l�s� �1�/�\�.� 

�T�h�e� �M�T�B�F� �o�f� �2�7�,�3�7�4� �h�o�u�r�s� �(�o�v�e�r� �a� �t�i�m�e� �p�e�r�i�o�d� �o�f� �1�5�4�,�8�0�0� 

�h�o�u�r�s�)� �i�s� �t�h�e� �s�t�a�n�d�a�r�d� �t�o� �w�h�i�c�h� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �s�h�a�l�l� 

�b�e� �d�e�s�i�g�n�e�d�.� �T�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �s�h�a�l�l� �h�a�v�e� �a� �m�e�a�n� �t�i�m�e� 

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

�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �a�t� �l�e�a�s�t� �0�.�9�9�5�.� 

�O�n�c�e� �t�h�e� �d�i�e�s�e�l�s� �a�r�e� �o�p�e�r�a�t�i�o�n�a�l�,� �t�h�e�y� �w�i�l�l� �n�o�r�m�a�l�l�y� 

�b�e� �m�a�n�u�a�l�l�y� �s�t�a�r�t�e�d� �m�o�n�t�h�l�y� �t�o� �e�n�s�u�r�e� �o�p�e�r�a�b�i�l�i�t�y�.� �E�v�e�r�y� 

�1�8� �m�o�n�t�h�s� �t�h�e� �a�u�t�o�m�a�t�i�c� �s�t�a�r�t� �c�a�p�a�b�i�l�i�t�y� �w�i�l�l� �b�e� �t�e�s�t�e�d� �b�y� 

�s�i�m�u�l�a�t�i�n�g� �a� �l�o�s�s� �o�f� �b�u�s� �v�o�l�t�a�g�e� �s�i�g�n�a�l�.� �M�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� 

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

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

�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �l�e�v�e�l� �(�o�n�s�i�t�e�)� �m�a�i�n�t�e�n�a�n�c�e� �w�i�l�l� �b�e� �p�e�r�f�o�r�m�e�d� 

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

�s�h�a�l�l� �b�e� �r�e�p�a�i�r�a�b�l�e� �b�y� �p�e�r�s�o�n�n�e�l� �w�i�t�h� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� 

�s�k�i�l�l� �l�e�v�e�l�.� �T�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �s�h�o�u�l�d� �h�a�v�e� �e�x�t�e�n�s�i�v�e� �a�l�a�r�m� 

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

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

�E�l�e�c�t�r�i�c�a�l� �e�q�u�i�p�m�e�n�t� �s�h�o�u�l�d� �u�s�e� �m�o�d�u�l�a�r� �c�o�n�s�t�r�u�c�t�i�o�n� �w�h�e�r�e� 

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

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



�2�3� 

�S�e�l�f�-�t�e�s�t� �f�e�a�t�u�r�e�s� �s�h�o�u�l�d� �a�l�l�o�w� �q�u�i�c�k� �i�s�o�l�a�t�i�o�n� �a�n�d� 

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

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

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

�e�q�u�i�p�m�e�n�t�.� 

�I�n�t�e�r�m�e�d�i�a�t�e� �l�e�v�e�l� �m�a�i�n�t�e�n�a�n�c�e� �w�i�l�l� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� 

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

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

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

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

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

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

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

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

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

�p�h�a�s�e�s� �o�f� �t�h�e� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e�,� �s�o� �t�h�a�t� �i�t� �b�e�c�o�m�e�s� �e�v�i�d�e�n�t� 

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

�d�e�s�i�g�n�,� �c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� �e�f�f�o�r�t�.� �I�n� �a�d�d�i�t�i�o�n� 

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

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

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

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

�c�o�n�t�r�a�c�t�,� �a�n�d� �s�c�h�e�d�u�l�e�d� �m�i�l�e�s�t�o�n�e�s�.� �T�a�b�l�e� �1� �i�d�e�n�t�i�f�i�e�s� �t�h�e� 

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

�E�D�G ��s�.� �F�i�g�u�r�e� �4� �i�s� �a� �m�i�l�e�s�t�o�n�e� �c�h�a�r�t� �t�h�a�t� �l�i�s�t�s� �a�l�l� �t�h�e� 

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



�2�4� 

�T�a�b�l�e� �1� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �R�e�l�i�a�b�i�l�i�t�y� �P�r�o�g�r�a�m� �T�a�s�k�s� 

� � 

�C�o�n�c�e�p�t�u�a�l� �P�h�a�s�e� 

�A�l�.� 
�A�2�.� 
�A�3�.� 
�A�4�.� 

�A�5�.� 

�A�6�.� 

�A�7�.� 

�A�8�.� 

�U�T�I�L�I�T�Y�:� �P�e�r�f�o�r�m� �n�e�e�d�s� �a�n�d� �f�e�a�s�i�b�i�l�i�t�y� �a�n�a�l�y�s�e�s� 
�U�T�I�L�I�T�Y�:� �D�e�f�i�n�e� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� 
�U�T�I�L�I�T�Y�:� �D�e�f�i�n�e� �s�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� 
�U�T�I�L�I�T�Y�:� �E�v�a�l�u�a�t�e� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n�s�.� �S�e�l�e�c�t� 
�p�r�e�f�e�r�r�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n�/�v�e�n�d�o�r� 
�V�E�N�D�O�R�:� �E�s�t�a�b�l�i�s�h� �r�e�l�i�a�b�i�l�i�t�y� �o�r�g�a�n�i�z�a�t�i�o�n�.� �P�l�a�n� 
�f�o�r� �r�e�l�i�a�b�i�l�i�t�y�.� �E�s�t�a�b�l�i�s�h� �f�a�i�l�u�r�e� �r�e�v�i�e�w� �b�o�a�r�d�.� 
�U�T�I�L�I�T�Y�/�V�E�N�D�O�R�:� �C�o�n�d�u�c�t� �f�o�r�m�a�l� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� 
�r�e�v�i�e�w�.� 
�U�T�I�L�I�T�Y�/�V�E�N�D�O�R�:� �B�e�g�i�n� �t�o� �p�l�a�n� �s�y�s�t�e�m� �t�e�s�t�i�n�g�.� 
�T�e�s�t� �c�o�m�p�o�n�e�n�t�s�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �f�a�i�l�u�r�e� �m�o�d�e�s�,� �e�f�f�e�c�t�s�,� �a�n�d� 
�c�r�i�t�i�c�a�l�i�t�y� �a�n�a�l�y�s�i�s�.� �T�a�s�k� �2�0�4�.� 

�P�r�e�l�i�m�i�n�a�r�y� �S�y�s�t�e�m� �D�e�s�i�g�n� �P�h�a�s�e� 

�B�l�.� 
�B�2�.� 
�B�3�.� 

�B�4�.� 
�B�S�.� 

�V�E�N�D�O�R�:� �D�e�v�e�l�o�p� �r�e�l�i�a�b�i�l�i�t�y� �m�o�d�e�l�.� �T�a�s�k� �2�0�1�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �r�e�l�i�a�b�i�l�i�t�y� �a�l�l�o�c�a�t�i�o�n�.� �T�a�s�k� �2�0�2�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �r�e�l�i�a�b�i�l�i�t�y� �p�r�e�d�i�c�t�i�o�n�s�.� �T�a�s�k� 
�2�0�3�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �s�n�e�a�k� �c�i�r�c�u�i�t� �a�n�a�l�y�s�i�s�.� �T�a�s�k� �2�0�5�.� 
�U�T�I�L�I�T�Y�/�V�E�N�D�O�R�:� �C�o�n�d�u�c�t� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �r�e�v�i�e�w�.� 

�D�e�t�a�i�l� �D�e�s�i�g�n� �P�h�a�s�e� 

�C�l�.� 

�C�2�.� 

�C�3�.� 
�C�4�.� 

�C�5�.� 

�C�6�.� 

�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �r�e�l�i�a�b�i�l�i�t�y� �a�n�a�l�y�s�i�s� �a�n�d� 
�t�r�a�d�e�-�o�f�f�s�.� �I�d�e�n�t�i�f�y� �c�r�i�t�i�c�a�l� �i�t�e�m�s�.� �T�a�s�k� �2�0�8�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �c�i�r�c�u�i�t� �t�o�l�e�r�a�n�c�e� �a�n�a�l�y�s�e�s�.� �T�a�s�k� 
�2�0�6�.� 
�V�E�N�D�O�R�:� �C�o�n�s�t�r�u�c�t� �p�r�o�t�o�t�y�p�e� �u�n�i�t�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s� �s�c�r�e�e�n�i�n�g� �o�f� 
�p�r�o�t�o�t�y�p�e�.� �T�a�s�k� �3�0�1�.� 
�V�E�N�D�O�R�:� �P�e�r�f�o�r�m� �r�e�l�i�a�b�i�l�i�t�y� �d�e�v�e�l�o�p�m�e�n�t�,� �g�r�o�w�t�h� 
�a�n�d� �q�u�a�l�i�f�i�c�a�t�i�o�n� �t�e�s�t�i�n�g� �o�f� �p�r�o�t�o�t�y�p�e�.� �T�a�s�k�s� �3�0�2� 
�a�n�d� �3�0�3�.� 
�U�T�I�L�I�T�Y�/�V�E�N�D�O�R�:� �C�o�n�d�u�c�t� �d�e�t�a�i�l� �d�e�s�i�g�n� �r�e�v�i�e�w�.



�2�5� 

�T�a�b�l�e� �1� �(�C�o�n�t�i�n�u�e�d�)� 

�P�r�o�d�u�c�t�i�o�n� �a�n�d� �C�o�n�s�t�r�u�c�t�i�o�n� �P�h�a�s�e� 

�D�1�.� 

�D�2�.� 

�D�3�.� 

�D�4�.� 

�D�5�.� 

�V�E�N�D�O�R�/�S�U�B�C�O�N�T�R�A�C�T�O�R�S�:� �P�r�o�d�u�c�e� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m�.� 
�U�T�I�L�I�T�Y�:� �P�e�r�f�o�r�m� �i�n�s�t�a�l�l�a�t�i�o�n� �i�n�s�p�e�c�t�i�o�n�s�.� 
�C�o�n�d�u�c�t� �t�e�s�t� �r�e�a�d�i�n�e�s�s� �r�e�v�i�e�w� �(�w�i�t�h� �v�e�n�d�o�r�)�.� 
�U�T�I�L�I�T�Y�/�V�E�N�D�O�R�:� �C�o�n�d�u�c�t� �r�e�l�i�a�b�i�l�i�t�y� �a�c�c�e�p�t�a�n�c�e� 
�t�e�s�t� �p�r�o�g�r�a�m�.� �T�a�s�k� �3�0�4�.� 
�U�T�I�L�I�T�Y�:� �C�o�l�l�e�c�t� �r�e�l�i�a�b�i�l�i�t�y� �d�a�t�a�.� �R�e�v�i�e�w� �t�e�s�t� 
�d�a�t�a� �f�o�r� �a�p�p�r�o�v�a�l�.� 
�V�E�N�D�O�R�/�S�U�B�C�O�N�T�R�A�C�T�O�R�S�:� �M�o�d�i�f�y� �s�y�s�t�e�m� �a�s� �r�e�q�u�i�r�e�d�.� 

�U�t�i�l�i�z�a�t�i�o�n� �P�h�a�s�e� 

�E�l�.� 
�E�2�.� 

�E�3�.� 

�U�T�I�L�I�T�Y�:� �O�p�e�r�a�t�e� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m�s�.� 
�U�T�I�L�I�T�Y�:� �M�a�i�n�t�a�i�n� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m�.� �I�n�s�t�a�l�l� 
�a�n�y� �r�e�q�u�i�r�e�d� �m�o�d�i�f�i�c�a�t�i�o�n�s� �(�w�i�t�h� �v�e�n�d�o�r� �h�e�l�p� �a�s� 
�n�e�c�e�s�s�a�r�y�)�.� 
�U�T�I�L�I�T�Y�:� �C�o�l�l�e�c�t� �r�e�l�i�a�b�i�l�i�t�y� �d�a�t�a�.� 
� 
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�2�8� 

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

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

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

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

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

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

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

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

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

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

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

�c�h�e�c�k�l�i�s�t� �w�i�l�l� �b�e� �u�s�e�d� �t�h�a�t� �w�i�l�l� �i�n�c�l�u�d�e� �t�h�e� �i�t�e�m�s� �o�f� �T�a�b�l�e� 

�2�.� �T�h�e� �q�u�e�s�t�i�o�n�s� �a�s�k�e�d� �b�y� �T�a�b�l�e� �2� �d�o� �n�o�t� �c�o�v�e�r� �a�l�l� �t�h�e� 

�q�u�e�s�t�i�o�n�s� �p�e�r�t�i�n�e�n�t� �t�o� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �d�e�s�i�g�n�,� �b�u�t� �t�h�e�y� 

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

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

�p�r�o�p�e�r�l�y�.� 

�A�n�o�t�h�e�r� �o�f� �t�h�e� �e�l�e�m�e�n�t�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

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

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

�i�s� �t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r�.� �T�h�i�s� �e�n�g�i�n�e�e�r� �w�i�l�l� 

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

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

�i�n� �a�l�l� �d�e�c�i�s�i�o�n�s� �m�a�d�e� �i�n� �e�a�c�h� �p�h�a�s�e� �o�f� �t�h�e� �s�y�s�t�e�m� �l�i�f�e



�2�9� 

�T�a�b�l�e� �2� 

�R�e�l�i�a�b�i�l�i�t�y� �D�e�s�i�g�n� �R�e�v�i�e�w� �C�h�e�c�k�l�i�s�t� 
� � 

�7�.� 

�9�.� 

�1�0�.� 

�1�1�.� 

�1�2�.� 

�1�3�.� 

�1�4�.� 

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

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

�H�a�s� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �c�o�m�p�l�e�x�i�t�y� �b�e�e�n� �m�i�n�i�m�i�z�e�d�?� 

�H�a�v�e� �f�a�i�l�u�r�e� �m�o�d�e�s� �a�n�d� �e�f�f�e�c�t�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�?� 

�A�r�e� �i�t�e�m� �f�a�i�l�u�r�e� �r�a�t�e�s� �k�n�o�w�n�?� 

�H�a�v�e� �p�a�r�t�s� �w�i�t�h� �e�x�c�e�s�s�i�v�e� �f�a�i�l�u�r�e� �r�a�t�e�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d�?� 

�H�a�s� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �m�e�a�n� �l�i�f�e� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d�?� 

�H�a�v�e� �d�e�r�a�t�i�n�g� �f�a�c�t�o�r�s� �b�e�e�n� �u�s�e�d� �w�h�e�r�e� �a�p�p�r�o�p�r�i�a�t�e�?� 

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

�H�a�s� �t�h�e� �u�s�e� �o�f� �a�d�j�u�s�t�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �b�e�e�n� �m�i�n�i�m�i�z�e�d� �t�o� 
�t�h�e� �m�a�x�i�m�u�m� �e�x�t�e�n�t� �p�r�a�c�t�i�c�a�b�l�e�?� 

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

�H�a�s� �c�o�o�l�i�n�g� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �f�o�r� �"�h�o�t�-�s�p�o�t�s�?�"� 

�H�a�v�e� �a�l�l� �h�a�z�a�r�d�o�u�s� �c�o�n�d�i�t�i�o�n�s� �b�e�e�n� �e�l�i�m�i�n�a�t�e�d�?� 

�H�a�v�e� �a�l�l� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �r�e�q�u�i�r�e�m�e�n�t�s� �b�e�e�n� �m�e�t�?� 
� � 

�S�o�u�r�c�e�:� �B�l�a�n�c�h�a�r�d�,� �B�e�n�j�a�m�i�n� �S�.�,� �a�n�d� �W�o�l�t�e�r� �J�.� 
�F�a�b�r�y�c�k�y�,� �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�,� �P�r�e�n�t�i�c�e�-�H�a�l�l�,� 
�I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�,� �1�9�8�1�,� �p�.� �3�5�7�.



�3�0� 

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

�r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� 

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

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

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

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

�r�e�l�i�a�b�i�l�i�t�y� �g�o�a�l� �i�s� �m�e�t�.� 

�O�n�c�e� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �r�e�a�c�h�e�s� �t�h�e� �p�o�s�t�-�i�n�s�t�a�l�l�a�t�i�o�n� 

�t�e�s�t� �p�h�a�s�e�,� �t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r� �w�i�l�l� �b�e� 

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

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

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

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

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

�r�e�v�i�e�w�)�.� �T�h�e� �D�G� �s�y�s�t�e�m� �e�n�g�i�n�e�e�r� �w�i�l�l� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� 

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

�D�G� �s�y�s�t�e�m� �e�n�g�i�n�e�e�r� �w�i�l�l� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� 

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

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

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

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

�a�s�p�e�c�t�s� �o�f� �t�h�e� �d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m�,� �a�s�i�d�e� �f�r�o�m� �t�h�e� 

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

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

�m�a�i�n�t�e�n�a�n�c�e� �(�p�r�e�v�e�n�t�i�v�e� �a�n�d� �c�o�r�r�e�c�t�i�v�e�)� �o�n� �t�h�e� �d�i�e�s�e�l�s�,� �a�s� 

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



�3�1� 

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

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

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

�T�h�e� �p�l�a�n�t� �O�p�e�r�a�t�i�o�n�a�l� �E�x�p�e�r�i�e�n�c�e� �R�e�v�i�e�w� �G�r�o�u�p� �a�n�d� 

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

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

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

�T�h�e� �p�l�a�n�t� �M�a�i�n�t�e�n�a�n�c�e� �S�u�p�e�r�i�n�t�e�n�d�e�n�t� �i�s� �r�e�s�p�o�n�s�i�b�l�e� 

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

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

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

�M�a�i�n�t�e�n�a�n�c�e� �S�u�p�e�r�i�n�t�e�n�d�e�n�t ��s� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �(�w�h�i�c�h� �m�a�y� �b�e� 

�d�e�l�e�g�a�t�e�d� �t�o� �a�p�p�r�o�p�r�i�a�t�e� �s�u�p�e�r�v�i�s�o�r�s�)�.� �T�h�e� �M�a�i�n�t�e�n�a�n�c�e� 

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

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

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

�t�h�e� �M�a�i�n�t�e�n�a�n�c�e� �S�u�p�e�r�i�n�t�e�n�d�e�n�t ��s� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �t�o� �e�n�s�u�r�e� 

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

�(�b�o�t�h� �i�n�t�e�r�n�a�l� �a�n�d� �f�r�o�m� �o�t�h�e�r� �u�t�i�l�i�t�i�e�s�)� �i�s� �r�o�u�t�e�d� �t�o� �a�l�l� 

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

�T�h�e� �T�e�c�h�n�i�c�a�l� �S�e�r�v�i�c�e�s� �S�u�p�e�r�i�n�t�e�n�d�e�n�t� �(�T�S�S�)� �i�s� 

�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �p�r�o�p�e�r� �f�u�n�c�t�i�o�n�i�n�g� �o�f� �t�h�e� �D�i�e�s�e�l� 

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

�r�e�p�o�r�t� �t�o� �t�h�e� �R�e�s�i�d�e�n�t� �M�a�n�a�g�e�r�,� �t�h�a�t� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� 

�i�s� �a�d�h�e�r�e�d� �t�o�,� �a�n�d� �t�h�a�t� �d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �r�e�m�a�i�n�s� �h�i�g�h�.� 

�T�h�e� �T�S�S� �b�e�a�r�s� �t�h�e� �p�r�i�m�a�r�y� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� �f�o�r� �r�e�v�i�e�w� �o�f



�3�2� 

�t�h�e� �q�u�a�r�t�e�r�l�y� �D�G� �p�e�r�f�o�r�m�a�n�c�e� �r�e�p�o�r�t�s�,� �a�s� �w�e�l�l� �a�s� �p�e�r�i�o�d�i�c� 

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

�i�n� �t�h�e� �d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �r�e�q�u�i�r�e� �t�h�e� �P�l�a�n�t� 

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

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

�p�l�a�n�t� �o�p�e�r�a�t�o�r�s�,� �O�p�e�r�a�t�i�o�n�s� �a�n�d� �M�a�i�n�t�e�n�a�n�c�e� �S�u�p�e�r�v�i�s�o�r�s�,� �a�n�d� 

�a�f�f�e�c�t�e�d� �t�e�c�h�n�i�c�i�a�n�s� �r�e�c�e�i�v�e� �t�r�a�i�n�i�n�g� �r�e�g�a�r�d�i�n�g� �t�h�e� 

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

�d�e�s�i�g�n� �a�n�d� �t�e�s�t�i�n�g� �p�h�a�s�e�s� �o�f� �t�h�e� �p�r�o�j�e�c�t�,� �t�h�e� �T�S�S� �w�i�l�l� �b�e�a�r� 

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

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

�a�c�t�i�v�i�t�i�e�s�.� �T�h�e� �T�S�S� �w�i�l�l� �r�e�s�o�l�v�e� �a�n�y� �c�o�n�f�l�i�c�t�s� �b�e�t�w�e�e�n� 

�d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �o�t�h�e�r� �e�n�g�i�n�e�e�r�i�n�g� �c�o�n�c�e�r�n�s�,� �w�i�t�h� 

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

�P�l�a�n�t� �M�a�n�a�g�e�r�.� 

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

�t�h�e� �c�o�r�r�e�c�t�n�e�s�s� �o�f� �a�l�l� �m�a�i�n�t�e�n�a�n�c�e� �a�c�t�i�o�n�s�.� �T�h�e� �Q�u�a�l�i�t�y� 

�A�s�s�u�r�a�n�c�e� �d�e�p�a�r�t�m�e�n�t� �w�i�l�l� �p�r�o�v�i�d�e� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �a�u�d�i�t� �a�n�d� 

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

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

�t�h�e� �p�r�o�g�r�a�m� �t�o� �t�h�e� �V�i�c�e� �P�r�e�s�i�d�e�n�t� �o�f� �A�p�p�r�a�i�s�a�l� �a�n�d� 

�C�o�m�p�l�i�a�n�c�e�.� 

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

�d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� �T�h�e� 

�v�e�n�d�o�r ��s� �c�h�a�i�n� �o�f� �c�o�m�m�a�n�d� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.
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�T�h�e� �f�i�n�a�l� �a�r�e�a� �c�o�v�e�r�e�d� �b�y� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �p�l�a�n� 

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

�n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t� �E�D�G� �p�r�o�b�l�e�m�s� �s�h�o�u�l�d� �b�e� �r�e�v�i�e�w�e�d�.� 

�T�h�i�s� �r�e�v�i�e�w� �w�o�u�l�d� �i�n�c�l�u�d�e� �b�o�t�h� �g�e�n�e�r�i�c� �E�D�G� �p�r�o�b�l�e�m�s� �a�n�d� 

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

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

�g�e�n�e�r�a�t�o�r� �g�o�v�e�r�n�o�r�s�.� �G�o�v�e�r�n�o�r�s� �a�r�e� �a� �p�r�o�b�l�e�m� �w�i�t�h� �a�l�l� 

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

�m�a�n�u�f�a�c�t�u�r�e�s� �t�h�e� �g�o�v�e�r�n�o�r�s� �(�W�o�o�d�w�a�r�d�)�.� �M�a�n�y� �g�o�v�e�r�n�o�r� 

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

�a�d�j�u�s�t�m�e�n�t�s�,� �a�n�d� �t�h�r�o�u�g�h� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �a�i�r� �i�n�t�o� �t�h�e� 

�g�o�v�e�r�n�o�r� �o�i�l�.� �T�h�e� �d�i�e�s�e�l� �v�e�n�d�o�r� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�e� �p�r�o�j�e�c�t� 

�w�i�l�l� �n�e�e�d� �t�o� �a�s�s�u�r�e� �t�h�e� �u�t�i�l�i�t�y� �t�h�a�t� �t�h�e� �W�o�o�d�w�a�r�d� �C�o�m�p�a�n�y� 

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

�c�o�r�r�e�c�t� �p�a�s�t� �g�o�v�e�r�n�o�r� �p�r�o�b�l�e�m�s�.� �M�a�n�y� �g�o�v�e�r�n�o�r� �p�r�o�b�l�e�m�s� �o�f� 

�t�h�e� �p�a�s�t� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �o�p�e�r�a�t�o�r� �e�r�r�o�r�s�.� �T�h�e� �c�o�n�t�r�a�c�t� 

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

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

�u�t�i�l�i�t�y ��s� �m�a�i�n�t�e�n�a�n�c�e� �t�e�c�h�n�i�c�i�a�n�s�.� 

�A�n�o�t�h�e�r� �g�e�n�e�r�i�c� �a�r�e�a� �o�f� �c�o�n�c�e�r�n� �i�s� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� 

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

�b�e�e�n� �d�u�e� �t�o� �c�i�r�c�u�i�t� �b�r�e�a�k�e�r� �a�n�d� �r�e�l�a�y� �f�a�i�l�u�r�e�s�.� �M�a�n�y� �o�f� 

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

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

�t�h�a�t� �t�h�e�i�r� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �a�d�d�r�e�s�s�e�s� �t�h�i�s� �a�r�e�a�.



�3�6� 

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

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

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

�e�a�c�h� �o�f� �t�h�e� �f�i�v�e� �c�u�r�r�e�n�t� �v�e�n�d�o�r�s�.� �T�h�i�s� �s�h�o�w�s� �w�h�e�r�e� �t�h�e� 

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

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

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

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

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

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

�v�e�n�d�o�r ��s� �d�i�e�s�e�l�s�.� �T�h�e� �v�e�n�d�o�r� �w�i�l�l� �b�e� �r�e�q�u�i�r�e�d� �t�o� �s�h�o�w� 

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

�T�a�b�l�e� �4� �s�h�o�w�s� �t�h�i�s� �t�y�p�e� �o�f� �p�r�o�b�l�e�m� �l�i�s�t�i�n�g� �f�o�r� �t�h�e� �I�n�d�i�a�n� 

�P�o�i�n�t� �s�i�t�e� �(�A�l�c�o� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r�s�)�.



�3�7� 

�T�a�b�l�e� �3� 

�P�a�s�t� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �F�a�i�l�u�r�e�s� 
� � 

�C�o�m�p�o�n�e�n�t� �N�u�m�b�e�r� �o�f� �f�a�i�l�u�r�e�s� �R�a�n�k� 

�A�l�c�o� 
�G�o�v�e�r�n�o�r� �1�9� �1� 
�C�o�o�l�i�n�g� �s�y�s�t�e�m� �p�i�p�i�n�g� �9� �2� 
�R�e�l�a�y�s� �(�s�w�i�t�c�h�g�e�a�r�)� �*� �6� �3� 
�T�u�r�b�o�c�h�a�r�g�e�r� �6� �4� 
�C�i�r�c�u�i�t� �b�r�e�a�k�e�r�s� �6� �5� 

�C�o�l�t� 
�G�o�v�e�r�n�o�r� �3�3� �1� 
�R�e�l�a�y�s� �(�s�w�i�t�c�h�g�e�a�r�)� �*� �2�4� �2� 
�F�u�e�l� �p�i�p�i�n�g� �2�2� �3� 
�T�u�r�b�o�c�h�a�r�g�e�r� �2�1� �4� 
�C�r�a�n�k�c�a�s�e� �2�1� �5� 

�C�o�o�p�e�r�-�B�e�s�s�e�m�e�r� 
�C�o�n�t�r�o�l� �a�i�r� �(�I�&�C�)� �1�7� �1� 
�G�o�v�e�r�n�o�r� �1�5� �2� 
�F�u�e�l� �p�i�p�i�n�g� �1�4� �3� 
�S�e�n�s�o�r�s� �(�I�&�C�)� �1�1� �4� 
�O�v�e�r�s�p�e�e�d� �g�o�v�e�r�n�o�r� �1�1� �5� 

�G�e�n�e�r�a�l� �M�o�t�o�r�s� 
�G�o�v�e�r�n�o�r� �6�6� �1� 
�R�e�l�a�y�s� �(�s�w�i�t�c�h�g�e�a�r�)� �*� �4�4� �2� 
�S�t�a�r�t�i�n�g� �m�o�t�o�r�s� �3�3� �3� 
�T�u�r�b�o�c�h�a�r�g�e�r� �3�0� �4� 
�S�t�a�r�t�i�n�g� �C�o�n�t�r�o�l� �(�I�&�C�)� �3�0� �5� 

�N�o�r�d�b�e�r�g� 
�G�o�v�e�r�n�o�r� �4� �1� 
�S�e�n�s�o�r�s� �(�I�&�C�)� �4� �2� 
�I�n�j�e�c�t�o�r� �p�u�m�p�s� �4� �3� 
�A�l�a�r�m�s� �(�I�T�&�C�)� �4� �4� 
�C�o�o�l�i�n�g� �h�e�a�t� �e�x�c�h�a�n�g�e�r�s� �4� �5� 
� � 

�N�O�T�E�S�:� �1�.� �A�s�t�e�r�i�s�k�e�d� �i�t�e�m�s� �(�*�)� �i�n�c�l�u�d�e� �b�o�t�h� �d�i�e�s�e�l� �a�n�d� 
�g�e�n�e�r�a�t�o�r� �f�a�i�l�u�r�e�s�.� 

�2�.� �I�T�&�C� �=� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�n�t�r�o�l� 

�S�o�u�r�c�e�:� �N�U�R�E�G�/�C�R�-�5�0�7�8�,� �V�o�l�u�m�e� �I�,� �"�A� �R�e�l�i�a�b�i�l�i�t�y� �P�r�o�g�r�a�m� 
�f�o�r� �E�m�e�r�g�e�n�c�y� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�s�,�"� �U�.� 
�S�.� �N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.� �C�.�,� �A�p�r�i�l� 
�1�9�8�8�,� �p�p�.� �I� �-� �1�2�,� �1�3�.



�3�8� 

�T�a�b�l�e� �4� 

�P�a�s�t� �D�i�e�s�e�l� �P�r�o�b�l�e�m�s� �a�t� �t�h�e� �I�n�d�i�a�n� �P�o�i�n�t� �S�i�t�e� 

� � 

� � 
�L�E�R�*� �N�o�.� �D�a�t�e� �S�u�b�s�y�s�t�e�m� �C�a�u�s�e� 

�I�P�3� 

�8�0�-�1�0� �6�-�2�9�-�8�0� �b�r�e�a�k�e�r� �S�c�r�e�w� �s�t�u�c�k� �i�n� �t�r�i�p� �l�a�t�c�h� 

�7�8�-�2�3� �8�-�2�9�-�7�8� �f�u�e�l� �T�a�n�k� �l�e�v�e�l� �c�o�n�t�r�o�l� �f�a�i�l�u�r�e� 

�7�6�-�4�0� �1�1�-�2�6�-�7�6� �c�o�n�t�r�o�l� �L�o�s�s� �o�f� �s�p�e�e�d� �c�o�n�t�r�o�l� 

�7�6�-�3�5� �1�0�-�2�2�-�7�6� �g�o�v�e�r�n�o�r� �M�a�i�n�t�e�n�a�n�c�e�;� �a�i�r� �i�n� �o�i�l� 

�7�6�-�3�1� �9�-�2�9�-�7�6� �g�o�v�e�r�n�o�r� �L�o�w� �o�i�l�;� �d�r�a�i�n� �n�o�t� �t�i�g�h�t� 

�7�6�-�2�0� �6�-�2�5�-�7�6� �b�r�e�a�k�e�r� �S�p�u�r�i�o�u�s� �r�e�l�a�y� �o�p�e�r�a�t�i�o�n� 

�I�p�2� 

�8�0�-�9� �8�-�1�0�-�8�0� �b�r�e�a�k�e�r� �D�e�f�e�c�t�i�v�e� �o�v�e�r�c�u�r�r�e�n�t� �r�e�l�a�y� 

�8�0�-�2� �4�-�9�-�8�0� �e�n�g�i�n�e� �T�i�m�i�n�g� �o�u�t� �o�f� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

�7�8�-�3�7� �1�2�-�1�9�-�7�8� �a�i�r�-�s�t�a�r�t� �A�i�r� �s�t�a�r�t� �m�o�t�o�r�s� �d�i�r�t�y� 

�7�7�-�2�9� �8�-�2�9�-�7�7� �c�o�o�l�i�n�g� �J�a�c�k�e�t� �w�a�t�e�r� �l�e�a�k�s� 

�7�7�-�1�8� �8�-�2�6�-�7�7� �l�u�b�e� �o�i�l� �P�r�e�s�s�u�r�e� �s�w�i�t�c�h� 

�7�7�-�2�5� �1�0�-�1�9�-�7�7� �c�o�n�t�r�o�l� �T�e�r�m�i�n�a�l� �b�l�o�c�k� �s�h�o�r�t� 

�7�7�-�2�0� �9�-�1�4�-�7�7� �e�x�h�a�u�s�t� �B�l�o�w�e�r� �m�o�t�o�r� �f�a�i�l�u�r�e� 

�7�7�-�1� �3�-�2�-�7�7� �l�u�b�e� �o�i�l� �|� �L�e�a�k�i�n�g� �p�r�e�s�s�u�r�e� �s�w�i�t�c�h� 

�7�6�-�2�7� �1�2�-�1�2�-�7�6� �l�u�b�e� �o�i�l� �S�h�o�r�t�e�d� �l�u�b�e� �o�i�l� �h�e�a�t�e�r� 
� � 

�*� �L�E�R� �=� �L�i�c�e�n�s�e�e� �E�v�e�n�t� �R�e�p�o�r�t� �(�m�a�d�e� �t�o� �t�h�e� �N�R�C�)� 

�S�o�u�r�c�e�:� �N�U�R�E�G�/�C�R�-�2�9�8�9�,�  ��R�e�l�i�a�b�i�l�i�t�y� �o�f� �E�m�e�r�g�e�n�c�y� 
�A�C� �P�o�w�e�r� �S�y�s�t�e�m�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�s�,�"� �U�.�S�.� �N�u�c�l�e�a�r� 
�R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �J�u�l�y� �1�9�8�3�,� �p�p�.� 
�2�0�7�-�2�0�9�.



�3�9� 

�C�o�n�t�r�o�l� �o�f� �S�u�b�c�o�n�t�r�a�c�t�o�r�s� �a�n�d� �S�u�p�p�l�i�e�r�s� 

�T�a�s�k� �1�0�2� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �1�0�2� �i�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �p�r�i�m�e� 

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

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

�i�s� �v�e�r�i�f�i�e�d� �a�n�d� �t�i�m�e�l�y� �a�c�t�i�o�n� �i�s� �t�a�k�e�n� �w�h�e�n� �r�e�q�u�i�r�e�d�.� �[�1�3�]� 

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

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

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

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

�c�e�r�t�i�f�y� �t�o� �t�h�e� �u�t�i�l�i�t�y�,� �i�n� �w�r�i�t�i�n�g�,� �t�h�a�t� �t�h�e� �s�u�b�c�o�n�t�r�a�c�t�o�r�s� 

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

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

�i�n� �F�i�g�u�r�e� �4�.� �T�h�e� �d�i�e�s�e�l� �v�e�n�d�o�r� �w�i�l�l� �p�e�r�f�o�r�m� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

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

�T�h�e� �v�e�n�d�o�r� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t�u�a�l�l�y� �o�b�l�i�g�a�t�e�d� �t�o� 

�a�t�t�e�n�d� �a�n�d� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �s�u�b�c�o�n�t�r�a�c�t�o�r� �d�e�s�i�g�n� �r�e�v�i�e�w�s�.� 

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

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

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

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

�r�e�s�e�r�v�e� �t�h�e� �r�i�g�h�t� �t�o� �a�t�t�e�n�d� �a�l�l� �d�e�s�i�g�n� �r�e�v�i�e�w�s�.� �U�t�i�l�i�t�y� 

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

�d�i�e�s�e�l�-�r�e�l�a�t�e�d� �a�c�t�i�v�i�t�i�e�s�.� 

�T�h�e� �d�i�e�s�e�l� �v�e�n�d�o�r� �w�i�l�l� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �r�e�v�i�e�w�i�n�g� �t�h�e� 

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

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

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

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

�t�h�e� �u�t�i�l�i�t�y� �w�i�t�h� �a�l�l� �r�e�q�u�i�r�e�d� �t�e�c�h�n�i�c�a�l� �a�n�d� �a�d�m�i�n�i�s�t�r�a�t�i�v�e� 

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

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

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

�t�h�a�t� �c�a�n� �b�e� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �s�u�b�c�o�n�t�r�a�c�t�o�r�,� �v�e�n�d�o�r�,� �o�r� 

�u�t�i�l�i�t�y� �p�e�r�s�o�n�n�e�l�.� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�a�s�k� �1�0�1�,� �W�o�o�d�w�a�r�d� �g�o�v�e�r�n�o�r�s� �h�a�v�e� �b�e�e�n� 

�a� �k�n�o�w�n� �p�r�o�b�l�e�m� �a�r�e�a� �f�o�r� �n�u�c�l�e�a�r� �p�l�a�n�t� �E�D�G ��s�.� �T�h�e� �d�i�e�s�e�l� 

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

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

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

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

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

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

�f�a�i�l�u�r�e� �r�e�v�i�e�w� �p�r�o�c�e�s�s�.
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�P�r�o�g�r�a�m� �R�e�v�i�e�w�s� 

�T�a�s�k� �1�0�3� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �1�0�3� �i�s� �t�o� �e�s�t�a�b�l�i�s�h� �a� �r�e�q�u�i�r�e�m�e�n�t� 

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

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

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

�m�i�l�e�s�t�o�n�e�s�,� �a�n�d� �t�h�a�t� �t�h�e� �e�q�u�i�p�m�e�n�t� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� 

�w�i�l�l� �b�e� �a�c�h�i�e�v�e�d�.� �[�1�4�]� 

�D�e�s�i�g�n� �r�e�v�i�e�w�s� �a�r�e� �a�n� �i�m�p�o�r�t�a�n�t� �m�a�n�a�g�e�m�e�n�t� �t�o�o�l� 

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

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

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

�m�i�l�e�s�t�o�n�e�s� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �F�i�g�u�r�e� �4� �c�h�a�r�t�.� �F�i�g�u�r�e� �4� �s�h�o�w�s� �a� 

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

�d�e�t�a�i�l� �d�e�s�i�g�n� �p�h�a�s�e�s�.� 

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

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

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

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

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

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

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

�r�e�v�i�e�w�s�,� �t�h�e� �T�a�b�l�e� �2� �c�h�e�c�k�l�i�s�t� �s�h�o�u�l�d� �b�e� �u�s�e�d� �a�s� �a� �s�t�a�r�t�i�n�g� 

�p�o�i�n�t�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �t�h�r�e�e� �w�e�e�k�s� �p�r�i�o�r� �t�o� �t�h�e�s�e� �d�e�s�i�g�n� 

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

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

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

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

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

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

�(�i�n�c�l�u�d�i�n�g� �r�e�l�i�a�b�i�l�i�t�y�)� �p�r�i�o�r� �t�o� �b�e�g�i�n�n�i�n�g� �p�r�o�d�u�c�t�i�o�n�.� 

�A�t� �t�h�i�s� �p�o�i�n�t� �t�h�e� �d�e�s�i�g�n� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �f�r�o�z�e�n�,� �a�n�d� 

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

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

�T�a�b�l�e� �2� �c�h�e�c�k�l�i�s�t�,� �a�n�d� �w�i�l�l� �c�o�v�e�r� �a�l�l� �i�t�e�m�s� �m�e�n�t�i�o�n�e�d� �f�o�r� 

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

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

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

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

�p�a�r�t�s� �l�i�s�t�s�,� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �m�a�i�n�t�a�i�n�a�b�i�l�i�t�y� �p�r�e�d�i�c�t�i�o�n�s�,� 

�e�n�g�i�n�e�e�r�i�n�g� �t�e�s�t� �r�e�p�o�r�t�s�,� �t�h�e� �l�o�g�i�s�t�i�c� �s�u�p�p�o�r�t� �a�n�a�l�y�s�i�s�,� �a� 

�c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t� �u�t�i�l�i�z�a�t�i�o�n� �p�l�a�n�,� �a�n�d� �a� �l�o�g�i�s�t�i�c� 

�s�u�p�p�o�r�t� �p�l�a�n�.� �[�1�5�]� �T�h�e� �d�e�s�i�g�n� �r�e�v�i�e�w� �b�o�a�r�d� �w�i�l�l� �c�o�n�s�i�s�t� �o�f� 

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

�p�e�r�s�o�n�n�e�l� �w�i�t�h� �e�x�p�e�r�t�i�s�e� �i�n� �b�a�s�i�c� �d�e�s�i�g�n�,� �r�e�l�i�a�b�i�l�i�t�y�,� 

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

�s�u�p�p�o�r�t�,� �a�n�d� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l�.� 

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

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

�T�h�i�s� �r�e�v�i�e�w� �w�i�l�l� �c�o�v�e�r� �t�h�e� �t�e�s�t�i�n�g� �d�a�t�e�s�,� �s�t�a�t�u�s



�4�3� 

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

�p�r�e�r�e�q�u�i�s�i�t�e�s�,� �s�e�q�u�e�n�c�i�n�g�,� �a�c�c�e�p�t�a�n�c�e� �c�r�i�t�e�r�i�a�,� �f�o�r�e�s�e�e�a�b�l�e� 

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

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

�o�f� �t�h�e� �p�o�w�e�r� �p�l�a�n�t�,� �f�o�r� �e�x�a�m�p�l�e�,� �h�o�w� �t�h�e� �d�i�e�s�e�l�s� �f�i�t� �i�n�t�o� 

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



�4�4� 

�F�a�i�l�u�r�e� �R�e�p�o�r�t�i�n�g�,� �A�n�a�l�y�s�i�s�,� �a�n�d� �C�o�r�r�e�c�t�i�v�e� �A�c�t�i�o�n� �S�y�s�t�e�m� 

�T�a�s�k� �1�0�4� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �1�0�4� �i�s� �t�o� �e�s�t�a�b�l�i�s�h� �a� �c�l�o�s�e�d� 

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

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

�c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�.� �[�1�6�]� �E�a�r�l�y� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �f�a�i�l�u�r�e� �c�a�u�s�e�s� 

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

�a�c�c�e�p�t�a�b�l�e� �f�i�e�l�d� �r�e�l�i�a�b�i�l�i�t�y�.� 

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

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

�n�o�t� �j�u�s�t� �t�h�e� �p�r�o�b�l�e�m� �s�y�m�p�t�o�m�s�.� �F�i�g�u�r�e� �7� �s�h�o�w�s� �a� �t�o�p� �l�e�v�e�l� 

�s�t�r�u�c�t�u�r�e�d� �a�p�p�r�o�a�c�h� �t�o� �F�a�i�l�u�r�e� �A�n�a�l�y�s�i�s� �a�n�d� �R�o�o�t� �C�a�u�s�e� 

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

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

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

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

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

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

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

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

�m�o�r�e� �d�e�t�a�i�l� �s�t�a�r�t�i�n�g� �o�n� �p�a�g�e� �4�6�.� �A�l�l� �f�a�i�l�e�d� �p�a�r�t�s� �w�i�l�l� 

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

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

�u�t�i�l�i�t�y� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s�.� 

�O�n�e� �o�f� �t�h�e� �k�e�y�s� �t�o� �a� �s�u�c�c�e�s�s�f�u�l� �r�o�o�t� �c�a�u�s�e� �a�n�a�l�y�s�i�s
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�D�e�t�e�r�m�i�n�e� �p�r�o�m�m�a�t�e� �c�o�u�s�e� �P�r�o�b�l�e�m� �C�o�s�e�o�u� 
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�A�s�s�e�s�s� �:�f� 
�S�u�r�v�e�d�i�o�n�c�e� �o�r� 

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

�C�o�m�p�a�r�e� �t�o� �p�o�s�t� 
�f�a�i�l�u�r�e�s� �/�c�o�n�d�i�t�i�o�n�s� 

�t�o� �i�n�d�i�c�a�t�e� �p�o�s�s�i�b�l�e� 
�s�y�s�t�e�m�a�t�i�c� �c�a�u�s�e� 

�S�y�s�t�e�m�a�t�i�c� �c�o�u�s�e� �N�\� �N�o� �s�y�s�i�e�m�o�t�i�c� �c�o�u�s�e� 

�P�e�r�f�o�r�m� �r�o�o�t� 
�c�a�u�s�e� �a�n�d�i�y�s�i�s� �R�e�t�e�s�t�/� 

�v�e�r�i�f�y� 
�¥� �c�o�r�r�e�c�t�i�v�e� 

�C�e�n�e�r�s� �a�c�t�i�o�n� 
�R�e�v�i�e�w� �o�t�h�e�r� �p�i�o�n�t� �G�e�n�e�r�i�c� �o�r� �n�e�n�c� �c�o�u�s�e�  �� �a� �d�e�q�u�a�c�y� 
�r�e�c�o�r�d�s� �(�N�P�R�D�S�)�,� �p�l�o�n�t�-�s�p�e�c�i�f�i�c� �_�_�>� �g�e�n�e�r�i�c� 

�i�n�d�u�s�t�r�y� �g�r�o�u�p�s�,� �e�t�c� �c�o�u�s�e�?� �C�u�r�e� �e�x�i�s�t�s�?� �*� 
�P�l�a�n�t� 

�S�p�e�c�i�f�i�c� �N�o� �|� 
�C�o�u�s�e� �{� �?� �Y�e�s� 

�R�e�v�i�e�w� �o�p�e�r�o�t�o�n�a�l� �D�e�t�e�r� �S�o�n� �.� �.� 

�p�r�o�c�e�d�u�r�e�s�,� �s�n�s�i�a�l� �G�e�s�i�g�n�-�r�e�l�o�t�e�d� �I�m�p�l�e�m�e�n�t� �s�p�e�c�i�a�l� �m�o�n�i�t�o�r�i�n�g� �c�o�u�s�e� �c�u�r�e� 
�i�f� �r�e�q�u�i�r�e�d� 

�D�e�s�i�g�n� 
�R�e�i�g�t�e�d� �.� �]� �>�]� 

�R�e�d�e�s�i�g�n� �t�o� 
�c�o�r�r�e�c�t� �p�r�o�b�l�e�m� � � � � 
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� � 
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�F�i�g�u�r�e� �7�.� �F�a�i�l�u�r�e� �A�n�a�l�y�s�i�s� �a�n�d� �R�o�o�t� �C�a�u�s�e� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

�S�o�u�r�c�e�:� �P�r�o�p�o�s�e�d� �R�e�v�i�s�i�o�n� �3� �t�o� �R�e�g�u�l�a�t�o�r�y� �G�u�i�d�e� �1�.�9�,� �"�S�e�l�e�c�t�i�o�n�,� �D�e�s�i�g�n�,� �Q�u�a�l�i�f�i�c�a�t�i�o�n�,� �T�e�s�t�i�n�g�,� �a�n�d� �R�e�l�i�a�b�i�l�i�t�y� �o�f� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �U�n�i�t�s� �U�s�e�d� �a�s� �O�n�s�i�t�e� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �S�y�s�t�e�m�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�s�,�"� �U�.�S�.� �N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �N�o�v�e�m�b�e�r� �1�9�8�8�,� �p�.� �3�0�.



�4�6� 

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n�s� �n�o�t�e�d�,� �a�s� �w�e�l�l� �a�s� �a�l�l� �f�a�i�l�u�r�e�s�,� �w�i�l�l� �b�e� �r�e�c�o�r�d�e�d� 

�i�n� �t�h�i�s� �d�a�t�a�b�a�s�e�.� 

�R�o�o�t� �c�a�u�s�e� �a�n�a�l�y�s�i�s� �o�f�t�e�n� �i�n�v�o�l�v�e�s� �m�a�n�y� �d�i�s�c�i�p�l�i�n�e�s�,� 

�a�n�d� �a�s� �s�u�c�h� �a� �g�r�o�u�p� �s�i�m�i�l�a�r� �t�o� �t�h�e� �I�P�3� �O�p�e�r�a�t�i�o�n�a�l� 

�E�x�p�e�r�i�e�n�c�e� �R�e�v�i�e�w� �G�r�o�u�p� �(�O�E�R�G�)� �w�i�l�l� �b�e� �w�e�l�l� �s�u�i�t�e�d� �f�o�r� �t�h�i�s� 

�t�a�s�k�.� �T�h�i�s� �p�l�a�n� �w�i�l�l� �a�t�t�e�m�p�t� �t�o� �m�a�i�n�t�a�i�n� �c�o�n�t�i�n�u�i�t�y� �i�n� 

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

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

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

�W�h�e�n� �a� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �f�a�i�l�u�r�e� �o�c�c�u�r�s�,� �a�l�l� �d�a�t�a� 

�p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �f�a�i�l�u�r�e� �(�a�n�d� �r�e�p�a�i�r� �i�f� �a�l�r�e�a�d�y� �r�e�p�a�i�r�e�d�)� 

�w�i�l�l� �b�e� �p�r�o�v�i�d�e�d� �t�o� �t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r� �b�y� 

�w�a�y� �O�f� �a�n� �i�n�c�i�d�e�n�t� �r�e�p�o�r�t�.� �T�h�e� �D�G� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r� �w�i�l�l� �t�h�e�n� 

�u�s�e� �t�h�e� �d�a�t�a� �a�v�a�i�l�a�b�l�e�,� �a�n�d� �i�n� �c�o�n�s�u�l�t�a�t�i�o�n� �w�i�t�h� �t�h�e� �O�E�R�G�,� 

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

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

�O�p�e�r�a�t�i�n�g� �R�e�v�i�e�w� �C�o�m�m�i�t�t�e�e� �(�P�O�R�C�)�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� 

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

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

�a� �s�p�e�c�i�f�i�c� �p�r�o�b�l�e�m� �i�s� �k�e�p�t� �t�o�g�e�t�h�e�r�)�.� �F�i�g�u�r�e� �8� �s�h�o�w�s� �a�n
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�5�1� 

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

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

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

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

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

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

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

�i�s� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�a�l�i�z�e� �t�h�a�t� �a�l�l� �p�o�s�s�i�b�l�e� �c�a�u�s�e�s� �m�u�s�t� �b�e� 

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

�T�h�i�s� �i�s� �n�e�c�e�s�s�a�r�y� �b�e�c�a�u�s�e� �a� �c�o�n�t�r�i�b�u�t�i�n�g� �c�a�u�s�e� �f�o�r� �a�n�y� �g�i�v�e�n� 

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

�f�a�i�l�u�r�e� �i�f� �n�o�t� �c�o�r�r�e�c�t�e�d�.� 

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

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

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

�s�a�f�e�t�y� �e�q�u�i�p�m�e�n�t� �a�t� �I�P�3�.� �O�n�c�e� �a� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �p�r�o�b�l�e�m� 

�o�r� �a�b�n�o�r�m�a�l�i�t�y� �i�s� �d�i�s�c�o�v�e�r�e�d�,� �i�t� �w�i�l�l� �b�e� �m�a�d�e� �k�n�o�w�n� �t�o� 

�t�h�e� �P�O�R�C�.� �A� �p�r�o�b�l�e�m� �w�i�l�l� �b�e� �t�r�a�c�k�e�d� �f�r�o�m� �d�e�t�e�c�t�i�o�n�,� �t�o� 

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

�t�o� �v�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �a�d�e�q�u�a�c�y� �o�f� �t�h�e� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�.� 

�O�n�c�e� �t�h�e� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �a�r�e� �v�e�r�i�f�i�e�d� �t�o� �b�e� �a�d�e�q�u�a�t�e�,� �a�n�d� 

�a�n�y� �l�o�n�g�-�t�e�r�m� �c�h�a�n�g�e�s� �a�r�e� �m�a�d�e� �(�e�.�g�.�,� �c�h�a�n�g�e�s� �t�o� �o�p�e�r�a�t�i�o�n�a�l� 

�o�r� �m�a�i�n�t�e�n�a�n�c�e� �p�r�o�c�e�d�u�r�e�s�)�,� �a� �m�e�m�b�e�r� �o�f� �t�h�e� �O�E�R�G� �w�i�l�l� �b�r�i�n�g� 

�t�h�e� �i�t�e�m� �b�a�c�k� �t�o� �t�h�e� �P�O�R�C�,� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �P�O�R�C� �c�o�n�c�u�r�s� 

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

�c�l�o�s�e�d� �o�u�t�.� �C�l�o�s�e�o�u�t� �w�i�l�l� �n�o�t� �o�c�c�u�r� �(�t�h�e� �i�t�e�m� �w�i�l�l� �r�e�m�a�i�n



�5�2� 

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

�a�c�t�i�o�n�s� �h�a�s� �b�e�e�n� �v�e�r�i�f�i�e�d�.� 

�T�h�e� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n� �a�d�e�q�u�a�c�y� �v�e�r�i�f�i�c�a�t�i�o�n� �(�o�r� 

�r�e�-�t�e�s�t�)� �i�s� �t�h�e� �k�e�y� �e�l�e�m�e�n�t� �t�o� �p�r�o�b�l�e�m� �c�l�o�s�e�o�u�t�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �i�f� �a� �m�o�d�i�f�i�c�a�t�i�o�n� �i�s� �m�a�d�e� �t�o� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�n�,� 

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

�I�t� �m�u�s�t� �t�h�e�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �c�o�r�r�e�c�t�e�d� 

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

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

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

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

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

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

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

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

�i�n� �t�h�e� �s�y�s�t�e�m�.� �A�n�o�t�h�e�r� �e�x�a�m�p�l�e� �m�i�g�h�t� �b�e� �a�c�t�i�o�n�s� �t�a�k�e�n� 

�a�s� �a� �r�e�s�u�l�t� �o�f� �m�o�l�l�u�s�k� �c�l�o�g�g�i�n�g� �o�f� �s�e�r�v�i�c�e� �w�a�t�e�r� �s�y�s�t�e�m� 

�h�e�a�t� �e�x�c�h�a�n�g�e�r�s� �(�a� �r�e�c�e�n�t� �p�r�o�b�l�e�m� �d�i�s�c�o�v�e�r�e�d� �a�t� �I�P�3�)�.� �I�n� 

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

�i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �a� �f�i�n�e�r� �m�e�s�h� �s�c�r�e�e�n� �o�n� �t�h�e� �s�e�r�v�i�c�e� �w�a�t�e�r� 

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

�(�d�a�i�l�y�)� �t�o� �m�i�n�i�m�i�z�e� �s�t�a�g�n�a�t�i�o�n� �i�n� �t�h�e� �l�i�n�e�s�,� �a�s� �w�e�l�l� �a�s� 

�a�n� �i�n�s�p�e�c�t�i�o�n� �i�n� �t�h�e� �n�e�x�t� �q�u�a�r�t�e�r�.� �I�f� �t�h�e�s�e� �m�e�a�s�u�r�e�s� �d�o� 

�n�o�t� �p�r�o�v�e� �e�f�f�e�c�t�i�v�e�,� �a�n� �i�n�c�r�e�a�s�e�d� �i�n�s�p�e�c�t�i�o�n�/�c�l�e�a�n�i�n�g� 

�r�e�q�u�i�r�e�m�e�n�t� �w�i�l�l� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �d�e�t�a�i�l�e�d� �m�a�i�n�t�e�n�a�n�c�e� 

�s�c�h�e�d�u�l�e�.



�5�3� 

�T�h�e� �r�e�-�t�e�s�t�/�c�l�o�s�e�o�u�t� �r�e�q�u�i�r�e�m�e�n�t�s� �w�i�l�l� �b�e� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�t�h�e� �D�G� �s�y�s�t�e�m� �e�n�g�i�n�e�e�r�,� �i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �m�e�m�b�e�r�s� �o�f� �t�h�e� 

�O�E�R�G�,� �a�n�d� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �d�e�p�a�r�t�m�e�n�t�.� �T�h�e� �r�e�-�t�e�s�t�/�c�l�o�s�e�o�u�t� 

�r�e�q�u�i�r�e�m�e�n�t�s� �m�u�s�t� �b�e� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �P�O�R�C�.� �T�h�e�s�e� 

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

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

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

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

�o�f� �t�h�e� �P�O�R�C�.



�5�4� 

�F�a�i�l�u�r�e� �R�e�v�i�e�w� �B�o�a�r�d� 

�T�a�s�k� �1�0�5� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �1�0�5� �i�s� �t�o� �r�e�q�u�i�r�e� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� 

�o�f� �a� �f�a�i�l�u�r�e� �r�e�v�i�e�w� �b�o�a�r�d� �t�o� �r�e�v�i�e�w� �f�a�i�l�u�r�e� �t�r�e�n�d�s�,� 

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

�a�s�s�u�r�e� �t�h�a�t� �a�d�e�q�u�a�t�e� �c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �a�r�e� �t�a�k�e�n� �i�n�a� 

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

�p�r�o�d�u�c�t�i�o�n� �p�h�a�s�e�s� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �[�1�7�]� 

�D�u�e� �t�o� �t�h�e� �c�r�i�t�i�c�a�l�i�t�y� �o�f� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �t�o� �o�v�e�r�a�l�l� 

�p�l�a�n�t� �o�p�e�r�a�t�i�o�n�,� �a� �f�a�i�l�u�r�e� �r�e�v�i�e�w� �b�o�a�r�d� �(�F�R�B�)� �w�i�l�l� �c�o�n�t�r�o�l� 

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

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

�t�a�k�e�n� �t�o� �m�i�n�i�m�i�z�e� �o�v�e�r�l�a�p� �w�i�t�h� �t�h�e� �t�o�t�a�l� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l� 

�e�f�f�o�r�t� �f�o�r� �t�h�e� �p�r�o�j�e�c�t�.� �D�u�p�l�i�c�a�t�i�o�n� �o�f� �q�u�a�l�i�t�y� �t�a�s�k�s� �m�a�y� 

�n�o�t� �b�e� �c�o�s�t� �e�f�f�e�c�t�i�v�e�.� 

�T�h�e� �F�R�B� �w�i�l�l� �r�e�v�i�e�w� �a�l�l� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �f�a�i�l�u�r�e� �d�a�t�a�.� 

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

�i�n�c�l�u�d�i�n�g� �s�u�b�c�o�n�t�r�a�c�t�o�r� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �a�c�c�e�p�t�a�n�c�e� �t�e�s�t� 

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

�t�o� �t�h�e� �F�R�B�.� �T�h�e� �F�R�B� �w�i�l�l� �m�a�i�n�t�a�i�n� �a� �f�o�l�l�o�w�-�u�p� �i�t�e�m� �l�i�s�t� �t�o� 

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

�T�h�e� �u�t�i�l�i�t�y� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�n� �t�h�e� �F�R�B� �w�i�l�l� �b�e� 

�t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r�.� �T�h�e� �v�e�n�d�o�r� 

�a�n�d� �s�u�b�c�o�n�t�r�a�c�t�o�r� �m�e�m�b�e�r�s� �o�f� �t�h�e� �F�R�B� �s�h�a�l�l� �r�e�p�r�e�s�e�n�t� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �a�c�t�i�v�i�t�i�e�s�:� �d�e�s�i�g�n�,� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d



�5�5� 

�m�a�i�n�t�a�i�n�a�b�i�l�i�t�y�,� �s�a�f�e�t�y�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� �a�n�d� �q�u�a�l�i�t�y� 

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

�F�R�B� �m�e�m�b�e�r�s� �w�i�l�l� �a�l�l� �b�e� �u�t�i�l�i�t�y� �p�e�r�s�o�n�n�e�l�,� �w�i�t�h� �v�e�n�d�o�r� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �a�c�t�i�n�g� �a�s� �c�o�n�s�u�l�t�a�n�t�s� �w�h�e�n� �r�e�q�u�i�r�e�d�.



�C�H�A�P�T�E�R� �3� 

�D�E�S�I�G�N� �A�N�D� �E�V�A�L�U�A�T�I�O�N� 

�T�a�s�k� �s�e�c�t�i�o�n� �2�0�0� �o�f� �M�I�L�-�S�T�D�-�7�8�5�B� �a�s�s�u�r�e�s� �t�h�a�t�,� �a�s� �e�a�r�l�y� 

�a�s� �p�o�s�s�i�b�l�e�,� �t�h�e� �s�y�s�t�e�m� �a�n�d� �c�o�m�p�o�n�e�n�t� �n�u�m�e�r�i�c�a�l� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

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

�t�o� �t�h�e�m� �c�a�n� �i�m�p�r�o�v�e� �p�r�o�g�r�a�m� �c�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s�,� �t�h�i�s� 

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

�t�h�e�i�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�.� �{�1�8�]� �B�o�t�h� �q�u�a�n�t�i�t�a�t�i�v�e� �a�n�d� �q�u�a�l�i�t�a�t�i�v�e� 

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

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

�F�M�E�C�A� �a�r�e� �a�l�l� �u�s�e�d� �t�o� �e�n�s�u�r�e� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

�A�n� �F�M�E�C�A� �a�t� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�a�r�t� �l�e�v�e�l� �f�o�r� �t�h�e� �w�h�o�l�e� �d�i�e�s�e�l� 

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

�i�n�c�r�e�a�s�e� �r�e�l�i�a�b�i�l�i�t�y� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �F�M�E�C�A� �w�o�u�l�d� �p�r�o�b�a�b�l�y� 

�n�o�t� �b�e� �c�o�s�t� �e�f�f�e�c�t�i�v�e�.� �H�o�w�e�v�e�r�,� �a�n� �F�M�E�C�A� �c�o�n�d�u�c�t�e�d� �t�o� �t�h�e� 

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

�r�e�q�u�i�r�e�d� �d�e�s�i�g�n� �c�o�r�r�e�c�t�i�o�n�s� �o�r� �t�h�e� �n�e�e�d� �f�o�r� �f�u�r�t�h�e�r� 

�a�n�a�l�y�s�i�s�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �M�I�L�-�S�T�D�-�7�8�5�B� �a�s�s�u�m�e�s� �t�h�a�t� 

�t�h�e� �F�M�E�C�A� �w�i�l�l� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �p�r�e�l�i�m�i�n�a�r�y� �d�e�s�i�g�n� �p�h�a�s�e�.� 

�T�h�e� �F�M�E�C�A� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� �a�s� �e�a�r�l�y� �a�s� �p�o�s�s�i�b�l�e� �i�n� �t�h�e� 

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

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

�r�e�s�u�l�t�s� �o�f� �t�h�e� �F�M�E�C�A� �t�o� �b�e� �a�p�p�l�i�e�d� �b�e�f�o�r�e� �t�h�e� �d�e�s�i�g�n� �i�s� �t�o�o� 

�m�a�t�u�r�e� �t�o� �b�e� �c�h�a�n�g�e�d�.� 

�5�6



�5�7� 

�R�e�l�i�a�b�i�l�i�t�y� �M�o�d�e�l�i�n�g� 

�T�a�s�k� �2�0�1� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�1� �i�s� �t�o� �d�e�v�e�l�o�p� �a� �r�e�l�i�a�b�i�l�i�t�y� 

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

�e�v�a�l�u�a�t�e� �s�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y�.� �[�1�9�]� 

�A�s� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �e�v�o�l�v�e�s�,� �a� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �f�r�o�m� �t�h�e� �t�o�p�-�l�e�v�e�l� �f�u�n�c�t�i�o�n�a�l� 

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

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

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

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

�t�h�e� �s�u�b�s�y�s�t�e�m�s�.� 

�T�o� �i�l�l�u�s�t�r�a�t�e� �r�e�l�i�a�b�i�l�i�t�y� �m�o�d�e�l�i�n�g�,� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� 

�d�i�a�g�r�a�m�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �I�P�3� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� 

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

�T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� �d�i�a�g�r�a�m�s� �a�l�s�o� �c�o�n�t�a�i�n� �r�e�l�i�a�b�i�l�i�t�y� 

�p�r�e�d�i�c�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�a�s�k� �2�0�3�.� 

�F�o�r� �t�h�e� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�n�t�r�o�l� �s�y�s�t�e�n�,� 

�a� �b�l�o�c�k� �d�i�a�g�r�a�m� �i�s� �p�r�o�v�i�d�e�d� �t�h�a�t� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �m�a�j�o�r� 

�f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �e�a�c�h� �o�f� 

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

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



�5�8� 

�L�u�b�e� �o�i�l� �s�y�s�t�e�m� 

�A� �m�o�t�o�r�-�d�r�i�v�e�n� �p�r�i�m�i�n�g� �p�u�m�p� �o�p�e�r�a�t�e�s� �w�h�e�n� �t�h�e� �e�n�g�i�n�e� 

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

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

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

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

�a�l�a�r�m� �a�t� �1�8�5�°�F�.� �T�h�e� �h�e�a�d�e�r� �d�i�s�c�h�a�r�g�e�s� �t�o� �a� �f�i�l�t�e�r� �w�i�t�h� 

�a� �d�i�f�f�e�r�e�n�t�i�a�l� �p�r�e�s�s�u�r�e� �s�w�i�t�c�h� �(�a�t� �1�5� �p�s�i�d�,� �a�n� �a�l�a�r�m� �i�s� 

�a�c�t�i�v�a�t�e�d�:� �a�t� �2�0� �p�s�i�d�,� �a� �r�e�l�i�e�f� �v�a�l�v�e� �i�n�t�e�r�n�a�l� �t�o� �t�h�e� �f�i�l�t�e�r� 

�a�c�t�u�a�t�e�s�)�.� �F�r�o�m� �t�h�e� �f�i�l�t�e�r�,� �o�i�l� �g�o�e�s� �t�o� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� 

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

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

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

�t�h�e� �e�n�g�i�n�e�.� �F�i�g�u�r�e� �9� �i�s� �a� �f�i�r�s�t� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� 

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

�F�u�e�l� �o�i�l� �s�y�s�t�e�m� 

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

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

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

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

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

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

�i�n�d�i�v�i�d�u�a�l� �i�n�j�e�c�t�i�o�n� �p�u�m�p�s�.� �F�i�g�u�r�e� �1�0� �s�h�o�w�s� �a� �f�i�r�s�t� �l�e�v�e�l� 

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

�1�2�1�x�1�0�7 �� �a�x�1�0�7�7 � ��s�1�x�1�0�7�7 ��a�x�1�0�7�?�~ ��-�1�x�1�0�7�7� 

�p�r�i�m�i�n�g� �f�i�l�t�e�r� �e�n�g�i�n�e� �t�e�m�p�.� �f�i�l�t�e�r� �f�i�l�t�e�r� �d�/�p� 
�p�u�m�p� �]� �p�u�m�p� �H� �s�w�i�t�c�h� �s�w�i�t�c�h� 

�:� �9�8�4�6�4� �:� �-� �9�8�4�6�4� �-�9�8�4�6�4� �-� �9�8�4�6�4� 

�-�7� �-�7� �-�7� �-�7� �8�.�2�x�1�0� �8�.�2�x�1�0� �8�.�2�x�1�0�-�7� �1�x�1�0� �1�x�1�0� 
�]� �t�o� 

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

�-�8�8�0�7�9� �-� �8�8�0�7�9� �-� �8�8�0�7�9� �-�9�8�4�6�4� �-�9�8�4�6�4� 

�R� �=� �(�.�9�8�4�6�4�)�°�(�.�8�8�0�7�9�)�?� �=� �0�.�6�0�3�7� �s�y�s�t�e�m� �.� �°� �°� 

�N�o�t�e�:� �T�h�e� �n�u�m�b�e�r�s� �o�n� �t�o�p� �o�f� �t�h�e� �b�l�o�c�k�s� �a�r�e� �t�h�e� �c�o�m�p�o�n�e�n�t� 
�f�a�i�l�u�r�e� �r�a�t�e�s� �(�f�a�i�l�u�r�e�s�/�h�o�u�r�)�.� �|� 
�b�l�o�c�k�s� �a�r�e� �t�h�e� �c�o�m�p�o�n�e�n�t� �r�e�l�i�a�b�i�l�i�t�i�e�s� �f�o�r� �1�5�4�,�8�0�0� �h�o�u�r�s�.� 

�F�i�g�u�r�e� �9�.� 

�T�h�e� �n�u�m�b�e�r�s� �u�n�d�e�r�n�e�a�t�h� �t�h�e� 

�L�u�b�e� �0�1�1� �S�y�s�t�e�m� �R�e�l�i�a�b�i�l�i�t�y� �B�l�o�c�k� �D�i�a�g�r�a�m
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�u�w�x�1�0�7�®� �=�=� �i�x�i�0�7�8� �=� �i�x�i�0�7�7�(�e�a�.�)� �=� �1�x�1�0�7�8� �)� �=�8�.�2�x�1�0�7�7� �~�= �� �4�1� �x�1�0�7�7� 

�F�u�e�l� �D�a�y� �3� �p�a�r�a�l�l�e�l� �V�a�l�v�e� �S�t�r�a�i�n�e�r� �S�t�r�a�i�n�e�r� 
�l�i�n�e� �|�q�_� �t�a�n�k� �l�e�v�e�l� �a�/�p� �S�w�i�t�.� 

�s�w�i�t�c�h�e�s� 

�-�9�9�8�4�5� �-�9�9�8�4�5� �-�9�9�9�9�9� �-�9�9�8�4�5� �.�8�8�0�7�9� �-�9�8�4�6�4� 

�1�x�1�0�7�/� �8�.�2�x�1�0�7�?� �1�x�1�0�7�/� �1�x�1�0�7 ��  ��s� �i�x�1�0�7�8�®� �~�~� �i�x�1�0�7�?� 

�B�o�o�s�t�e�r�|� �(�S�t�r�a�i�n�e�r� �S�t�r�a�i�n�e�r� �P�r�e�s�s�.� �D�r�i�p� �M�a�n�u�a�l� 
�p�u�m�p� �a�/�p� �s�w�i�t�.�f�]� �g�a�u�g�e� �s�u�m�p� �-�|� �p�u�m�p� �t�o� 

�d�a�y� �t�a�n�k� 

�-�9�8�4�6�4� �-� �8�8�0�7�9� �-�9�8�4�6�4� �-�9�8�4�6�4� �-�9�9�8�4�5� �-�9�8�4�6�4� 

�=� �_� �_� �3� �_� �R�i�e�v�e�l� �s�w�i�t�c�h�e�s� �=� �1� �~� �(�1� �-� �-�9�8�4�6�4�)�"� �=� �0�.�9�9�9�9�9� 

�R� �=� �(�.�9�9�8�4�5�)� �*�(�.�9�9�9�9�9�)� �(�.�8�8�0�7�9�)�  ��(�.�9�8�4�6�4�)�>� �~� �0�.�7�1�3�6� �s�y�s�t�e�m� �°� �°� �°� �°� 

�F�i�g�u�r�e� �1�0�.� �F�u�e�l� �O�i�l� �S�y�s�t�e�m� �R�e�l�i�a�b�i�l�i�t�y� �B�l�o�c�k� �D�i�a�g�r�a�m



�6�1� 

�J�a�c�k�e�t� �w�a�t�e�r� �s�y�s�t�e�m� 

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

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

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

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

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

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

�t�h�a�t� �i�s� �v�e�n�t�e�d� �t�o� �t�h�e� �e�x�p�a�n�s�i�o�n� �t�a�n�k�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� 

�t�h�e� �s�y�s�t�e�m�,� �t�h�e�r�e� �a�r�e� �t�w�o� �t�e�m�p�e�r�a�t�u�r�e� �s�w�i�t�c�h�e�s� �f�o�r� �h�i�g�h� 

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

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

�c�o�n�t�r�o�l�l�i�n�g� �v�a�l�v�e�,� �w�i�t�h� �o�n�e� �o�u�t�l�e�t� �p�a�t�h� �t�o� �t�h�e� �h�e�a�t� 

�e�x�c�h�a�n�g�e�r�,� �a�n�d� �t�h�e� �o�t�h�e�r� �t�o� �t�h�e� �s�u�c�t�i�o�n� �o�f� �t�h�e� �p�u�m�p�.� �J�a�c�k�e�t� 

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

�F�i�g�u�r�e� �1�1� �s�h�o�w�s� �t�h�e� �f�i�r�s�t� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� �d�i�a�g�r�a�m� 

�f�o�r� �t�h�e� �j�a�c�k�e�t� �w�a�t�e�r� �s�y�s�t�e�m�.� 

�S�t�a�r�t�i�n�g� �a�i�r� �s�y�s�t�e�m� 

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

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

�s�t�a�r�t�s�)�,� �t�w�o� �c�o�n�t�r�o�l� �s�t�a�r�t� �s�o�l�e�n�o�i�d�s�,� �a�n�d� �t�w�o� �s�t�a�r�t� �m�o�t�o�r�s�.� 

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

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

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

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

�o�n� �t�h�e� �a�i�r� �r�e�c�e�i�v�e�r�;� �o�n�e� �c�o�n�t�r�o�l�s� �a�n� �a�l�a�r�m�,� �w�h�i�l�e� �t�h�e� �o�t�h�e�r
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�J�a�c�k�e�t� �C�o�o�l�i�n�g� �W�a�t�e�r� �S�y�s�t�e�m� 
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�1�x�1�0�7�8� �8�.�2�x�1�0�7 �� �8�.�2�x�1�0�-�7�(�e�a�.�)� �1�x�1�0�-�7� 

�e�x�p�.� �|� �p�u�m�p� �f�i�v�e� �p�a�r�a�l�l�e�l� �t�h�e�r�m�o�m�e�t�e�r� 
�t�a�n�k� �p�r�e�s�s�.� �s�w�i�t�.� 

�-�9�9�8�4�5� �-�8�8�0�7�9� �9�9�9�9�8� �-�9�8�4�6�4� 

�1�x�1�0�7�/� �8�.�2�x�1�0�7�/� �8�.�2�x�1�0�7�/� 

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

�-�9�8�4�6�4� �-�8�8�0�7�9� �-� �8�8�0�7�9� 

�_� �_� �_� �5� �R�o�r�e�s�s�u�r�e� �s�w�i�t�c�h�e�s� �~� �1� �~� �(�1� �-� �-�8�8�0�7�9�)� �0�.�9�9�9�9�8� 

�_� �3� �2� �_� 
�R�e�y�s�t�e�m� �=� �(�.�9�9�8�4�5�)� �(�.�8�8�0�7�9�)�~� �(�.�9�9�9�9�8�)� �(�.�9�8�4�6�4�)�~� �=� �0�.�6�6�1�4� 

�F�i�g�u�r�e� �1�1�.� �C�o�o�l�i�n�g� �W�a�t�e�r� �S�y�s�t�e�m� �R�e�l�i�a�b�i�l�i�t�y� �B�l�o�c�k� �D�i�a�g�r�a�m



�6�3� 

�c�o�n�t�r�o�l�s� �t�h�e� �c�o�m�p�r�e�s�s�o�r�.� �A�n� �e�q�u�a�l�i�z�i�n�g� �l�i�n�e� �c�a�n� �c�o�n�n�e�c�t� �a�l�l� 

�t�h�r�e�e� �a�i�r� �r�e�c�e�i�v�e�r�s� �i�f� �n�e�c�e�s�s�a�r�y�.� �F�r�o�m� �t�h�e� �r�e�c�e�i�v�e�r�,� �a�i�r� 

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

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

�p�u�r�p�o�s�e�s�)�,� �a� �c�o�n�t�r�o�l� �s�t�a�r�t� �v�a�l�v�e�,� �a�n�d� �t�h�e� �a�i�r� �s�t�a�r�t� �m�o�t�o�r�.� 

�F�i�g�u�r�e� �1�2� �s�h�o�w�s� �t�h�e� �f�i�r�s�t� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� �d�i�a�g�r�a�m� 

�f�o�r� �t�h�e� �s�t�a�r�t�i�n�g� �a�i�r� �s�y�s�t�e�m�.� 

�F�i�g�u�r�e� �1�3� �s�h�o�w�s� �t�h�e� �m�a�j�o�r� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�n�t�r�o�l� �(�I�&�C�)� 

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

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

�p�l�a�n�t�s �� �E�D�G� �I�&�C� �s�y�s�t�e�m�s�.� �T�h�i�s� �d�o�e�s� �n�o�t� �m�e�a�n� �t�h�e� �I�&�C� �s�y�s�t�e�m� 

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

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

�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �d�u�e� �t�o� �t�h�e� �I�&�C� �s�y�s�t�e�m� �c�o�m�p�l�e�x�i�t�y�.� �T�h�e� 

�I�T�&�C� �s�y�s�t�e�m� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �g�r�e�a�t�e�r� �d�e�t�a�i�l� �i�n� �T�a�s�k� �2�0�3�.
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�1�x�1�0�7�?� 
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�_� �_� �_� �s�w�i�t�.� 
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�c�o�m�p�r�e�s�s�o�r� �r�e�l�i�e�f� �a�i�r� 

�v�a�l�v�e� �r�e�c�e�i�v�e�r� �-�7� �i� 
�1�x�1�0� 

�-�9�9�8�4�5� �-�9�8�4�6�4� �-�9�9�8�4�5� 

�p�r�e�s�s�.� 
�s�w�i�t�.� 

�-�9�8�4�6�4� 

�1�x�1�0�7�/� �1�x�1�0�7�?� �1�x�1�0�7�/� �1�.�6�x�1�0�7�~�°� 

�r�e�l�i�e�f� �s�o�l�e�n�o�i�d� �s�o�l�e�n�o�i�d� �a�i�r� 
�v�a�l�v�e� �v�a�l�v�e� �v�a�l�v�e� �m�o�t�o�r� 

�-�9�8�4�6�4� �-�9�8�4�6�4� �-�9�8�4�6�4� �-�7�8�0�6�1� 
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�1�x�1�0�7�?� �1�x�1�0�7�/� �1�x�1�0�7�?� �1�.�6�x�1�0�~� �©� 

�r�e�l�i�e�f� �s�o�l�e�n�o�i�d� �s�o�l�e�n�o�i�d� �|� �a�i�r� 
�v�a�l�v�e� �v�a�l�v�e� �v�a�l�v�e� �|� �m�o�t�o�r� 

�e�e� �L� �L� 
�-�9�8�4�6�4� �-�9�8�4�6�4� �-�9�8�4�6�4� �-�7�8�0�6�1� 

�.�9�8�4�6�4� �+� �.�9�8�4�6�4� �-� �(�.�9�8�4�6�4�)�%� �=� �0�.�9�9�9�7�6� �R�o�r�e�s�s�u�r�e� �s�w�i�t�c�h�e�s� �~� 
�.�9�8�4�6�4� �+� �.�9�8�4�6�4� �-� �(�.�9�8�4�6�4�)�2� �=� �0�.�9�9�9�7�6� �R�r�e�l�i�e�f� �v�a�l�v�e�s� �~� 

�R�o�o�1�.� �+� �s�o�l�.� �+� �m�o�t�o�r� �~� �(�.�9�8�4�6�4�)�°�(�.�7�8�0�6�1�)� �=� �0�.�7�5�6�8�1� 

�R�e�i�n�a�l� �s�i�x� �c�o�m�p�s�.� �=� �°�7�9�6�8�1� �+� �-�7�5�6�8�1� �-� �(�.�7�5�6�8�1�)�*� �=� �0�.�9�4�0�8�6� 
�R�e�y�s�t�e�m� �=� �(�.�9�9�8�4�5�)� �7�(�.�9�8�4�6�4�)� �(�.�9�9�9�7�6�)�7�(�.�9�4�0�8�6�)� �=� �0�.�9�2�3�1� 

�F�i�g�u�r�e� �1�2�.� �S�t�a�r�t�i�n�g� �A�i�r� �S�y�s�t�e�m� �R�e�l�i�a�b�i�l�i�t�y� �B�l�o�c�k� �D�i�a�g�r�a�m
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�E�l�e�c�t�r�i�c� �R�e�m�o�t�e� 
�C�l�a�s�s� �1�E� �A�C� �P�o�w�e�r� �C�o�n�t�r�o�l� �a�n�d� 

�D�i�s�t�r�i�b�u�t�i�o�n� �S�y�s�t�e�m� �S�u�p�p�l�i�e�s� �S�u�r�v�e�i�l�l�a�n�c�e� 
�S�y�s�t�e�m� 

�- ��  ��_� �c�g� �o�e� �e�e� 

�P�r�o�t�e�c�t�i�o�n� �a�n�d� 
�S�u�r�v�e�i�l�l�a�n�c�e�  � � �� 

�S�y�s�t�e�m� 

�E�x�c�i�t�e�r� �a�n�d� �-� 

�V�o�l�t�a�g�e� �|� �G�e�n�e�r�a�t�o�r� �D�i�e�s�e�l� �E�n�g�i�n�e� �=�=� �G�o�v�e�r�n�o�r� 
�R�e�g�u�l�a�t�o�r� �S�y�s�t�e�m� � � � � � � � � � � � � 

� � � � 
� � � � � � � � 

�F�i�g�u�r�e� �1�3�.� �I�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �C�o�n�t�r�o�l� �S�y�s�t�e�m� �F�u�n�c�t�i�o�n�s� 

�S�o�u�r�c�e�:� �N�U�R�E�G�/�C�R�-�4�5�9�0�,� �V�o�l�.� �1�,�  ��A�g�i�n�g� �o�f� �N�u�c�l�e�a�r� �S�t�a�t�i�o�n� 
�D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r�s�:� �E�v�a�l�u�a�t�i�o�n� �o�f� �O�p�e�r�a�t�i�n�g� �a�n�d� �E�x�p�e�r�t� 
�E�x�p�e�r�i�e�n�c�e�,�"� �U�.�S�.� �N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t� 
�D�.�C�.�,� �A�u�g�u�s�t� �1�9�8�7�,� �p�.� �2�.�2�.�  �� �g�e�e�n



�6�6� 

�R�e�l�i�a�b�i�l�i�t�y� �A�l�l�o�c�a�t�i�o�n� 

�T�a�s�k� �2�0�2� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�2� �i�s� �t�o� �a�s�s�u�r�e� �t�h�a�t� �o�n�c�e� 

�q�u�a�n�t�i�t�a�t�i�v�e� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �h�a�v�e� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d�,� �t�h�e�y� 

�a�r�e� �a�l�l�o�c�a�t�e�d� �t�o� �l�o�w�e�r� �l�e�v�e�l�s�.� �[�2�0�]� 

�O�n�c�e� �g�u�a�n�t�i�t�a�t�i�v�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d�,� �t�h�e�y� �a�r�e� 

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

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

�r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �i�n�i�t�i�a�l� �a�l�l�o�c�a�t�i�o�n�s� �a�r�e� �g�r�o�s�s�,� �b�u�t� 

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

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

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

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

�s�t�e�p�s� �a�r�e� �f�o�l�l�o�w�e�d�:� �(�1�)� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �d�i�a�g�r�a�m�s� �a�r�e� 

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

�a�n�d� �f�a�i�l�u�r�e� �r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e�;� �a�n�d� �(�2�)� �a�r�e�a�s� 

�w�h�i�c�h� �a�r�e� �n�e�w� �(�w�i�t�h� �n�o� �d�e�s�i�g�n� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e�)� �a�r�e� 

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

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

�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�e�s�,� �a�n�d� �o�t�h�e�r� �s�i�m�i�l�a�r� �f�a�c�t�o�r�s�.� �[�2�1�]� 

�F�i�g�u�r�e� �1�4� �s�h�o�w�s� �a� �r�e�l�i�a�b�i�l�i�t�y� �a�l�l�o�c�a�t�i�o�n� �f�o�r� �e�a�c�h� 

�d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �b�a�s�e�d� �o�n� �t�h�e� �2�7�,�3�7�4� �h�o�u�r� �M�T�B�F� �r�e�q�u�i�r�e�m�e�n�t�.� 

�-�t�/�M�T�B�F� �A�l�l�o�c�a�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �t�h�e� �e�q�u�a�t�i�o�n� �R� �=� �e� �a�n�d� 

�t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �s�u�b�s�y�s�t�e�n�.
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�D�i�e�s�e�l� �S�y�s�t�e�m� 
�T�h�r�e�e� �E�D�G�s� �i�n� �p�a�r�a�l�l�e�l� 
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� � � � � � � � 
� � 

�E�D�G� �#� �1� �E�D�G� �#� �2� �E�D�G� �#� �3� 

�M�T�B�F�=�2�7� �,�3�7�4� �M�T�B�F�=�2�7� �,� �3�7�4� �M�T�B�F�=�2�7� �,�3�7�4� 

�A�N�D� 

�I� �&� �C� �S�t�a�r�t�i�n�g� �A�i�r� �F�u�e�l� �O�i�l� �J�a�c�k�e�t� �C�o�o�l�i�n�g� �L�u�b�e� �O�i�l� 

�C�F�=�8�0�%� �C�F�=�2�%� �C�F�=�4�%� �C�F�=�6�%� �C�F�=�8�%� 

�M�=�3�4�2�4�6� �M�=�1�3�6�9�8�6�3� �M�=�6�8�4�9�3�1� �M�=�4�5�6�6�2�1� �M�=�3�4�2�4�6�5� � � � � � � � � � � � � � � � � 
� � 

� � 

�M�T�B�F� �=� �M� �=� �m�e�a�n� �t�i�m�e� �b�e�t�w�e�e�n� �f�a�i�l�u�r�e�s� �(�i�n� �h�o�u�r�s�)� 

�C�F� �=� �c�o�m�p�l�e�x�i�t�y� �f�a�c�t�o�r� 

�N�o�t�e�:� �T�h�e� �r�e�q�u�i�r�e�d� �M�T�B�F� �i�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� �e�q�u�a�t�i�o�n� 

�R� �=� �e� �t�/�M�T�B�F�,� �a�n�d� �a�l�l�o�c�a�t�e�d� �u�s�i�n�g� �t�h�e� �s�u�b�s�y�s�t�e�m� 

�c�o�m�p�l�e�x�i�t�y�.� 

�F�i�g�u�r�e� �1�4�.� �D�i�e�s�e�l� �S�y�s�t�e�m� �R�e�l�i�a�b�i�l�i�t�y� �A�l�l�o�c�a�t�i�o�n� 

� 
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�R�e�l�i�a�b�i�l�i�t�y� �P�r�e�d�i�c�t�i�o�n�s� 

�T�a�s�k� �2�0�3� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�3� �i�s� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �b�a�s�i�c� 

�r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �m�i�s�s�i�o�n� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�y�s�t�e�m� �a�n�d� 

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

�r�e�q�u�i�r�e�m�e�n�t�s� �c�a�n� �b�e� �a�c�h�i�e�v�e�d� �w�i�t�h� �t�h�e� �p�r�o�p�o�s�e�d� �d�e�s�i�g�n�.� �[�2�2�]� 

�A�s� �d�e�s�i�g�n� �w�o�r�k� �p�r�o�g�r�e�s�s�e�s�,� �p�r�e�d�i�c�t�i�o�n�s�,� �b�a�s�e�d� �o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n�.� 

�P�r�e�d�i�c�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �a�s� �e�a�r�l�y� �a�s� �p�o�s�s�i�b�l�e�,� �a�n�d� 

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

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

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



�6�9� 

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

�r�e�l�i�a�b�i�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �a�r�e�:� �(�1�)� �p�r�e�d�i�c�t�i�o�n�s� 

�b�a�s�e�d� �o�n� �a�n�a�l�y�s�i�s� �o�f� �s�i�m�i�l�a�r� �e�q�u�i�p�m�e�n�t�;� �(�2�)� �p�r�e�d�i�c�t�i�o�n�s� 

�b�a�s�e�d� �o�n� �a�n� �e�s�t�i�m�a�t�e� �o�f� �a�c�t�i�v�e� �e�l�e�m�e�n�t� �g�r�o�u�p�s�;� �(�3�)� 

�p�r�e�d�i�c�t�i�o�n�s� �b�a�s�e�d� �o�n� �a�n� �e�q�u�i�p�m�e�n�t� �p�a�r�t�s� �c�o�u�n�t�;� �a�n�d� �(�4�)� 

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

�f�a�c�t�o�r�s�.� �[�2�3�]� �T�h�e�s�e� �m�e�t�h�o�d�s� �a�r�e� �l�i�s�t�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �f�r�o�m� 

�t�h�e� �l�e�a�s�t� �s�o�p�h�i�s�t�i�c�a�t�e�d� �t�o� �t�h�e� �m�o�s�t� �s�o�p�h�i�s�t�i�c�a�t�e�d�,� �a�n�d� �a�l�s�o� 

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

�i�n� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�A� �r�e�l�i�a�b�i�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �f�o�r� �a�n� �i�n�d�i�v�i�d�u�a�l� �I�P�3� �d�i�e�s�e�l� 

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

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

�f�o�r� �t�h�e� �I�P�3� �d�i�e�s�e�l� �s�u�b�s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� �p�r�e�d�i�c�t�e�d� �b�a�s�e�d� 

�o�n� �c�o�m�p�o�s�i�t�e� �d�a�t�a� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �N�R�C� �p�u�b�l�i�c�a�t�i�o�n� 

�N�U�R�E�G�/�C�R�-�2�9�8�9�.� �T�h�i�s� �d�a�t�a� �(�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �5�)� �i�s� �t�a�k�e�n� 

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

�g�e�n�e�r�a�t�o�r�s�,� �t�h�e� �P�o�w�e�r� �A�u�t�h�o�r�i�t�y ��s� �o�t�h�e�r� �n�u�c�l�e�a�r� �p�l�a�n�t� 

�(�F�i�t�z�p�a�t�r�i�c�k�)�,� �a�n�d� �s�o�m�e� �p�l�a�n�t�s� �o�f� �t�h�e� �s�a�m�e� �v�i�n�t�a�g�e� �a�s� �I�n�d�i�a�n� 

�P�o�i�n�t� �3�,� �i�n�c�l�u�d�i�n�g�:� �B�r�o�w�n�s� �F�e�r�r�y�,� �F�i�t�z�p�a�t�r�i�c�k�,� �G�i�n�n�a�,� �I�n�d�i�a�n� 

�P�o�i�n�t�s� �2� �a�n�d� �3�,� �P�a�l�i�s�a�d�e�s�,� �R�a�n�c�h�o� �S�e�c�o�,� �S�a�l�e�m�,� �a�n�d� �T�r�o�j�a�n�.� 

�O�p�e�r�a�t�i�n�g� �h�o�u�r�s� �f�o�r� �t�h�e�s�e� �p�l�a�n�t�s� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�7�6� �t�o� 

�1�9�8�0� �w�e�r�e� �t�o�t�a�l�e�d�,� �a�s� �w�e�r�e� �i�n�d�i�v�i�d�u�a�l� �c�o�m�p�o�n�e�n�t� �f�a�i�l�u�r�e�s� 

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

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

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



�7�0� 

�T�a�b�l�e� �5� 

�D�a�t�a� �U�s�e�d� �f�o�r� �F�a�i�l�u�r�e� �R�a�t�e� �P�r�e�d�i�c�t�i�o�n�s� 

� � � � 
�P�l�a�n�t� �O�p�e�r�a�t�i�n�g� �H�o�u�r�s� �I�T�&�C� �F�a�i�l�.� �O�t�h�e�r� �C�o�m�p�.� �F�a�i�l�.� 

�B�r�o�w�n�s� �F�e�r�r�y� �3�2�9�6�6�4� �1�0� �h�e�a�t� �e�x�c�h�a�n�.� �f�o�u�l� 

�G�i�n�n�a� �8�7�6�9�6� �5� 

�I�P�2� �1�3�1�5�4�4� �1� �a�i�r� �s�t�a�r�t� �m�o�t�o�r� 

�I�P�3� �1�2�4�6�3�2� �4� 

�J�A�F� �|� �1�7�5�3�9�2� �9� �l�u�b�e� �o�i�l� �h�e�a�t�e�r� 

�P�a�l�i�s�a�d�e�s� �8�7�6�9�6� �1� �c�o�o�l�.� �p�r�e�s�s�.� �s�w�i�t�c�h� 

�R�a�n�c�h�o� �S�e�c�o� �8�7�6�9�6� �4� �a�i�r� �s�t�a�r�t� �m�o�t�o�r� 
�c�o�o�l�.� �w�a�t�e�r� �p�u�m�p� 
�f�u�e�l� �o�i�l� �s�t�r�a�i�n�e�r� 

�S�a�l�e�m� �1�0�6�7�0�4� �0� �c�o�o�l�i�n�g� �w�a�t�e�r� �v�a�l�v�e� 

�T�r�o�j�a�n� �8�7�6�9�6� �3� 

�F�a�i�l�u�r�e� �R�a�t�e� �P�r�e�d�i�c�t�i�o�n�s� �(�F�a�i�l�u�r�e�s� �p�e�r� �h�o�u�r�)� 

�I�&�C� �f�a�i�l�u�r�e�s� �3�7�/�1�2�1�8�7�2�0� �=� �3� �x� �1�0�7�°� 

�a�i�r� �s�t�a�r�t� �m�o�t�o�r� �f�a�i�l�u�r�e�s� �2�/�1�2�1�8�7�2�0� �=� �1�.�6� �x� �1�0�7�°� 

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

�f�u�e�l� �o�i�l� �s�t�r�a�i�n�e�r�;� �h�e�a�t� �e�x�c�h�a�n�g�e�r� �f�o�u�l�i�n�g�;� �l�u�b�e� �o�i�l� �h�e�a�t�e�r� 

�1�/�2�1�8�7�2�0� �=� �8�.�2� �x� �1�0�7 �� 

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

�w�e�r�e� �a�s�s�u�m�e�d� �a�t� �1� �x� �1�0�~ ��,� �a� �f�e�w� �w�e�r�e� �a�s�s�u�m�e�d� �a�t� �l�1� �x� �1�0�7�8� 

� � 

�S�o�u�r�c�e� �o�f� �d�a�t�a�:� �N�U�R�E�G�/�C�R�-�2�9�8�9�,�  ��R�e�l�i�a�b�i�l�i�t�y� �o�f� 
�E�m�e�r�g�e�n�c�y� �A�C� �P�o�w�e�r� �S�o�u�r�c�e�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�s�,�"� �U�.� �S�.� 
�N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.� �C�.�,� �J�u�l�y� �1�9�8�3�,� 
�s�e�c�t�i�o�n� �9�.�4�,� �t�a�b�l�e� �9�.�5�.�1�3�.



�7�1� 

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

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

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

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

�i�n�t�o� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n� �a�s�s�u�m�i�n�g� �a� �3�0� �y�e�a�r� �p�e�r�i�o�d�,� 

�2�1�5� �d�a�y� �p�e�r� �y�e�a�r�,� �2�4� �h�o�u�r� �a� �d�a�y� �s�e�r�v�i�c�e�.� �T�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� 

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

�r�a�t�e� �p�r�e�d�i�c�t�i�o�n�s� �a�r�e� �b�e�i�n�g� �m�a�d�e� �u�s�i�n�g� �1�0� �t�o� �1�4� �y�e�a�r� �o�l�d� 

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

�r�e�c�o�r�d�e�d� �m�a�y� �b�e� �o�p�t�i�m�i�s�t�i�c� �i�n� �t�e�r�m�s� �o�f� �c�o�m�p�o�n�e�n�t� 

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

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

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

�d�i�e�s�e�l� �s�y�s�t�e�m�.� 

�F�i�g�u�r�e� �9� �i�s� �a� �f�i�r�s�t� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� �d�i�a�g�r�a�m� 

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

�o�f� �0�.�6�0�3�7�.� �F�i�g�u�r�e� �1�0� �i�s� �a� �f�i�r�s�t� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� 

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

�r�e�l�i�a�b�i�l�i�t�y� �o�f� �0�.�7�1�3�6�.� �F�i�g�u�r�e� �1�1� �i�s� �a� �f�i�r�s�t� �l�e�v�e�l� 

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

�s�h�o�w�s� �a� �p�r�e�d�i�c�t�e�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �0�.�6�6�1�4�.� �F�i�g�u�r�e� �1�2� �i�s� �a� 

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

�s�y�s�t�e�m� �t�h�a�t� �s�h�o�w�s� �a� �p�r�e�d�i�c�t�e�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �0�.�9�3�2�1�.� 

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

�i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�n�t�r�o�l� �s�y�s�t�e�m�.� �F�o�r� �t�h�e� �d�i�e�s�e�l� �I�é�&�c� 

�s�y�s�t�e�m�,� �t�h�e� �d�a�t�a� �f�r�o�m� �N�U�R�E�G�/�C�R�-�2�9�8�9� �a�r�e� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �a�n
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�o�v�e�r�a�l�l� �s�u�b�s�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y�.� �B�a�s�e�d� �o�n� �a� �t�o�t�a�l� �r�e�p�o�r�t�e�d� 

�o�p�e�r�a�t�i�n�g� �t�i�m�e� �o�f� �1�,�2�1�8�,�7�2�0� �h�o�u�r�s� �(�o�f� �t�h�e� �p�l�a�n�t�s� �m�e�n�t�i�o�n�e�d� 

�p�r�e�v�i�o�u�s�l�y�)�,� �a�n�d� �3�7� �r�e�p�o�r�t�e�d� �f�a�i�l�u�r�e�s�,� �a� �f�a�i�l�u�r�e� �r�a�t�e� �o�f� �3� 

�x� �1�0�>� �f�a�i�l�u�r�e�s�/�h�o�u�r� �i�s� �c�a�l�c�u�l�a�t�e�d�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n�a� 

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

�s�y�s�t�e�m�s� �o�f� �0�.�0�0�9�6�1�9�.� �U�s�i�n�g� �a�l�l� �o�f� �t�h�e� �p�r�e�d�i�c�t�e�d� �s�u�b�s�y�s�t�e�m� 

�r�e�l�i�a�b�i�l�i�t�i�e�s� �i�n� �a� �s�e�r�i�e�s� �r�e�l�a�t�i�o�n�s�h�i�p�,� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

�e�q�u�a�t�i�o�n� �(�R� �=� �e� �A�t�)� �|� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �M�T�B�F� �=� �1�/�)�,� �a�n� 

�o�v�e�r�a�l�l� �p�r�e�d�i�c�t�e�d� �M�T�B�F� �o�f� �2�7�,�3�7�4� �h�o�u�r�s� �f�o�r� �a�n� �I�P�3� �d�i�e�s�e�l� �c�a�n� 

�b�e� �p�r�e�d�i�c�t�e�d� �f�o�r� �a� �3�0� �y�e�a�r� �p�e�r�i�o�d�.� 

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

�t�h�e� �I�&�C� �s�y�s�t�e�m�.� �I�n� �a�c�t�u�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� 

�t�h�e� �I�&�C� �s�y�s�t�e�m�,� �e�s�t�i�m�a�t�e�d� �i�n� �F�i�g�u�r�e� �1�4� �a�s� �8�0�%�,� �s�h�o�u�l�d� �d�r�i�v�e� 

�t�h�e� �d�e�c�i�s�i�o�n� �t�o� �e�x�p�e�n�d� �a�b�o�u�t� �8�0�%� �o�f� �t�h�e� �a�v�a�i�l�a�b�l�e� �t�i�m�e� 

�a�n�d� �r�e�s�o�u�r�c�e�s� �o�n� �t�h�e� �I�&�C� �a�r�e�a�.� �B�a�s�e�d� �o�n� �t�h�e� �f�a�i�l�u�r�e� 

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

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

�p�r�e�d�i�c�t�i�o�n� �s�h�o�u�l�d� �l�e�a�d� �t�o� �a� �d�e�t�a�i�l�e�d� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �I�&�c� 

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

�d�e�f�i�n�i�t�e�l�y� �b�e� �p�r�e�p�a�r�e�d�.� 

�A� �r�e�v�i�e�w� �o�f� �p�a�s�t� �d�i�e�s�e�l� �e�x�p�e�r�i�e�n�c�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� 

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

�I�T�&�C� �p�r�o�b�l�e�m�s� �a�r�e�a�s�,� �s�t�a�r�t�i�n�g� �w�i�t�h� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�:� 

�g�o�v�e�r�n�o�r�s�,� �b�r�e�a�k�e�r�s�,� �r�e�l�a�y�s�,� �a�n�d� �l�i�n�k�a�g�e�s�.� �G�o�v�e�r�n�o�r�s� �h�a�v�e� 

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

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

�o� �d�i�r�t� �i�n� �t�h�e� �o�i�l�,� 

�o� �l�o�w� �o�i�l� �l�e�v�e�l�,� 

�o� �v�i�b�r�a�t�i�o�n�-�i�n�d�u�c�e�d� �f�a�i�l�u�r�e�s� �(�l�o�o�s�e� �c�o�n�n�e�c�t�i�o�n�s�)�,� 

�o� �a�n�d� �d�e�f�e�c�t�i�v�e� �f�l�o�a�t� �v�a�l�v�e�s�.� 

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

�i�n� �t�h�e� �m�e�c�h�a�n�i�s�m� �a�n�d� �l�o�o�s�e� �c�o�n�n�e�c�t�i�o�n�s�.� �R�e�l�a�y�s� �h�a�v�e� �f�a�i�l�e�d� 

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

�d�u�e� �t�o� �b�i�n�d�i�n�g� �(�d�u�e� �t�o� �i�m�p�r�o�p�e�r� �l�u�b�r�i�c�a�t�i�o�n�)�,� �a�n�d� �d�u�e� �t�o� 

�j�o�i�n�t� �w�e�a�r� �t�h�a�t� �c�a�u�s�e�d� �e�x�c�e�s�s�i�v�e� �p�l�a�y�.� 

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

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

�T�h�i�s� �i�s� �t�h�e� �a�r�e�a� �w�h�e�r�e� �a� �m�a�j�o�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n� �e�f�f�o�r�t� 

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

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

�s�h�o�u�l�d� �s�h�o�w� �a� �s�u�b�s�t�a�n�t�i�a�l� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �M�T�B�F� �o�v�e�r� �t�h�e� 

�3�4�,�2�4�6� �h�o�u�r�s� �s�h�o�w�n� �i�n� �t�h�e� �F�i�g�u�r�e� �1�4� �a�l�l�o�c�a�t�i�o�n�.
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�F�a�i�l�u�r�e� �M�o�d�e�s�,� �E�f�f�e�c�t�s�,� �a�n�d� �C�r�i�t�i�c�a�l�i�t�y� �A�n�a�l�y�s�i�s� �(�F�M�E�C�A�)� 

�T�a�s�k� �2�0�4� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�4� �i�s� �t�o� �i�d�e�n�t�i�f�y� �p�o�t�e�n�t�i�a�l� �d�e�s�i�g�n� 

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

�t�h�e� �f�o�l�l�o�w�i�n�g�:� �a�l�l� �l�i�k�e�l�y� �w�a�y�s� �i�n� �w�h�i�c�h� �a� �c�o�m�p�o�n�e�n�t� �c�a�n� 

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

�[�2�4�]� 

�T�h�e� �F�M�E�C�A� �s�h�a�l�l� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� 

�p�h�a�s�e�.� �T�h�e� �F�M�E�C�A� �s�h�a�l�l� �i�n�c�l�u�d�e�:� �i�t�e�m� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�,� 

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

�e�f�f�e�c�t�s� �o�f� �f�a�i�l�u�r�e�,� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�r�e�n�c�e�,� �c�r�i�t�i�c�a�l�i�t�y� 

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

�m�e�a�s�u�r�e�s�.� �[�2�5�]� �T�h�e� �F�M�E�C�A� �w�i�l�l� �b�e� �u�s�e�d� �a�s� �i�n�p�u�t�s� �t�o� �d�e�s�i�g�n� 

�t�r�a�d�e�-�o�f�f�s�,� �s�a�f�e�t�y� �e�n�g�i�n�e�e�r�i�n�g�,� �m�a�i�n�t�e�n�a�n�c�e� �e�n�g�i�n�e�e�r�i�n�g�,� 

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

�e�n�g�i�n�e�e�r�i�n�g�.� �T�h�e� �F�M�E�C�A� �s�h�a�l�l� �b�e� �c�o�n�d�u�c�t�e�d� �i�n� �a�c�c�o�r�d�a�n�c�e� 

�w�i�t�h� �t�h�e� �M�i�l�i�t�a�r�y� �S�t�a�n�d�a�r�d� �f�o�r� �a� �F�a�i�l�u�r�e� �M�o�d�e�s�,� �E�f�f�e�c�t�s�,� 

�a�n�d� �C�r�i�t�i�c�a�l�i�t�y� �A�n�a�l�y�s�i�s� �(�M�I�L�-�S�T�D�-�1�6�2�9�)�,� �o�r� �a�n� �a�l�t�e�r�n�a�t�i�v�e� 

�a�p�p�r�o�v�e�d� �b�y� �t�h�e� �u�t�i�l�i�t�y�.� 

�T�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �p�r�o�c�e�s�s� �o�f� �p�e�r�f�o�r�m�i�n�g� �a�n� �F�M�E�C�A�,� �a� 

�t�o�p� �l�e�v�e�l� �F�M�E�C�A� �w�a�s� �p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�e� �I�P�3� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� 

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

�e�a�r�l�i�e�r� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �t�o�p� �l�e�v�e�l� �r�e�l�i�a�b�i�l�i�t�y� 

�b�l�o�c�k� �d�i�a�g�r�a�m�s� �(�F�i�g�u�r�e�s� �9� �t�h�r�o�u�g�h� �1�2�)� �w�e�r�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� 

�a� �t�o�p� �l�e�v�e�l� �F�M�E�C�A�,� �w�h�i�c�h� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.� �T�h�e� �F�M�E�C�A
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�o�f� �T�a�b�l�e� �6� �c�o�v�e�r�s� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �s�u�b�s�y�s�t�e�m�s� �t�h�a�t� �a�r�e� 

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

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

�6� �F�M�E�C�A� �t�o� �d�e�s�c�r�i�b�e� �h�o�w� �c�r�i�t�i�c�a�l� �e�a�c�h� �f�a�i�l�u�r�e� �i�s� �t�o� �t�h�e� 

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

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

�a�n�d� �j�e�o�p�a�r�d�i�z�e� �t�h�e� �m�i�s�s�i�o�n� �s�u�c�c�e�s�s� �o�f� �t�h�e� �d�i�e�s�e�l�s�,� �f�a�i�l�u�r�e�s� 

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

�e�l�e�c�t�r�i�c�a�l� �l�o�a�d�s�.� �"�C�r�i�t�i�c�a�l�"� �f�a�i�l�u�r�e�s� �a�r�e� �t�h�o�s�e� �t�h�a�t� 

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

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

�"�m�a�j�o�r�"� �f�a�i�l�u�r�e�s� �b�y� �t�h�e� �F�M�E�C�A� �a�r�e� �f�a�i�l�u�r�e�s� �t�h�a�t� �d�e�g�r�a�d�e� �t�h�e� 

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

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

�w�a�t�e�r� �i�n� �t�h�e� �f�u�e�l� �s�y�s�t�e�m�.� �F�a�i�l�u�r�e�s� �i�n� �t�h�e� �"�m�i�n�o�r�"� �c�a�t�e�g�o�r�y� 

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

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

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

�e�x�c�e�s�s�i�v�e� �d�i�e�s�e�l� �e�n�g�i�n�e� �v�a�l�v�e� �g�u�i�d�e� �c�l�e�a�r�a�n�c�e�s�.� 

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

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �F�M�E�C�A�.� �T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� �d�i�a�g�r�a�m�s� 

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

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

�F�M�E�C�A� �w�o�u�l�d� �m�o�s�t� �p�r�o�b�a�b�l�y� �u�s�e� �s�e�p�a�r�a�t�e� �r�e�l�i�a�b�i�l�i�t�y� �b�l�o�c�k� 

�d�i�a�g�r�a�m�s� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �f�l�o�w� �d�i�a�g�r�a�m�s�.� �T�h�e� �F�M�E�C�A� �p�e�r�f�o�r�m�e�d� 

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

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

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

�t�o� �s�e�t� �p�r�i�o�r�i�t�i�e�s� �f�o�r� �c�o�r�r�e�c�t�i�v�e� �a�n�d� �p�r�e�v�e�n�t�i�v�e� �a�c�t�i�o�n�s�,� 

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

�i�n�v�e�n�t�o�r�y�.
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�O�n�e� �f�i�n�a�l� �p�o�i�n�t� �t�o� �n�o�t�e� �i�s� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� �t�h�e� �F�M�E�C�A� 

�d�a�t�a�.� �T�h�e� �F�M�E�C�A� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�e� �c�o�n�c�e�p�t�u�a�l� 

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

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

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

�t�h�e� �o�u�t�p�u�t� �o�f� �t�h�e� �F�M�E�C�A� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�r�e�l�i�a�b�i�l�i�t�y�-�c�e�n�t�e�r�e�d� �m�a�i�n�t�e�n�a�n�c�e� �(�R�C�M�)� �p�r�o�g�r�a�m�.� �T�h�e� �a�i�m� 

�o�f� �t�h�e� �R�C�M� �p�r�o�g�r�a�m� �i�s� �t�o� �d�e�s�i�g�n� �a� �p�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 

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

�t�h�e� �p�o�s�s�i�b�l�e� �f�a�i�l�u�r�e� �m�o�d�e�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �F�M�E�C�A�.� �T�h�e� 

�F�M�E�C�A� �o�f� �T�a�b�l�e� �6� �l�i�s�t�s� �p�r�e�v�e�n�t�i�v�e� �m�e�a�s�u�r�e�s� �f�o�r� �t�h�e� �f�a�i�l�u�r�e� 

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

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

�T�h�e� �o�u�t�p�u�t� �o�f� �t�h�e� �F�M�E�C�A�/�R�C�M� �a�n�a�l�y�s�i�s� �w�o�u�l�d� �a�l�s�o� �b�e� �a�n� �i�n�p�u�t� 

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

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

�T�a�s�k� �2�0�5� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�5� �i�s� �t�o� �i�d�e�n�t�i�f�y� �l�a�t�e�n�t� �p�a�t�h�s� 

�w�h�i�c�h� �c�a�u�s�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �u�n�w�a�n�t�e�d� �f�u�n�c�t�i�o�n�s� �o�r� �i�n�h�i�b�i�t� 

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

�p�r�o�p�e�r�l�y�.� �[�2�6�]� 

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

�c�r�o�s�s�-�c�o�n�n�e�c�t�i�o�n� �o�f� �t�w�o� �c�i�r�c�u�i�t�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�i�s� �c�o�u�l�d� 

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

�p�r�e�s�s�u�r�e� �a�l�a�r�m� �i�s� �t�e�s�t�e�d�.� �S�n�e�a�k� �c�i�r�c�u�i�t� �a�n�a�l�y�s�i�s� �i�s� �a� 

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

�p�a�t�h�s� �a�n�d� �d�r�a�w�i�n�g� �a�n�d� �d�e�s�i�g�n� �e�r�r�o�r�s�.� �S�n�e�a�k� �p�a�t�h�s� �a�r�e� 

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

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

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

�c�o�n�d�i�t�i�o�n�;� �i�t� �d�o�e�s� �p�o�i�n�t� �o�u�t� �t�h�e� �n�e�e�d� �f�o�r� �f�u�r�t�h�e�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�.� 

�S�n�e�a�k� �c�i�r�c�u�i�t� �a�n�a�l�y�s�i�s� �i�s� �u�s�u�a�l�l�y� �p�e�r�f�o�r�m�e�d� �l�a�t�e� �i�n� 

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

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

�c�o�n�s�u�m�i�n�g� �a�n�d� �c�o�s�t�l�y�.� �B�e�c�a�u�s�e� �s�n�e�a�k� �c�i�r�c�u�i�t� �a�n�a�l�y�s�e�s� 

�a�r�e� �g�e�n�e�r�a�l�l�y� �c�o�s�t�l�y�,� �t�h�e�y� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �o�n�l�y� �f�o�r� 

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

�F�o�r� �t�h�e� �E�D�G� �s�y�s�t�e�m�,� �s�n�e�a�k� �c�i�r�c�u�i�t� �a�n�a�l�y�s�i�s� �m�a�y� �b�e� 

�d�e�s�i�r�a�b�l�e� �f�o�r� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �c�i�r�c�u�i�t�r�y� �t�h�a�t� �s�e�n�d�s� �t�h�e
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�"�S�t�a�r�t�"� �s�i�g�n�a�l� �t�o� �t�h�e� �E�D�G ��s�,� �s�i�n�c�e� �t�h�i�s� �i�s� �a� �m�i�s�s�i�o�n� 

�c�r�i�t�i�c�a�l� �f�u�n�c�t�i�o�n�.
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�E�l�e�c�t�r�o�n�i�c� �P�a�r�t�s�/�C�i�r�c�u�i�t�s� �T�o�l�e�r�a�n�c�e� �A�n�a�l�y�s�i�s� 

�T�a�s�k� �2�0�6� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�6� �i�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� 

�o�f� �p�a�r�t�s�/�c�i�r�c�u�i�t�s� �e�l�e�c�t�r�i�c�a�l� �t�o�l�e�r�a�n�c�e�s� �a�n�d� �p�a�r�a�s�i�t�i�c� 

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

�t�e�m�p�e�r�a�t�u�r�e�s�.� �[�2�7�]� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �w�i�l�l� �v�e�r�i�f�y� �t�h�a�t�,� �g�i�v�e�n� �r�e�a�s�o�n�a�b�l�e� 

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

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

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

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

�v�a�r�i�a�n�c�e�s�,� �t�e�m�p�e�r�a�t�u�r�e� �e�f�f�e�c�t�s�,� �a�n�d� �i�n�s�t�r�u�m�e�n�t� �d�r�i�f�t� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �e�x�a�m�i�n�e�d� �s�h�a�l�l� �i�n�c�l�u�d�e� 

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

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

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

�u�n�d�e�r� �w�o�r�s�t� �c�a�s�e� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �i�s� �g�e�n�e�r�a�l�l�y� �p�e�r�f�o�r�m�e�d� �a�s� �a� �m�a�t�r�i�x�-�t�y�p�e� 

�a�n�a�l�y�s�i�s�,� �w�i�t�h� �u�s�e� �o�f� �a� �c�o�m�p�u�t�e�r� �t�o� �a�n�a�l�y�z�e� �t�h�e� �m�a�t�r�i�x� 

�r�e�c�o�m�m�e�n�d�e�d�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �t�h�e� �a�n�a�l�y�s�i�s� �i�s� �g�e�n�e�r�a�l�l�y� 

�e�x�p�e�n�s�i�v�e� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �p�r�e�p�a�r�e� �t�h�e� �c�o�m�p�u�t�e�r� 

�i�n�p�u�t� �a�n�d� �t�h�e� �s�k�i�l�l� �l�e�v�e�l� �o�f� �p�e�r�s�o�n�n�e�l� �r�e�q�u�i�r�e�d�.� �F�o�r� �t�h�e� 

�d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �s�y�s�t�e�m�,� �t�h�i�s� �a�n�a�l�y�s�i�s� �w�i�l�l� �b�e� �l�i�m�i�t�e�d� 

�t�o� �t�h�e� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �"�S�t�a�r�t�"� �c�i�r�c�u�i�t�r�y�,� �b�e�c�a�u�s�e� �t�h�i�s� 

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



�9�1� 

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

�s�p�e�c�i�f�i�e�d� �a�s� �6�0�°�F� �t�o� �1�0�0�°�F�.� �T�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �s�h�a�l�l� �b�e� 

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

�o�p�e�r�a�t�i�o�n� �a�t� �e�i�t�h�e�r� �e�x�t�r�e�m�e� �o�f� �t�h�e� �r�a�n�g�e�.� �T�h�e� �d�a�t�a� �a�n�d� 

�r�e�s�u�l�t�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �s�h�a�l�l� �b�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �u�t�i�l�i�t�y� 

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



�9�2� 

�P�a�r�t�s� �P�r�o�g�r�a�m� 

�T�a�s�k� �2�0�7� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�7� �i�s� �t�o� �c�o�n�t�r�o�l� �t�h�e� �s�e�l�e�c�t�i�o�n� �a�n�d� 

�u�s�e� �o�f� �s�t�a�n�d�a�r�d� �a�n�d� �n�o�n�s�t�a�n�d�a�r�d� �p�a�r�t�s�.� �[�2�8�]� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h� �f�r�o�m� �A�p�p�e�n�d�i�x� �A� �o�f� �M�I�L�-�S�T�D�-�7�8�5�B� 

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

�C�o�n�d�u�c�t�i�n�g� �a�n� �a�g�g�r�e�s�s�i�v�e� �p�a�r�t�s� �c�o�n�t�r�o�l� 
�a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �i�n�c�r�e�a�s�e�s� �t�h�e� 
�p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�c�h�i�e�v�i�n�g� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� 
�i�n�h�e�r�e�n�t� �e�q�u�i�p�m�e�n�t� �r�e�l�i�a�b�i�l�i�t�y�,� 
�m�i�n�i�m�i�z�e�s� �p�a�r�t�s� �p�r�o�l�i�f�e�r�a�t�i�o�n�,� �l�o�g�i�s�t�i�c�s� 
�s�u�p�p�o�r�t� �c�o�s�t�s�,� �a�n�d� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e� 
�c�o�s�t�s�.� �T�h�e� �a�d�d�e�d� �i�n�v�e�s�t�m�e�n�t� �r�e�q�u�i�r�e�d� 
�f�o�r� �a� �v�i�g�o�r�o�u�s� �p�r�o�g�r�a�m� �w�h�i�c�h� �c�o�n�t�r�o�l�s� 
�p�a�r�t�s� �s�e�l�e�c�t�i�o�n� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n� �c�a�n� 
�b�e� �o�f�f�s�e�t� �b�y� �r�e�d�u�c�e�d� �s�y�s�t�e�m� �l�i�f�e� �c�y�c�l�e� 
�c�o�s�t�s� �f�o�r� �r�e�p�a�r�a�b�l�e� �s�y�s�t�e�m�s� �a�n�d� �b�y� 
�o�v�e�r�a�l�l� �s�y�s�t�e�m� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�n�o�n�r�e�p�a�r�a�b�l�e� �s�y�s�t�e�m�s�.� �I�n� �s�o�m�e� �c�a�s�e�s� 
�t�h�e� �u�s�e� �o�f� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �p�a�r�t�s� �c�a�n� 
�e�v�e�n� �l�o�w�e�r� �i�t�e�m� �a�c�q�u�i�s�i�t�i�o�n� �c�o�s�t� �t�h�r�o�u�g�h� 
�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �a�s�s�e�m�b�l�y� �l�i�n�e� 
�r�e�w�o�r�k� �a�s� �w�e�l�l� �a�s� �e�l�i�m�i�n�a�t�e� �a�d�d�i�t�i�o�n�a�l� 
�c�o�s�t�s� �f�o�r� �d�r�a�w�i�n�g�s� �a�n�d� �t�e�s�t� �d�a�t�a� 
�r�e�q�u�i�r�e�d� �w�h�e�n� �u�s�i�n�g� �n�o�n�s�t�a�n�d�a�r�d� �p�a�r�t�s�.� 
�[�2�9�]� 

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

�f�r�e�q�u�e�n�c�y� �o�f� �r�e�p�a�i�r� �(�e�.�g�.�,� �m�e�a�n� �t�i�m�e� �b�e�t�w�e�e�n� �r�e�p�l�a�c�e�m�e�n�t�)�,� 

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

�n�o�r�m�a�l� �a�n�d� �a�b�n�o�r�m�a�l� �(�e�.�g�.�,� �w�e�e�k�e�n�d�s�)� �c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� 

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

�A�t� �I�n�d�i�a�n� �P�o�i�n�t� �3�,� �a� �D�G� �r�e�p�a�i�r� �w�a�s� �o�n�c�e� �d�e�l�a�y�e�d� �f�o�r� �7�4� 

�h�o�u�r�s� �w�h�i�l�e� �w�a�i�t�i�n�g� �f�o�r� �g�o�v�e�r�n�o�r� �p�a�r�t�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� 

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



�9�3� 

�d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �s�y�s�t�e�m�:� 

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

�0
�o

�0
�0
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�0
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�0
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�T�h�e� �E�D�G� �s�y�s�t�e�m� �i�s� �a� �n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t� �s�a�f�e�t�y�-�r�e�l�a�t�e�d� 

�s�y�s�t�e�m�;� �a� �s�a�f�e�t�y�-�r�e�l�a�t�e�d� �s�y�s�t�e�m� �i�s� �o�n�e� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d� �t�o� 

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

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

�s�a�f�e�t�y�-�r�e�l�a�t�e�d� �s�y�s�t�e�m�,� �t�h�e� �E�D�G� �p�a�r�t�s� �p�r�o�g�r�a�m� �i�s� �r�e�q�u�i�r�e�d� �t�o� 

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

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

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

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

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

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

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

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

�s�t�r�e�s�s� �c�o�n�d�i�t�i�o�n�s� �b�e�l�o�w� �r�a�t�e�d� �v�a�l�u�e�s� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� �a� 

�"�r�e�l�i�a�b�i�l�i�t�y� �m�a�r�g�i�n�"�;� �f�o�r� �e�x�a�m�p�l�e�,� �u�s�i�n�g� �a� �2�0�0�-�V� �c�a�p�a�c�i�t�o�r� 

�i�n� �a� �1�0�0�-�V� �a�p�p�l�i�c�a�t�i�o�n� �w�i�l�l� �i�n� �a�l�l� �p�r�o�b�a�b�i�l�i�t�y� �l�e�a�d� �t�o� 

�a� �l�o�n�g�e�r� �c�a�p�a�c�i�t�o�r� �l�i�f�e� �t�h�a�n� �i�f� �i�t� �w�a�s� �u�s�e�d� �i�n� �a� �2�0�0�-�V� 

�a�p�p�l�i�c�a�t�i�o�n�.� �[�3�0�]



�9�4� 

�P�a�r�t�s� �w�i�l�l� �b�e� �r�e�c�e�i�p�t� �i�n�s�p�e�c�t�e�d� �b�y� �u�t�i�l�i�t�y� �Q�A� �p�e�r�s�o�n�n�e�l� 

�w�h�e�n� �t�h�e�y� �a�r�r�i�v�e� �a�t� �t�h�e� �s�i�t�e�,� �a�n�d� �w�i�l�l� �b�e� �c�e�r�t�i�f�i�e�d� �a�s� �r�e�a�d�y� 

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

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

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

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

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

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

�t�h�e� �p�l�a�n�t�.� 

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

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

�r�a�n�k�i�n�g� �f�o�r� �t�h�e� �v�e�n�d�o�r�s�.� �O�n�e� �f�i�n�a�l� �p�a�r�t� �o�f� �t�h�e� �p�a�r�t�s� 

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

�i�d�e�n�t�i�f�i�e�d�,� �b�y� �u�t�i�l�i�t�i�e�s� �o�r� �t�h�e� �N�R�C�,� �a�s� �h�a�v�i�n�g� �s�u�p�p�l�i�e�d� 

�s�u�b�s�t�a�n�d�a�r�d� �o�r� �f�r�a�u�d�u�l�e�n�t� �p�a�r�t�s�.� �U�s�e� �o�f� �t�h�e�s�e� �v�e�n�d�o�r�s� �w�i�l�l� 

�b�e� �p�r�o�h�i�b�i�t�e�d�.



�9�5� 

�R�e�l�i�a�b�i�l�i�t�y�.� �C�r�i�t�i�c�a�l� �I�t�e�m�s� 

�T�a�s�k� �2�0�8� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�8� �i�s� �t�o� �i�d�e�n�t�i�f�y� �a�n�d� �c�o�n�t�r�o�l� 

�t�h�o�s�e� �i�t�e�m�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �"�s�p�e�c�i�a�l� �a�t�t�e�n�t�i�o�n�"� �b�e�c�a�u�s�e� 

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

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

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

�m�a�i�n�t�e�n�a�n�c�e�/�l�o�g�i�s�t�i�c�s� �s�u�p�p�o�r�t�.� �[�3�1�]� 

�R�e�l�i�a�b�i�l�i�t�y� �c�r�i�t�i�c�a�l� �i�t�e�m�s�,� �a�s� �d�e�f�i�n�e�d� �b�y� �t�a�s�k� �2�0�8�,� 

�a�r�e� �n�o�t� �l�i�m�i�t�e�d� �t�o� �i�t�e�m�s� �c�a�t�e�g�o�r�i�z�e�d� �a�s� �"�c�a�t�a�s�t�r�o�p�h�i�c�"� �o�r� 

�"�c�r�i�t�i�c�a�l�"� �b�y� �t�h�e� �F�M�E�C�A�,� �a�l�t�h�o�u�g�h� �t�h�e�s�e� �i�t�e�m�s� �a�r�e� �c�e�r�t�a�i�n�l�y� 

�i�n�c�l�u�d�e�d�.� �R�e�l�i�a�b�i�l�i�t�y� �c�r�i�t�i�c�a�l� �i�t�e�m�s� �i�n�c�l�u�d�e� �t�h�o�s�e� �w�h�o�s�e� 

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

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

�a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �r�e�l�i�a�b�i�l�i�t�y� �c�r�i�t�i�c�a�l� �f�o�r� �l�i�f�e� �c�y�c�l�e� 

�c�o�s�t�.� �O�t�h�e�r� �i�t�e�m�s� �d�e�e�m�e�d� �r�e�l�i�a�b�i�l�i�t�y� �c�r�i�t�i�c�a�l� �f�o�r� �t�h�i�s� �t�a�s�k� 

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

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

�u�s�e�d� �i�n� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s�,� �o�r� �c�r�i�t�i�c�a�l�-�u�s�e�f�u�l�-�l�i�f�e� �i�t�e�m�s�.� �A� 

�c�r�i�t�i�c�a�l�-�u�s�e�f�u�l�-�l�i�f�e� �i�t�e�m� �i�s� �o�n�e� �w�h�i�c�h�,� �b�e�c�a�u�s�e� �o�f� �i�t�s� �s�h�o�r�t� 

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

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

�m�a�i�n�t�e�n�a�n�c�e� �i�s� �p�e�r�f�o�r�m�e�d�.� �[�3�2�]� �T�o� �p�r�o�p�e�r�l�y� �d�e�s�i�g�n� �f�o�r� 

�s�y�s�t�e�m� �s�u�p�p�o�r�t�a�b�i�l�i�t�y�,� �a�l�l� �c�r�i�t�i�c�a�l�-�u�s�e�f�u�l�-�l�i�f�e� �i�t�e�m�s� 

�s�h�o�u�l�d� �b�e� �e�l�i�m�i�n�a�t�e�d�.� �R�e�l�i�a�b�i�l�i�t�y� �c�r�i�t�i�c�a�l� �i�t�e�m�s� �a�r�e� 

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

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

�i�m�p�r�o�v�e�m�e�n�t�.� 

�I�t�e�m�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �c�a�t�a�s�t�r�o�p�h�i�c� �b�y� �t�h�e� �F�M�E�C�A� �i�n�c�l�u�d�e�:� 

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

�o�i�l� �s�y�s�t�e�m� �d�a�y� �t�a�n�k�,� �s�t�r�a�i�n�e�r�,� �a�n�d� �b�o�o�s�t�e�r� �p�u�m�p�,� �a�n�d� �t�h�e� 

�s�t�a�r�t�i�n�g� �a�i�r� �s�y�s�t�e�m� �s�t�a�r�t�i�n�g� �m�o�t�o�r�s�,� �c�o�n�t�r�o�l� �v�a�l�v�e�s�,� �a�n�d� 

�r�e�l�i�e�f� �v�a�l�v�e�s�.� �A�n�o�t�h�e�r� �c�r�i�t�i�c�a�l� �i�t�e�m� �f�o�r� �t�a�s�k� �2�0�8� �w�i�l�l� �b�e� 

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

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

�T�a�s�k� �2�0�9� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �2�0�9� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

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

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

�r�e�l�i�a�b�i�l�i�t�y�.� �[�3�3�]� 

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

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

�p�l�a�n�.� �S�h�i�p�m�e�n�t� �w�i�l�l� �b�e� �i�n� �a� �l�i�m�i�t�e�d� �q�u�a�n�t�i�t�y� �(�n�o� �m�o�r�e� �t�h�a�n� 

�s�i�x� �e�x�p�e�c�t�e�d� �f�o�r� �a� �t�w�o�-�r�e�a�c�t�o�r�-�p�l�a�n�t� �s�i�t�e�)�,� �s�o� �a�n� �o�n�g�o�i�n�g� 

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

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

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

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

�i�n�s�t�a�l�l�a�t�i�o�n� �i�n�t�o� �t�h�e� �d�i�e�s�e�l� �s�t�r�u�c�t�u�r�e� �w�i�l�l� �a�l�s�o� �b�e� �t�h�e� 

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

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

�S�h�i�p�p�i�n�g� �o�f� �t�h�e� �d�i�e�s�e�l�s� �t�o� �t�h�e� �s�i�t�e� �i�s� �e�x�p�e�c�t�e�d� �t�o� �h�a�v�e� �n�o� 

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

�T�a�s�k� �2�0�9� �r�e�q�u�i�r�e�s� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �a� �f�u�n�c�t�i�o�n�a�l� �t�e�s�t�i�n�g� 

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

�s�y�s�t�e�m� �t�e�s�t�i�n�g� �i�s� �g�o�v�e�r�n�e�d� �b�y� �e�x�i�s�t�i�n�g� �N�R�C� �r�e�g�u�l�a�t�i�o�n�s�.� �T�h�e� 

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

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

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

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

�i�n�o�p�e�r�a�b�l�e�.� �O�n�c�e� �e�v�e�r�y� �t�w�o� �y�e�a�r�s�,� �a� �l�o�s�s� �o�f� �a�l�l� �a�c� �p�o�w�e�r� 

�w�i�l�l� �b�e� �s�i�m�u�l�a�t�e�d�,� �a�n�d� �t�h�e� �E�D�G ��s� �s�h�o�u�l�d� �s�t�a�r�t� �a�n�d� �a�s�s�u�m�e� 

�l�o�a�d� �w�i�t�h�i�n� �6�0� �s�e�c�o�n�d�s�.� �F�o�l�l�o�w�i�n�g� �e�a�c�h� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� 

�r�u�n�,� �t�h�e� �D�G� �l�o�a�d�i�n�g� �s�h�o�u�l�d� �b�e� �g�r�a�d�u�a�l�l�y� �r�e�d�u�c�e�d� �o�v�e�r� �f�i�v�e� 

�t�o� �t�e�n� �m�i�n�u�t�e�s�,� �t�o� �a�l�l�o�w� �t�h�e� �d�i�e�s�e�l� �t�o� �c�o�o�l� �d�o�w�n�.� �D�u�r�i�n�g� 

�a�l�l� �d�i�e�s�e�l� �o�p�e�r�a�t�i�o�n�s�,� �i�m�p�o�r�t�a�n�t� �d�i�e�s�e�l� �p�a�r�a�m�e�t�e�r�s� �w�i�l�l� 

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

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

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

�a�s� �l�o�n�g� �a�s� �t�h�e� �o�p�e�r�a�b�l�e� �u�n�i�t�(�s�)� �a�r�e� �t�e�s�t�e�d� �t�o� �e�n�s�u�r�e� 

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

�t�h�r�e�e� �d�a�y�s�,� �a�s� �o�p�p�o�s�e�d� �t�o� �t�h�e� �e�v�e�r�y� �d�a�y� �r�e�q�u�i�r�e�m�e�n�t� �t�h�a�t� 

�m�a�n�y� �p�l�a�n�t�s� �c�u�r�r�e�n�t�l�y� �h�a�v�e�.� �T�h�i�s� �r�e�q�u�i�r�e�m�e�n�t� �w�i�l�l� �h�e�l�p� 

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

�m�i�n�i�m�i�z�e�d�.� 

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

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

�t�h�e� �R�C�M� �a�n�a�l�y�s�i�s�.� �T�h�e� �R�C�M� �a�n�a�l�y�s�i�s� �t�a�k�e�s� �t�h�e� �p�r�e�v�e�n�t�i�v�e� 

�m�a�i�n�t�e�n�a�n�c�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� �F�M�E�C�A�,� �a�n�d� �d�e�s�i�g�n�s� �t�h�e� 

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

�f�a�i�l�u�r�e� �c�o�n�s�e�q�u�e�n�c�e�s�.� �M�a�i�n�t�e�n�a�n�c�e� �i�s� �o�n�e� �o�f� �t�h�e� �m�a�i�n� �a�r�e�a�s� 

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

�p�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� �a�c�t�i�o�n�s� �w�i�l�l� �a�l�s�o� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� 

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



�9�9� 

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

�s�t�u�d�y�i�n�g� �p�a�s�t� �d�i�e�s�e�l� �o�p�e�r�a�t�i�n�g� �h�i�s�t�o�r�y�.� �T�a�b�l�e� �7� �l�i�s�t�s� �s�o�m�e� 

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



�1�0�0� 

�T�a�b�l�e� �7� 
�E�x�p�e�r�t� �R�e�c�o�m�m�e�n�d�e�d� �D�i�e�s�e�l� �S�u�r�v�e�i�l�l�a�n�c�e� 

� � 

�G�o�v�e�r�n�o�r� 

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

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

�a�r�e�:� �c�h�e�c�k� �t�h�e� �g�o�v�e�r�n�o�r� �o�i�l� �l�e�v�e�l�,� �a�n�d� �c�h�e�c�k� �t�h�e� �l�i�n�k�a�g�e� 

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

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

�C�o�o�l�i�n�g� �S�y�s�t�e�m� �P�i�p�i�n�g� 

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

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

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

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

�T�u�r�b�o�c�h�a�r�g�e�r� 

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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e� �v�e�r�s�u�s� �l�o�a�d�.� 

�L�u�b�r�i�c�a�t�i�n�g� �O�i�l� �P�u�m�p� 

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

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

�S�o�u�r�c�e�:� �N�U�R�E�G�/�C�R�-�5�0�7�8�,� �V�o�l�u�m�e� �I�,� �"�A� �R�e�l�i�a�b�i�l�i�t�y� 
�P�r�o�g�r�a�m� �f�o�r� �E�m�e�r�g�e�n�c�y� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� 
�P�l�a�n�t�s�,�"� �U�.�S�.� �N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� 
�D�.�C�.�,� �A�p�r�i�l� �1�9�8�8�,� �p�.� �4�-�1�.
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�N�e�c�e�s�s�a�r�y� �c�o�r�r�e�c�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� �w�i�l�l� �b�e� �d�e�t�e�r�m�i�n�e�d� 

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

�w�i�t�h� �t�h�e� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �S�y�s�t�e�m� �E�n�g�i�n�e�e�r�.� �T�h�e� �a�d�e�q�u�a�c�y� �o�f� 

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

�r�e�-�t�e�s�t�i�n�g�.� �A�n�y� �n�o�n�-�r�o�u�t�i�n�e� �r�e�-�t�e�s�t�,� �o�r� �r�e�-�t�e�s�t� �r�e�q�u�i�r�i�n�g� 

�s�p�e�c�i�a�l� �p�l�a�n�t� �c�o�n�d�i�t�i�o�n�s� �t�o� �b�e� �e�s�t�a�b�l�i�s�h�e�d�,� �w�i�l�l� �b�e� 

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

�b�y� �t�h�e� �D�G� �s�y�s�t�e�m� �e�n�g�i�n�e�e�r�,� �w�i�t�h� �t�h�e� �a�p�p�r�o�v�a�l� �o�f� �t�h�e� �p�l�a�n�t� 

�m�a�i�n�t�e�n�a�n�c�e� �d�e�p�a�r�t�m�e�n�t� �a�n�d� �t�h�e� �P�l�a�n�t� �O�p�e�r�a�t�i�n�g� �R�e�v�i�e�w� 

�C�o�m�m�i�t�t�e�e�.� �O�n�e� �i�m�p�o�r�t�a�n�t� �a�r�e�a� �o�f� �p�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� 

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

�f�a�i�l�u�r�e�s� �r�e�c�o�r�d�e�d� �i�n�d�u�s�t�r�y� �w�i�d�e� �c�a�n� �b�e� �t�r�a�c�e�d� �t�o� �a� �r�o�o�t� 

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

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

�a�t� �l�e�a�s�t� �o�n�c�e� �a� �w�e�e�k�.� 

�M�a�i�n�t�e�n�a�n�c�e� �c�a�n� �b�e� �t�r�i�g�g�e�r�e�d� �b�y� �e�i�t�h�e�r� �t�i�m�e� �(�f�o�l�l�o�w�i�n�g� 

�t�h�e� �d�e�t�a�i�l�e�d� �m�a�i�n�t�e�n�a�n�c�e� �p�l�a�n�)�,� �o�r� �b�y� �c�o�n�d�i�t�i�o�n�s� �n�o�t�e�d� �w�h�i�l�e� 

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

�a�c�t�i�o�n�s� �w�i�l�l� �b�e� �p�r�i�o�r�i�t�i�z�e�d� �f�o�r� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n� �g�e�n�e�r�a�l�,� 

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

�p�r�e�v�e�n�t�i�v�e� �m�a�i�n�t�e�n�a�n�c�e� �n�e�e�d�s�.� �I�n�p�u�t�s� �t�o� �t�h�e� �p�r�i�o�r�i�t�i�z�a�t�i�o�n� 

�p�r�o�c�e�s�s� �w�i�l�l� �i�n�c�l�u�d�e� �a�n�y� �s�p�e�c�i�a�l� �c�o�n�d�i�t�i�o�n�s� �r�e�q�u�i�r�e�d� �t�o� 

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

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

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

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

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

�f�o�r� �c�h�e�c�k�i�n�g� �t�h�e� �o�i�l� �l�e�v�e�l� �m�o�r�e� �o�f�t�e�n�)�.� 

�T�h�e� �R�C�M� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �v�e�n�d�o�r ��s� �m�a�n�u�a�l� �w�i�l�l� �r�e�q�u�i�r�e� 

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

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

�a�s� �c�h�e�c�k�i�n�g� �t�h�e� �s�t�a�r�t�i�n�g� �a�i�r� �p�r�e�s�s�u�r�e�)�,� �d�a�i�l�y� �c�h�e�c�k�s� �(�e�.�g�.�,� 

�s�y�s�t�e�m� �l�e�a�k� �c�h�e�c�k�s�)�,� �w�e�e�k�l�y� �c�h�e�c�k�s� �(�s�u�c�h� �a�s� �o�i�l� �l�e�v�e�l� 

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

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

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

�d�e�t�a�i�l�e�d� �m�a�i�n�t�e�n�a�n�c�e� �p�l�a�n� �w�i�l�l� �b�e� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� 

�o�n� �p�r�i�m�a�r�i�l�y� �o�n� �t�h�e� �R�C�M� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �v�e�n�d�o�r ��s� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� �T�a�b�l�e� �8� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �d�e�t�a�i�l�e�d� 

�d�i�e�s�e�l� �m�a�i�n�t�e�n�a�n�c�e� �p�l�a�n�;� �t�h�i�s� �p�l�a�n� �i�s� �f�o�r� �t�h�e� �I�P�3� �E�D�G ��s�.� 

�T�a�b�l�e� �8� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�a�s�e�d� �o�n� �t�h�e� �"�E�n�g�i�n�e� �M�a�i�n�t�e�n�a�n�c�e� 

�S�c�h�e�d�u�l�e�s� �f�o�r� �S�t�a�n�d�b�y� �E�n�g�i�n�e�s� �i�n� �U�s�e� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� 

�P�l�a�n�t�s�"� �s�e�c�t�i�o�n� �o�f� �t�h�e� �A�l�c�o� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �t�e�c�h�n�i�c�a�l� 

�m�a�n�u�a�l� �(�r�e�v�i�s�e�d� �2�-�2�4�-�8�9�)�.
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�R�e�c�o�r�d� �l�u�b�e� �o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �(�E�S�)� 
�C�h�e�c�k� �l�u�b�e� �o�i�l� �h�e�a�t�e�r� �p�o�w�e�r� �i�n�d�i�c�a�t�o�r� �l�i�g�h�t� �(�E�S�)� 
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�R�e�c�o�r�d� �e�n�g�i�n�e� �c�r�a�n�k�c�a�s�e� �o�i�l� �l�e�v�e�l� �(�E�S�)� 
�S�a�m�p�l�e� �l�u�b�e� �o�i�l�,� �c�h�e�c�k� �f�o�r� �w�a�t�e�r� �a�n�d� �s�l�u�d�g�e� �(�M�)� 
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�C�h�e�c�k� �s�y�s�t�e�m� �f�o�r� �l�e�a�k�s� �(�D�)� 
�S�a�m�p�l�e� �f�u�e�l�,� �c�h�e�c�k� �f�o�r� �w�a�t�e�r� �a�n�d� �s�l�u�d�g�e� �(�M�)� 
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� � 

�N�o�t�e�:� �F�r�e�q�u�e�n�c�y� �a�b�b�r�e�v�i�a�t�i�o�n�s� �a�r�e� �o�n� �p�a�g�e� �1�0�7
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�d�e�f�i�c�i�e�n�c�i�e�s� �(�l�e�a�k�s�,� �n�o�t� �p�r�o�p�e�r�l�y� �s�u�p�p�o�r�t�e�d�,� �e�t�c�.�)� �(�M�)� 
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�R�e�c�o�r�d� �c�o�n�t�r�o�l� �a�i�r� �p�r�e�s�s�u�r�e� �(�H�)� 
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�b�u�t� �d�i�f�f�e�r�e�n�t� �o�n�e� �e�a�c�h� �h�o�u�r� �i�f� �m�o�r�e� �t�h�a�n� �o�n�e� �d�i�e�s�e�l� �i�s� 
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�I�n�s�p�e�c�t�/�r�e�p�l�a�c�e� �z�i�n�c� �a�n�o�d�e�s� �(�S�)� 

�C�o�m�p�r�e�s�s�e�d� �A�i�r� 

�C�l�e�a�n� �a�n�d� �l�u�b�r�i�c�a�t�e� �a�i�r� �s�t�a�r�t� �m�o�t�o�r� �(�S�)� 
�R�e�m�o�v�e� �a�i�r� �s�t�a�r�t� �a�s�s�e�m�b�l�y� �a�n�d� �c�l�e�a�n� �a�i�r� �s�t�a�r�t� �m�o�t�o�r�;� �u�s�e� 

�n�e�w� �s�e�a�l�s� �a�n�d� �g�a�s�k�e�t�s� �(�3�)� 
�R�e�m�o�v�e�/�r�e�c�o�n�d�i�t�i�o�n� �a�i�r� �s�y�s�t�e�m� �r�e�l�i�e�f� �v�a�l�v�e�s�,� �a�i�r� �s�t�a�r�t� 

�v�a�l�v�e�s�,� �a�n�d� �a�i�r� �p�r�e�s�s�u�r�e� �r�e�d�u�c�e�r� �(�1�2�)� 
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�D�r�a�i�n�/�c�l�e�a�n�/�r�e�f�i�l�l� �l�u�b�e� �o�i�l� �s�y�s�t�e�m�;� �i�n�s�p�e�c�t�/�c�l�e�a�n� �c�o�o�l�e�r�,� 

�s�u�m�p�,� �f�i�l�t�e�r�,� �a�n�d� �s�t�r�a�i�n�e�r� �(�3�)� 
�R�e�n�e�w� �s�y�s�t�e�m� �h�o�s�e�s� �a�n�d� �c�o�u�p�l�i�n�g�s� �(�1�2�)� 
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�R�e�m�o�v�e�/�r�e�c�o�n�d�i�t�i�o�n� �l�u�b�e� �o�i�l� �p�r�i�m�i�n�g� �p�u�m�p� �(�1�2�)� 
�R�e�n�e�w� �u�p�p�e�r� �h�e�a�d�e�r� �c�h�e�c�k� �v�a�l�v�e�s� �(�1�2�)� 
�R�e�m�o�v�e�/�c�l�e�a�n�/�t�e�s�t� �l�u�b�e� �o�i�l� �h�e�a�t�e�r�s� �(�1�2�)� 

�A�l�a�r�m�s�,� �I�n�s�t�r�u�m�e�n�t�s�,� �a�n�d� �G�a�u�g�e�s� 

�T�e�s�t� �e�n�g�i�n�e� �a�l�a�r�m�s� �a�n�d� �c�o�n�t�r�o�l�s� �(�2�)
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�R�e�c�a�l�i�b�r�a�t�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�a�u�g�e�s�:� �(�A�)� 
�S�t�a�r�t�i�n�g� �a�i�r� �p�r�e�s�s�u�r�e� 
�J�a�c�k�e�t� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 
�A�i�r� �m�a�n�i�f�o�l�d� �p�r�e�s�s�u�r�e� �©� 
�F�u�e�l� �o�i�l� �p�r�e�s�s�u�r�e� 
�L�u�b�e� �o�i�l� �p�r�e�s�s�u�r�e� 
�J�a�c�k�e�t� �w�a�t�e�r� �i�n�l�e�t� �p�r�e�s�s�u�r�e� 
�R�a�w� �w�a�t�e�r� �i�n�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� 
�J�a�c�k�e�t� �w�a�t�e�r� �o�u�t�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� 
�R�a�w� �w�a�t�e�r� �o�u�t�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� 
�L�u�b�e� �o�i�l� �t�e�m�p�e�r�a�t�u�r�e� 
�L�u�b�e� �o�i�l� �c�o�o�l�e�r� �i�n�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� 
�L�u�b�e� �o�i�l� �c�o�o�l�e�r� �o�u�t�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� 
�P�o�r�t�a�b�l�e� �p�y�r�o�m�e�t�e�r� 

�C�o�o�l�i�n�g� �W�a�t�e�r� �S�y�s�t�e�m� 
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�I�n�s�p�e�c�t�/�c�l�e�a�n� �c�r�a�n�k�c�a�s�e� �e�x�h�a�u�s�t�e�r� �(�A�)� 
�D�r�a�i�n�/�f�l�u�s�h�/�r�e�f�i�l�l� �g�o�v�e�r�n�o�r� �o�i�l� �(�A�)� 
�I�n�s�p�e�c�t� �t�u�r�b�o�c�h�a�r�g�e�r� �a�i�r� �i�n�t�a�k�e� �(�A�)� 
�R�e�m�o�v�e�/�r�e�c�o�n�d�i�t�i�o�n� �f�u�e�l� �i�n�j�e�c�t�i�o�n� �n�o�z�z�l�e�s� �(�6�)� 
�R�e�c�o�n�d�i�t�i�o�n� �g�o�v�e�r�n�o�r�;� �i�n�s�p�e�c�t� �g�o�v�e�r�n�o�r� �d�r�i�v�e� �a�n�d� �g�e�a�r� 

�b�a�c�k�l�a�s�h� �(�6�)� 
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�R�e�m�o�v�e�/�i�n�s�p�e�c�t� �c�y�l�i�n�d�e�r� �h�e�a�d�s�,� �p�i�s�t�o�n� �l�i�n�e�r�s�;� �r�e�p�l�a�c�e� 

�r�o�d� �b�e�a�r�i�n�g�s� �a�n�d� �p�i�s�t�o�n� �r�i�n�g�s�;� �r�e�p�l�a�c�e� �a�l�l� �s�e�a�l�s� �a�n�d� 
�g�a�s�k�e�t�s� �(�1�2�)
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�C�H�A�P�T�E�R� �F�O�U�R� 

�D�E�V�E�L�O�P�M�E�N�T� �A�N�D� �P�R�O�D�U�C�T�I�O�N� �T�E�S�T�I�N�G� 

�T�a�s�k� �s�e�c�t�i�o�n� �3�0�0� �o�f� �M�I�L�-�S�T�D�-�7�8�5�B� �c�o�v�e�r�s� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� 

�t�e�s�t� �p�r�o�g�r�a�m�.� �T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �t�e�s�t� �p�r�o�g�r�a�m� �m�u�s�t� �s�e�r�v�e� 

�t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�i�o�r�i�t�y�:� �(�1�)� �d�i�s�c�l�o�s�e� 

�d�e�f�i�c�i�e�n�c�i�e�s� �i�n� �i�t�e�m� �d�e�s�i�g�n�,� �m�a�t�e�r�i�e�l�,� �a�n�d� �w�o�r�k�m�a�n�s�h�i�p�;� �(�2�)� 

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

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

�m�a�n�p�o�w�e�r� �c�o�s�t�,� �a�n�d� �l�o�g�i�s�t�i�c� �s�u�p�p�o�r�t� �c�o�s�t�;� �a�n�d� �(�3�)� �d�e�t�e�r�m�i�n�e� 

�c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �q�u�a�n�t�i�t�a�t�i�v�e� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s�.� �[�3�4�]� 

�T�a�s�k� �s�e�c�t�i�o�n� �3�0�0� �c�o�n�t�a�i�n�s� �f�o�u�r� �t�y�p�e�s� �o�f� �r�e�l�i�a�b�i�l�i�t�y� 

�t�e�s�t�i�n�g�;� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s� �s�c�r�e�e�n�i�n�g� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

�t�h�e� �t�e�s�t�i�n�g� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �M�I�L�-�S�T�D�-�7�8�5�B� �t�a�s�k�s� �t�a�k�e�s� �p�l�a�c�e� 

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

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

�t�h�a�t� �t�h�e� �s�y�s�t�e�m� �m�e�e�t�s� �t�h�e� �s�p�e�c�i�f�i�e�d� �M�T�B�F� �r�e�q�u�i�r�e�m�e�n�t�;� �t�o� 

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

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

�a�s� �t�h�e� �t�e�s�t� �p�r�o�g�r�e�s�s�e�s�.� �[�3�5�]� �T�h�i�s� �i�s� �t�h�e� �a�c�c�e�p�t�a�n�c�e� 

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

�A�c�c�o�r�d�i�n�g� �t�o� �M�I�L�-�S�T�D�-�7�8�5�B�,� �a� �p�r�o�p�e�r�l�y� �b�a�l�a�n�c�e�d� �r�e�l�i�a�b�i�l�i�t�y� 

�p�r�o�g�r�a�m� �w�i�l�l� �e�m�p�h�a�s�i�z�e� �b�o�t�h� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s� �s�c�r�e�e�n�i�n�g� 

�a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �d�e�v�e�l�o�p�m�e�n�t�/�g�r�o�w�t�h� �t�e�s�t�s�,� �a�n�d� �l�i�m�i�t� 

�r�e�l�i�a�b�i�l�i�t�y� �q�u�a�l�i�f�i�c�a�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �r�e�l�i�a�b�i�l�i�t�y� 

�a�c�c�e�p�t�a�n�c�e� �t�e�s�t�s�.� 
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�1�0�9� 

�O�n�e� �t�h�i�n�g� �M�I�L�-�S�T�D�-�7�8�5�B� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� �i�s� �t�h�a�t� 

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

�p�h�a�s�e�,� �b�e�c�a�u�s�e� �t�h�e� �s�y�s�t�e�m� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �b�e� �e�v�a�l�u�a�t�e�d� 

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

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

�l�i�f�e� �c�y�c�l�e� �t�h�a�t� �s�h�o�u�l�d� �i�n�c�l�u�d�e�:� �S�c�h�e�d�u�l�i�n�g� �o�f� �t�e�s�t�s�,� �t�e�s�t� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �c�o�n�d�i�t�i�o�n�s�,� �t�e�s�t� �a�c�t�i�v�i�t�y� �o�r�g�a�n�i�z�a�t�i�o�n�,� 

�t�e�s�t� �s�u�p�p�o�r�t� �r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �t�e�s�t� �p�r�o�c�e�d�u�r�e�s� �a�n�d� �r�e�q�u�i�r�e�d� 

�d�a�t�a�.� 

�T�e�s�t�i�n�g� �o�f� �t�h�e� �d�e�s�i�g�n� �s�h�o�u�l�d� �b�e�g�i�n� �a�s� �s�o�o�n� �a�s� �p�o�s�s�i�b�l�e� 

�i�n� �t�h�e� �l�i�f�e� �c�y�c�l�e�.� �A�n�a�l�y�t�i�c�a�l� �e�v�a�l�u�a�t�i�o�n�s� �o�f� �s�y�s�t�e�m� 

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

�d�e�s�i�g�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �T�a�b�l�e� �1�.� �A�s� �t�h�e� �d�e�s�i�g�n� �b�e�c�o�m�e�s� �m�o�r�e� 

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

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

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

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

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

�p�h�a�s�e�s�,� �t�e�s�t�i�n�g� �o�f� �p�r�o�t�o�t�y�p�e� �u�n�i�t�s� �b�e�g�i�n�s�,� �a�s� �a� �c�h�e�c�k� �o�n� 

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

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

�s�y�s�t�e�m� �u�s�e�,� �t�e�s�t�i�n�g� �i�s� �c�o�n�d�u�c�t�e�d� �t�o� �o�b�t�a�i�n� �k�n�o�w�l�e�d�g�e� 

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

�o�p�e�r�a�t�i�o�n�a�l� �e�n�v�i�r�o�n�m�e�n�t�.



�1�1�0� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �S�t�r�e�s�s� �S�c�r�e�e�n�i�n�g� 

�T�a�s�k� �3�0�1� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �3�0�1� �i�s� �t�o� �e�s�t�a�b�l�i�s�h� �a�n�d� �i�m�p�l�e�m�e�n�t� 

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

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

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

�t�h�e� �e�q�u�i�p�m�e�n�t�.� �[�3�6�]� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s� �s�c�r�e�e�n�i�n�g� �(�E�S�S�)� �t�e�s�t�i�n�g� �s�h�a�l�l� �b�e� 

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

�i�t�e�m�.� �[�3�7�]� �T�h�e� �s�y�s�t�e�m� �o�r� �i�t�e�m�s� �s�h�o�u�l�d� �b�e� �c�y�c�l�e�d� �t�h�r�o�u�g�h� 

�r�e�q�u�i�r�e�d� �o�p�e�r�a�t�i�o�n�a�l� �m�o�d�e�s� �w�h�i�l�e� �s�i�m�u�l�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�s�t�r�e�s�s�e�s� �a�r�e� �a�p�p�l�i�e�d�.� �T�h�e� �t�e�s�t� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �E�S�S� �(�a�l�s�o� 

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

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

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

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

�t�h�e�r�m�a�l� �c�y�c�l�i�n�g�)� �m�a�y� �b�e� �a�p�p�l�i�e�d� �i�n� �s�e�r�i�e�s� �r�a�t�h�e�r� �t�h�a�n� �i�n� 

�c�o�m�b�i�n�a�t�i�o�n�.� 

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

�w�i�t�h� �r�e�l�i�a�b�i�l�i�t�y� �a�c�c�e�p�t�a�n�c�e� �t�e�s�t�i�n�g�.� �E�S�S� �i�s� �r�e�c�o�m�m�e�n�d�e�d� 

�f�o�r� �1�0�0�%� �s�a�m�p�l�i�n�g�;� �a�c�c�e�p�t�a�n�c�e� �t�e�s�t�i�n�g� �i�s� �n�o�t�,� �d�u�e� �t�o� �t�h�e� 

�f�a�c�t� �t�h�a�t� �i�t� �r�e�q�u�i�r�e�s� �r�e�a�l�i�s�t�i�c� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �l�i�f�e� 

�c�y�c�l�e� �p�r�o�f�i�l�e� �o�f� �t�h�e� �s�y�s�t�e�m�.� �E�S�S� �i�s� �a� �p�r�e�r�e�q�u�i�s�i�t�e� �f�o�r� 

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

�t�h�o�s�e� �t�e�s�t� �p�l�a�n�s� �a�s�s�u�m�e� �t�h�a�t� �"�b�u�r�n�-�i�n�"� �t�y�p�e� �f�a�i�l�u�r�e�s� �h�a�v�e



�1�1�1� 

�a�l�r�e�a�d�y� �b�e�e�n� �e�l�i�m�i�n�a�t�e�d�.� �T�h�e� �E�S�S� �w�i�l�l� �b�e� �c�o�n�d�u�c�t�e�d� �e�n�t�i�r�e�l�y� 

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

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

�T�h�e� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �v�e�n�d�o�r� �w�i�l�l� �p�e�r�f�o�r�m� �t�h�e� �E�S�S� 

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

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

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

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

�c�a�b�i�n�e�t�s�.� �T�h�i�s� �m�o�u�n�t�i�n�g� �a�r�r�a�n�g�e�m�e�n�t� �w�i�l�l� �a�l�l�o�w� �s�u�b�s�t�a�n�t�i�a�l� 

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

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

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

�s�e�i�s�m�i�c� �e�v�e�n�t�.� 

�T�h�e� �d�i�e�s�e�l� �s�u�b�s�y�s�t�e�m�s� �w�i�l�l� �u�n�d�e�r�g�o� �E�S�S� �t�e�s�t�i�n�g� �t�h�r�o�u�g�h� 

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

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

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

�p�l�a�t�f�o�r�m� �f�o�r� �1�0�0� �h�o�u�r�s� �o�f� �o�p�e�r�a�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �2�0� �h�o�u�r�s� �o�f� 

�o�p�e�r�a�t�i�o�n� �w�i�l�l� �b�e� �a�t� �h�i�g�h� �h�u�m�i�d�i�t�i�e�s� �(�7�0�%� �o�r� �g�r�e�a�t�e�r�)�,� �w�i�t�h� 

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

�o�r� �l�a�r�g�e� �s�a�l�t� �w�a�t�e�r� �r�i�v�e�r�s�.� �T�h�e� �n�e�x�t� �3�0� �h�o�u�r�s� �o�f� �d�i�e�s�e�l� 

�o�p�e�r�a�t�i�o�n� �w�i�l�l� �b�e� �a�t� �a�n� �a�m�b�i�e�n�t� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�2�0�°�F�.� 

�T�h�e� �n�e�x�t� �2�0� �h�o�u�r�s� �o�f� �d�i�e�s�e�l� �o�p�e�r�a�t�i�o�n� �w�i�l�l� �b�e� �c�o�n�d�u�c�t�e�d� 

�a�t� �a�n� �a�m�b�i�e�n�t� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �4�0�°�F�.� �T�h�e� �p�r�e�c�e�d�i�n�g� 

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

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



�1�1�2� 

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

�5�5�°�F� �a�n�d� �9�5�°�F�,� �a�n�d� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �o�f� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� 

�t�o� �3�5�%�.� �T�h�e� �f�i�n�a�l� �3�0� �h�o�u�r�s� �o�f� �o�p�e�r�a�t�i�o�n� �f�o�r� �e�a�c�h� �d�i�e�s�e�l� 

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

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

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

�e�x�p�e�c�t�e�d� �a�t� �t�h�e� �n�e�w� �n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t� �c�o�n�s�t�r�u�c�t�i�o�n� �s�i�t�e� 

�w�h�i�l�e� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �i�s� �i�n� �p�r�o�g�r�e�s�s�.� 

�W�h�i�l�e� �t�h�e� �E�S�S� �t�e�s�t�i�n�g� �i�s� �b�e�i�n�g� �c�o�n�d�u�c�t�e�d�,� �t�h�e� �f�o�l�l�o�w�i�n�g� 

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

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

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

�s�y�s�t�e�m� �p�r�e�s�s�u�r�e�,� �e�n�g�i�n�e� �a�i�r� �i�n�l�e�t� �a�n�d� �e�x�h�a�u�s�t� �t�e�m�p�e�r�a�t�u�r�e�s�,� 

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

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

�p�o�i�n�t�s� �o�n� �t�h�e� �e�n�g�i�n�e�.� �A�n�y� �a�b�n�o�r�m�a�l� �t�r�e�n�d�s� �o�r� �s�y�s�t�e�m� 

�f�a�i�l�u�r�e�s� �d�u�r�i�n�g� �E�S�S� �t�e�s�t�i�n�g� �w�i�l�l� �i�m�m�e�d�i�a�t�e�l�y� �b�e� �m�a�d�e� �k�n�o�w�n� 

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

�f�a�i�l�u�r�e� �r�e�v�i�e�w� �b�o�a�r�d� �w�i�l�l� �p�e�r�f�o�r�m� �t�h�e� �r�e�q�u�i�r�e�d� �f�a�i�l�u�r�e� 

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

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



�1�1�3� 

�R�e�l�i�a�b�i�l�i�t�y� �D�e�v�e�l�o�p�m�e�n�t�/�G�r�o�w�t�h� �T�e�s�t� �(�R�D�G�T�)� �P�r�o�g�r�a�m� 

�T�a�s�k� �3�0�2� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �3�0�2� �i�s� �t�o� �c�o�n�d�u�c�t� �p�r�e�-�q�u�a�l�i�f�i�c�a�t�i�o�n� 

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

�r�e�l�i�a�b�i�l�i�t�y� �p�r�o�b�l�e�m�s� �e�a�r�l�y� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �p�h�a�s�e�,� �a�n�d� 

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

�p�r�i�o�r� �t�o� �t�h�e� �s�t�a�r�t� �o�f� �p�r�o�d�u�c�t�i�o�n�.� �[�3�8�]� 

�R�D�G�T� �i�s� �a� �t�e�s�t�,� �a�n�a�l�y�z�e�,� �a�n�d� �f�i�x� �p�r�o�c�e�s�s� �i�n�t�e�n�d�e�d� �t�o� 

�d�i�s�c�l�o�s�e� �d�e�s�i�g�n� �d�e�f�i�c�i�e�n�c�i�e�s� �a�n�d� �d�e�f�e�c�t�s�,� �s�o� �t�h�e�y� �c�a�n� �b�e� 

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

�R�e�l�i�a�b�i�l�i�t�y� �g�r�o�w�t�h� �i�s� �e�x�p�e�c�t�e�d� �i�n� �t�w�o� �d�i�s�t�i�n�c�t� �m�a�n�n�e�r�s�:� 

�(�1�)� �t�h�e� �s�c�r�e�e�n�i�n�g� �o�f� �w�e�a�k� �o�r� �s�u�b�s�t�a�n�d�a�r�d� �p�a�r�t�s�,� �a�n�d� �(�2�)� 

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

�T�h�e� �e�m�p�h�a�s�i�s� �o�f� �t�h�i�s� �t�a�s�k� �i�s� �e�n�g�i�n�e�e�r�i�n�g� �c�o�r�r�e�c�t�i�v�e� 

�a�c�t�i�o�n�s� �p�r�o�p�e�r�l�y� �i�m�p�l�e�m�e�n�t�e�d�.� �A�s� �s�t�r�e�s�s�e�d� �b�y� �M�I�L�-�S�T�D�-�7�8�5�B�,� 

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

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

�A�n� �a�p�p�r�o�p�r�i�a�t�e� �s�e�q�u�e�n�c�e� �f�o�r� �R�D�G�T� �w�o�u�l�d� �b�e�:� �(�1�)� �E�S�S� �t�o� 

�r�e�m�o�v�e� �d�e�f�e�c�t�s� �i�n� �t�e�s�t� �i�t�e�m�s�,� �(�2�)� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�e�s�t�i�n�g�,� �a�n�d� 

�(�3�)� �c�o�m�b�i�n�e�d�-�s�t�r�e�s�s�,� �l�i�f�e� �p�r�o�f�i�l�e�,� �t�e�s�t�,� �a�n�a�l�y�z�e�,� �a�n�d� �f�i�x�.� 

�[�3�9�]� �R�D�G�T� �i�s� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �v�e�n�d�o�r�,� �a�n�d� �i�t� �i�s� �i�n�t�e�n�d�e�d� �t�o� 

�d�i�s�c�l�o�s�e� �f�a�i�l�u�r�e�s�.� 

�T�h�e� �i�n�t�e�n�t� �o�f� �R�D�G�T� �i�s� �t�o� �t�e�s�t� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t�,� �f�u�l�l� 

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

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



�1�1�4� 

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

�t�h�e� �s�u�b�s�y�s�t�e�m�s�,� �t�h�e� �"�p�r�o�t�o�t�y�p�e�"� �w�i�l�l� �b�e� �t�h�e� �s�u�b�s�y�s�t�e�m� 

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

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

�t�r�a�i�n�i�n�g� �p�u�r�p�o�s�e�s�.� �T�h�e� �p�r�o�t�o�t�y�p�e� �u�n�i�t� �w�i�l�l� �u�n�d�e�r�g�o� �1�5�0� 

�h�o�u�r�s� �o�f� �R�D�G�T� �t�e�s�t�i�n�g�;� �t�h�e� �1�0�0� �h�o�u�r�s� �r�e�q�u�i�r�e�d� �f�o�r� �E�S�S� �p�l�u�s� 

�a�n� �a�d�d�i�t�i�o�n�a�l� �5�0� �h�o�u�r�s�.� �A�l�l� �d�i�e�s�e�l� �p�r�o�b�l�e�m�s� �n�o�t�e�d� �d�u�r�i�n�g� 

�t�h�i�s� �t�e�s�t� �s�e�q�u�e�n�c�e� �w�i�l�l� �c�o�r�r�e�c�t�e�d� �a�n�d� �r�e�t�e�s�t�e�d� �p�r�i�o�r� �t�o� 

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

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

�R�D�G�T� �p�r�o�g�r�a�m�s� �i�n�t�o� �t�h�e� �d�i�e�s�e�l� �r�e�l�i�a�b�i�l�i�t�y� �p�r�o�g�r�a�m� �a�r�e� �n�o�t� 

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

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

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

�c�o�r�r�e�c�t�i�v�e� �a�c�t�i�o�n�s� �p�r�i�o�r� �t�o� �e�n�t�e�r�i�n�g� �p�r�o�d�u�c�t�i�o�n�,� �e�n�s�u�r�i�n�g� 

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

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

�w�e�r�e� �p�r�o�d�u�c�e�d�.



�1�1�5� 

�R�e�l�i�a�b�i�l�i�t�y� �Q�u�a�l�i�f�i�c�a�t�i�o�n� �T�e�s�t� �(�R�Q�T�)� �P�r�o�g�r�a�m� 

�T�a�s�k� �3�0�3� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �3�0�3� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�a�t� �t�h�e� 

�s�p�e�c�i�f�i�e�d� �r�e�l�i�a�b�i�l�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� �h�a�v�e� �b�e�e�n� �a�c�h�i�e�v�e�d�.� �[�4�0�]� 

�F�o�r� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �q�u�a�l�i�f�i�c�a�t�i�o�n� �t�e�s�t� �(�R�Q�T�)� �p�r�o�g�r�a�m�,� 

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

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

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

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

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

�t�o� �p�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� �u�n�i�t�s�.� �F�i�g�u�r�e� �1�5� �i�l�l�u�s�t�r�a�t�e�s� �a� 

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

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

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

�f�a�i�l�u�r�e�s�.� �F�a�i�l�u�r�e�s� �a�r�e� �n�o�t�e�d� �(�e�v�e�n�t�s�)�,� �t�h�e� �r�o�o�t� �c�a�u�s�e� �i�s� 

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

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

�u�n�i�t�.� �T�h�e� �s�p�e�c�i�f�i�e�d� �M�T�B�F� �o�f� �e�a�c�h� �d�i�e�s�e�l� �w�a�s� �2�7�,�3�7�4� �h�o�u�r�s�.� 

�F�o�r� �t�h�e� �d�i�e�s�e�l�s�,� �t�h�e� �c�o�m�p�l�e�t�e� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �a�n�d� 

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

�t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �M�T�B�F� �r�e�q�u�i�r�e�m�e�n�t� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�8�,�0�0�0� �h�o�u�r�s� �f�o�r� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �d�i�e�s�e�l� �i�s� 

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

�p�l�a�t�f�o�r�m�.� �T�h�e� �e�n�v�i�r�o�n�m�e�n�t� �w�i�l�l� �b�e� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �5�5�°�F� 

�a�n�d� �9�5�°�F�,� �w�i�t�h� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �3�5�%�.
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�S�p�e�c�i�t�i�e�d� �S�y�s�t�e�m� �M�I�B�E� �=� �4�0�0� �h�r� 
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�i�]� �|� 

�2�1�0�K� 
�2� �o�o�k� 

�m�s� �S�T� �D�o�a�i�s�n�a�n� 
�=� �-�|�_� �P�o�u�t� 

�=� �@� �C�a�n�t�i�n�t�e� �t�o� �d�e�s�t�  �� 
�=� �6�h�  �� 
�=� �s�e� 

�x� �t� 

�d�e� 
�4� �/� �A�c�c�e�p�t� �3� 

�°� �3� �N�A� �1� 
�4� �E�v�e�n�t�s� 
�~� �7� 

�I� 

�]�  �� �'� 

�|� �e�s� �e�s� �C�s� �_� 
�0�;� �2� �3� �4� �S� �6� �>� �.� �Q� �i�r� 

�\� �T�e�s�t� �T�i�m�e� �M�u�l�t�i�p�l�e�s� �o�f� �M�T�B�E� �t�S�p�e�c�i�t�i�e�d�)� �'� 
�i� �I� 

�{� �l� 

�L�a�u� �t�y� �t�a�p� �|� �a� �t�y� �t�L� �a� 
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�1�1�7� 

�T�h�e� �d�i�e�s�e�l� �w�i�l�l� �b�e� �s�t�a�r�t�e�d�,� �l�o�a�d�e�d�,� �a�n�d� �r�u�n� �f�o�r� �o�n�e� �h�o�u�r� �a�t� 

�a� �t�i�m�e�,� �2�4� �h�o�u�r�s� �p�e�r� �d�a�y�,� �s�e�v�e�n� �d�a�y�s� �a� �w�e�e�k� �u�n�t�i�l� �3�0�0�0� �h�o�u�r�s� 

�o�f� �r�u�n� �t�i�m�e� �a�r�e� �a�c�c�u�m�u�l�a�t�e�d� �(�t�h�i�s� �s�h�o�u�l�d� �t�a�k�e� �a�b�o�u�t� �f�i�v�e� 

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

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

�l�o�s�s� �o�f� �b�u�s� �v�o�l�t�a�g�e�.� �A�s�s�u�m�i�n�g� �2�5� �d�e�m�a�n�d�s� �p�e�r� �d�i�e�s�e�l� �p�e�r� 

�y�e�a�r� �i�n� �o�p�e�r�a�t�i�o�n� �(�a�n�d� �2�4� �h�o�u�r�s� �o�f� �r�u�n� �t�i�m�e�)� �g�i�v�e�s� �a� �t�o�t�a�l� 

�l�i�f�e�t�i�m�e� �r�u�n� �t�i�m�e� �o�f� �7�5�0� �h�o�u�r�s� �o�v�e�r� �3�0� �y�e�a�r�s�.� �T�h�e� �R�Q�T� �t�i�m�e� 

�w�i�l�l� �b�e� �f�o�u�r� �t�i�m�e�s� �t�h�a�t� �a�m�o�u�n�t�.� �A�t� �2�1�5� �d�a�y�s� �p�e�r� �y�e�a�r�,� �2�4� 

�h�o�u�r�s� �p�e�r� �d�a�y�,� �2�8�,�0�0�0� �h�o�u�r�s� �(�M�T�B�F�)� �w�o�u�l�d� �b�e� �a�c�c�u�m�u�l�a�t�e�d� 

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

�S�i�m�u�l�a�t�e�s� �a�b�o�u�t� �1�2�0� �y�e�a�r�s� �o�f� �o�p�e�r�a�t�i�o�n�,� �o�r� �a�b�o�u�t� �2�0� �t�i�m�e�s� 

�t�h�e� �r�e�q�u�i�r�e�d� �M�T�B�F�.� �T�h�i�s� �s�e�e�m�s� �t�o� �b�e� �a� �l�o�t� �o�f� �t�e�s�t�i�n�g�,� �b�u�t� 

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

�T�h�e� �7�5�0� �l�i�f�e�t�i�m�e� �r�u�n� �h�o�u�r�s� �f�o�r� �t�h�e� �d�i�e�s�e�l�s� �i�s� �o�n�l�y� �a� �g�o�o�d� 

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

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

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

�o�p�e�r�a�t�i�o�n� �5�1�6�0� �h�o�u�r�s� �p�e�r� �y�e�a�r� �(�2�1�5� �d�a�y�s� �p�e�r� �y�e�a�r�,� �2�4� �h�o�u�r�s� 

�p�e�r� �d�a�y�)�,� �k�e�e�p�i�n�g� �t�h�e� �d�i�e�s�e�l� �i�n� �a� �s�t�a�n�d�b�y� �c�o�n�d�i�t�i�o�n�.� �T�h�i�s� 

�l�i�m�i�t�a�t�i�o�n� �i�s� �a�c�c�e�p�t�a�b�l�e�;� �m�o�s�t� �o�f� �t�h�e� �F�M�E�C�A� �i�d�e�n�t�i�f�i�e�d� 

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

�s�y�s�t�e�m�s�.



�1�1�8� 

�P�r�o�d�u�c�t�i�o�n� �R�e�l�i�a�b�i�l�i�t�y� �A�c�c�e�p�t�a�n�c�e� �T�e�s�t� �(�P�R�A�T�)� �P�r�o�g�r�a�m� 

�T�a�s�k� �3�0�4� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�a�s�k� �3�0�4� �i�s� �t�o� �a�s�s�u�r�e� �t�h�a�t� �t�h�e� 

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

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

�q�u�a�l�i�t�y�,� �o�r� �a�n�y� �o�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �[�4�1�]� 

�P�r�o�d�u�c�t�i�o�n� �r�e�l�i�a�b�i�l�i�t�y� �a�c�c�e�p�t�a�n�c�e� �t�e�s�t�s� �(�P�R�A�T�)� 

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

�e�q�u�i�p�m�e�n�t� �c�o�n�d�i�t�i�o�n�s�.� �P�R�A�T ��s� �a�r�e� �u�s�u�a�l�l�y� �b�a�s�e�d� �o�n�a� 

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

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

�t�h�e� �M�T�B�F�,� �w�i�t�h� �s�t�a�t�i�s�t�i�c�a�l� �a�s�s�u�r�a�n�c�e� �t�h�a�t� �t�h�e� �s�a�m�p�l�e ��s� 

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

�F�o�r� �t�h�e� �d�i�e�s�e�l� �g�e�n�e�r�a�t�o�r� �s�y�s�t�e�m�,� �r�e�q�u�i�r�e�d� �t�e�s�t�i�n�g� �h�a�s� 

�b�e�e�n� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �N�R�C� �i�n� �R�e�g�.� �G�u�i�d�e� �1�.�9�.� �T�h�e� �N�R�C� �h�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �1�0�0�%� �s�a�m�p�l�i�n�g� �b�e� �p�e�r�f�o�r�m�e�d�.� �T�h�i�s� �i�s� �p�a�r�t�l�y� 

�d�u�e� �t�o� �t�h�e� �l�i�m�i�t�e�d� �p�r�o�d�u�c�t�i�o�n� �q�u�a�n�t�i�t�i�e�s�,� �a�n�d� �p�a�r�t�l�y� �d�u�e� 

�t�o� �t�h�e� �s�a�f�e�t�y� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �E�D�G ��s�.� �T�h�e� �N�R�C� �r�e�q�u�i�r�e�d� 

�t�e�s�t�i�n�g� �i�s� �6�9� �d�i�e�s�e�l� �s�t�a�r�t�s� �p�e�r� �p�l�a�n�t�,� �a� �m�i�n�i�m�u�m� �o�f� �2�3� 

�o�r� �6�9�/�n� �t�e�s�t�s� �p�e�r� �d�i�e�s�e�l� �(�n� �=� �n�u�m�b�e�r� �o�f� �d�i�e�s�e�l�s� �a�t� �s�i�t�e�)�,� 

�w�i�t�h�o�u�t� �a� �f�a�i�l�u�r�e� �t�o� �s�t�a�r�t�.� �A�l�s�o� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �N�R�C� �i�s� 

�t�e�s�t�i�n�g� �(�o�n�c�e�)� �t�o� �e�n�s�u�r�e� �t�h�e� �d�i�e�s�e�l�s� �c�a�n� �s�t�a�r�t� �a�n�d� �a�c�h�i�e�v�e� 

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

�r�u�n� �a�t� �f�u�l�l� �l�o�a�d�.



�1�1�9� 

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

�d�i�e�s�e�l� �s�t�a�r�t�s�,� �l�o�a�d�-�r�u�n�s�,� �a�n�d� �f�a�i�l�u�r�e�s� �w�i�l�l� �b�e� �t�a�b�u�l�a�t�e�d�,� 

�f�o�r� �t�h�e� �l�a�s�t� �2�0�,� �5�0�,� �a�n�d� �1�0�0� �s�t�a�r�t�s�,� �a�s� �t�h�e� �N�R�C� �d�e�s�i�r�e�s�.� �T�o� 

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

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

�a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �t�i�m�e�s�,� �s�o� �t�h�a�t� �a�n� �a�c�t�u�a�l� �M�T�B�F�,� �a�n�d� �d�i�e�s�e�l� 

�a�v�a�i�l�a�b�i�l�i�t�y�,� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d�.



�C�H�A�P�T�E�R� �5� 

�S�U�M�M�A�R�Y� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�p�o�r�t� �i�s� �t�o� �d�e�s�c�r�i�b�e� �a� �p�r�o�p�o�s�e�d� 

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

�b�a�s�e�d� �o�n� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �M�I�L�-�~�S�T�D�-�7�8�5�B�.� �T�h�e� �d�e�s�c�r�i�p�t�i�o�n�s� 

�u�s�e�d� �t�o� �i�l�l�u�s�t�r�a�t�e� �v�a�r�i�o�u�s� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �r�e�p�o�r�t� �a�r�e� �b�a�s�e�d� 

�o�n� �t�h�e� �d�i�e�s�e�l� �s�y�s�t�e�m� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �I�n�d�i�a�n� �P�o�i�n�t� �3� 

�N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �u�s�e�d� �f�o�r� �i�l�l�u�s�t�r�a�t�i�o�n� 

�a�r�e� �b�a�s�e�d� �o�n� �a� �c�o�m�p�o�s�i�t�e� �o�f� �d�a�t�a� �r�e�p�o�r�t�e�d� �t�o� �t�h�e� �N�R�C� �b�y� 

�v�a�r�i�o�u�s� �u�t�i�l�i�t�i�e�s�.� �T�h�e� �N�R�C� �i�s� �r�e�q�u�i�r�i�n�g� �a� �r�e�l�i�a�b�i�l�i�t�y� 

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

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

�a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n�;� �t�h�e�r�e�f�o�r�e� �w�h�a�t� �t�h�e� �N�R�C� �w�a�n�t�s� �i�s� �r�e�a�l�l�y� �a� 

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

�a�n� �o�n�g�o�i�n�g� �a�s�s�e�s�s�m�e�n�t� �o�f� �s�o�m�e� �m�e�a�s�u�r�e� �o�f� �r�e�l�i�a�b�i�l�i�t�y�.� 

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

�t�a�s�k�s� �i�n� �M�I�L�-�S�T�D�-�7�8�5�B�,� �a�l�t�h�o�u�g�h� �i�t� �d�o�e�s� �n�o�t� �c�o�v�e�r� �e�a�c�h� �t�a�s�k� 

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

�t�a�s�k�s� �d�e�s�c�r�i�b�e�d� �b�y� �M�I�L�-�S�T�D�-�7�8�5�B� �w�o�u�l�d� �b�e� �a�p�p�l�i�c�a�b�l�e�.� �A�n� 

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

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

�i�n�c�l�u�d�i�n�g� �t�h�e� �s�y�s�t�e�m�s� �l�i�f�e� �c�y�c�l�e� �c�o�s�t�.� �L�i�f�e� �c�y�c�l�e� �c�o�s�t� 

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

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

�c�o�s�t� �c�a�n� �n�o�t� �b�e� �o�v�e�r�e�m�p�h�a�s�i�z�e�d�.� �E�a�c�h� �d�e�c�i�s�i�o�n� �m�a�d�e� �i�n� �t�h�e� 

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

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

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

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

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

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

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

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

�s�y�s�t�e�m� �d�e�s�i�g�n�,� �a�l�w�a�y�s� �l�o�o�k�i�n�g� �a�t� �t�h�e� �t�o�t�a�l� �l�i�f�e� �c�y�c�l�e�.� 

�S�y�s�t�e�m� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �m�a�i�n�t�a�i�n�a�b�i�l�i�t�y� �h�a�v�e� �a� �l�a�r�g�e� �i�m�p�a�c�t� 

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

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

�c�o�s�t�.� 

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

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

�t�h�a�t� �n�e�e�d�s� �t�o� �b�e� �m�e�n�t�i�o�n�e�d� �i�s� �t�h�e� �i�n�t�e�r�f�a�c�e� �o�f� �v�a�r�i�o�u�s� 

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

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

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

�a�n�a�l�y�s�i�s�,� �s�o� �t�h�a�t� �t�h�e� �s�y�s�t�e�m ��s� �c�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �i�s� �n�o�t� 

�r�e�d�u�c�e�d�.� 

�B�e�f�o�r�e� �a�t�t�e�m�p�t�i�n�g� �t�o� �i�n�s�t�i�t�u�t�e� �a� �"�r�e�l�i�a�b�i�l�i�t�y�"� �p�r�o�g�r�a�m� 

�i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �N�R�C ��s� �d�e�s�i�r�e�s�,� �u�t�i�l�i�t�i�e�s� �m�u�s�t� �m�a�k�e� �s�u�r�e� 

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

�i�s� �(�a�n� �i�n�h�e�r�e�n�t� �d�e�s�i�g�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�)� �a�n�d� �w�h�a�t� �i�t� �i�s� 

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



�1�2�2� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �a�n�d� �u�t�i�l�i�z�i�n�g� �k�n�o�w�l�e�d�g�e� �o�f� �s�y�s�t�e�m�s� �e�n�g�i�n�e�e�r�i�n�g� 

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

�p�e�r�f�o�r�m�a�n�c�e�.� 

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

�E�m�e�r�g�e�n�c�y� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �I�&�C� �s�y�s�t�e�m�,� �a�n�d� �d�i�e�s�e�l� �g�o�v�e�r�n�o�r�s� 

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

�i�m�p�r�o�v�e�m�e�n�t�.� �T�h�e� �I�&�C� �a�r�e�a� �s�h�o�u�l�d� �b�e� �s�e�r�i�o�u�s�l�y� �l�o�o�k�e�d� �a�t� �f�o�r� 

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

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

�F�M�E�C�A�/�R�C�M� �a�n�a�l�y�s�i�s� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d�,� �a�n�d� �t�h�e� �p�r�e�v�e�n�t�i�v�e� 

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

�c�o�n�s�e�q�u�e�n�c�e�s� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �F�M�E�C�A�/�R�C�M� �a�n�a�l�y�s�i�s�.
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�W�O�R�K�S� �C�I�T�E�D� 

�R�e�g�u�l�a�t�o�r�y� �G�u�i�d�e� �1�.�1�5�5�,� �"�S�t�a�t�i�o�n� �B�l�a�c�k�o�u�t�,�"� �U�.� �S�.� 
�N�u�c�l�e�a�r� �R�e�g�u�l�a�t�o�r�y� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.� �C�.�,� 
�A�u�g�u�s�t� �1�9�8�8�,� �p�.� �1�.�1�5�5�-�3�.� 

�"�M�a�r�k�e�t� �S�t�u�d�y�,�"� �N�u�c�l�e�a�r� �N�e�w�s�,� �A�m�e�r�i�c�a�n� �N�u�c�l�e�a�r� 
�S�o�c�i�e�t�y�,� �L�a� �G�r�a�n�g�e� �P�a�r�k�,� �I�l�l�i�n�o�i�s�,� �D�e�c�e�m�b�e�r� �1�9�8�9�,� �p�.� 
�7�2�.� 

�I�n�d�i�a�n� �P�o�i�n�t� �S�t�a�t�i�o�n�,� �U�n�i�t� �N�o�.� �3�,� �S�y�s�t�e�m� �D�e�s�c�r�i�p�t�i�o�n� 
�N�o�.� �2�7�.�3�,�  ��E�m�e�r�g�e�n�c�y� �D�i�e�s�e�l�s�,�"� �A�u�g�u�s�t� �1�9�8�5�,� �p�.� �3�.� 

�I�b�i�d�,� �p�.� �3�.� 

�I�n�d�i�a�n� �P�o�i�n�t� �S�t�a�t�i�o�n�,� �U�n�i�t� �N�o�.� �3�,� �S�y�s�t�e�m� �D�e�s�c�r�i�p�t�i�o�n� 
�N�o�.� �2�7�.�1�,�  ��E�l�e�c�t�r�i�c�a�l� �S�y�s�t�e�m�s�,�"� �O�c�t�o�b�e�r� �1�9�8�8�,� �p�.� �1�3�4�.� 

�B�l�a�n�c�h�a�r�d�,� �B�e�n�j�a�m�i�n� �S�.�,� �L�o�g�i�s�t�i�c�s� �E�n�g�i�n�e�e�r�i�n�g� �a�n�d� 
�M�a�n�a�g�e�m�e�n�t�,� �P�r�e�n�t�i�c�e� �H�a�l�l�,� �I�n�c�.�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� 
�N�e�w� �J�e�r�s�e�y�,� �T�h�i�r�d� �E�d�i�t�i�o�n�,� �1�9�8�6�,� �p�.� �9�.� 

�M�I�L�-�S�T�D�-�7�8�5�B�,� �M�i�l�i�t�a�r�y� �S�t�a�n�d�a�r�d�,� �"�R�e�l�i�a�b�i�l�i�t�y� �P�r�o�g�r�a�m�,� 
�S�y�s�t�e�m�s� �a�n�d� �E�q�u�i�p�m�e�n�t� �D�e�v�e�l�o�p�m�e�n�t� �a�n�d� �P�r�o�d�u�c�t�i�o�n�,�"� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �D�e�f�e�n�s�e�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �S�e�p�t�e�m�b�e�r� �1�5�,� 
�1�9�8�0�,� �p�.� �4�.� 

�I�b�i�d�,� �p�.� �A�-�2�.� 

�B�l�a�n�c�h�a�r�d�,� �B�e�n�j�a�m�i�n� �S�.�,� �a�n�d� �W�o�l�t�e�r� �J�.� �F�a�b�r�y�c�k�y�,� 
�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�,� �P�r�e�n�t�i�c�e�-�H�a�l�l�,� �I�n�c�.�,� 
�E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�,� �1�9�8�1�,� �p�.� �4�9�3�.� 

�P�r�o�p�o�s�e�d� �R�e�v�i�s�i�o�n� �3� �t�o� �R�e�g�u�l�a�t�o�r�y� �G�u�i�d�e� �1�.�9�,� 
�"�S�e�l�e�c�t�i�o�n�,� �D�e�s�i�g�n�,� �Q�u�a�l�i�f�i�c�a�t�i�o�n�,� �T�e�s�t�i�n�g�,� �a�n�d� 
�R�e�l�i�a�b�i�l�i�t�y� �o�f� �D�i�e�s�e�l� �G�e�n�e�r�a�t�o�r� �U�n�i�t�s� �U�s�e�d� �a�s� �O�n�s�i�t�e� 
�E�l�e�c�t�r�i�c� �P�o�w�e�r� �S�y�s�t�e�m�s� �a�t� �N�u�c�l�e�a�r� �P�o�w�e�r� �P�l�a�n�t�s�,�"� 
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