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CHAPTER I 

INTRODUCTION 

Background 

Real property maintenance is a continuous process of 

deficiency identification, resource estimation, resource 

allocation or programming, work accomplishment, and quality 

assessment.  The organization of people at an installation 

involved with this process is referred to as a Real Property 

Maintenance Activity <RPMA) (Commandant of the Marine 

Corps,1980).  Although the actual functions performed in 

this process are applicable to both civilian and military 

situations, historically, the term Real Property Maintenance 

Activity has referred to the Department of Defense activity 

that is responsible for maintaining the physical plant 

structures and facilities. 

The individual responsible for managing the RF'MA is, in 

most cases, known as the facilities officer.  His responsi- 

bilities are varied, demanding, and sometimes conflicting. 
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The facilities officer is primarily responsible to the 

installation commander for maintaining the installation in 

accordance with the commander's desires (El 1 istetal., 1975). 

Additionally, the facilities officer is technically respon- 

sible to the special staff of higher headquarters for main- 

taining the installation in accordance with current direc- 

tives (RPMA, 1968). Federal laws impose contractual and 

monetary limitations which further  reduce the flexibility 

of the facilities officer (RPMA, 1963).  Within these con- 

straints each RPMA is required to perform its function in an 

efficient and effective manner.  Figure 1-1 provides a more 

graphic representation of the relationships described. 

.Don« 

Local   Commander 

orders 

-Headquarters"" I 
Marine  Corps | 

1   ».tit Regulations 

4 RPMA" 

-— Cong rest 

Law? 

RPMA Guidance Sources 

Figure 1-1 

The congress has recently begun to re-emphasize  both 
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the improvement of productivity and the implementation of 

the Office of Management and Budget's (OMB) circular f\-76f 

which established the federal policy of turning to the 

private sector of the economy for goods and services 

required by government agencies.  This effort is also evi- 

denced by a corresponding emphasis by the Department of 

Defense on these subjects (Melchner,1982 1983).  The final 

impact on the RPMA is that the planning, programming and 

spending of the maintenance dollar is coming under signifi- 

cantly closer scrutiny, by Congress.  Because of this DoD 

has developed programs to specifically implement the 

increase in productivity demanded by congress, as well as 

the Commercial Activities program established by A-76. 

The DoD productivity program, established in DoD Direc- 

tive 5010.31, directs "... management attention on achieving 

maximum defense outputs within available resource levels by 

systematically seeKing out and exploiting opportunities for 

improved methods of operation." CDoD D. 5010.31, piJ.  This 

broad description of the program further define« produc- 

tivity as the "... ratio of goods or services produced (out- 

put) to resources expended <input)" LDoD D. 50i0.31,p 1 encl 

23.  This directive indicates that the DoD Productivity 

Enhancement Program is labor intensive and that the primary 

basis for productivity assessment will be labor measurement. 
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It also recognizes that labor measurement is only a subset 

of total factor productivity or unit cost measurement. 

•Where adequate cost information is available, total factor 

or unit cost measures may be used in addition to labor based 

productivity measures." CDoD D.5010.31 p2H. 

Any further definition of the program requires a review 

of DoD Instruction 5010.34, which further identifies produc- 

tivity requirements through two very Key definitions: 

Efficiency Measurement- 
Comparison of current performance against either 
a pre-established standard or actual performance 
of a prior period.  Efficiency measurement discloses 
how an activity or group of individuals performs 
during a current period in relation to either t 
(1) a standard established for a Job•»•{ or 
<2) the level of performance achieved for the .job 
tasK in a previous period.  Efficiency measurement 
can be based upon manpower, monies, or a combination 
of both. 

Effectiveness Measurement- 
Comparison of current performance against pre-established 
mission objectives (goals).  If the right mission 
objectives (goals) are established, effectiveness 
measurement discloses whether an activity does the 
right thing at the right time - -  it compares what 
the activity or group of individuals actually 
accomplish in relation to their assigned mission. 

CDoD Inst. 5010.34 plOD 

These two definitions are the basis for an objective 

evaluation of any performance.  Extensions of these defini 

tions will be provided later in this study to show the 
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applications to the RPMA's operations.  However one addi- 

tional concept mast be introduced first.  This concept is 

Cost Effectiveness.  Cost effectiveness is a combination of 

all the previously presented concepts»  and is officially 

defined as! 

Organizations must be both (a) effective - - 
accomplish the right things, in the right quantities, 
at the right times and (b) efficient - - accomplish 
the right things with the lowest possible expenditure 
of resources. 

CDoD Inst.5010.34,plll 

This idea of doing the right thing as cheaply as possi- 

ble can easily be construed to mean, get something cheap, 

without much regard to what is being obtained.  This last 

interpretation of cost effectiveness has led to many contro- 

versies within DoD»  The most publicized controversy is the 

Commercial Activities Program, published by the Office of 

Management and Budget (OMB) in circular, A-76, in 1966. 

This circular re-emphasized the federal policy of turning to 

the private sector of the economy for goods and services 

required by governmental agencies.  These services range 

from refuse disposal to total Base Operation Services (BOS). 

The circular was designed to provide the most efficient 

services to the government whether procured through  con- 

Mi 
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tract or in-house»  It was intended to be a management tool 

to ' . . • tighten up the organization" or have it converted to 

a contractor CPayne 1982.,p.133. 

This goal is an admirable one? yet it has had a very 

significant negative impact upon federal employees.  Many 

federal employees view A-76 as a threat to their Job secu- 

rity (Rogers, 1981).  This is a perception that has proven 

to be more of a fact than a perception.  Once a function has 

been converted to contract, the federal employees formerly 

performing this function are displaced under civil service 

reduction-in- force regulations.  Those personnel positions 

that are reduced by the contractual action are either con- 

verted to other functions or simply lost altogether.  As yet 

there are no guidelines that provide for regaining these 

positions in future commercial activity reviews. 

On the other hand, reviews of commercial activities 

(C.A.s) that have been contracted out since 1977 have shown 

that excessive cost increases have not occurred without pro- 

portional increases in the initial scopes of work or from 

poor statements of worK (Koran, 1981J Jones, 1980). 

Employees fears are also validated by the fact that the 

government worK force has been reduced by 120,000 employees 

between 1970 and 1980 (Compt Gen Rpt.,1931).  This reduction 



may have been caused in part by some government agencies 

having gone further in their implementation of A-76 than was 

originally intended,  A recent General Accounting Office 

report has indicated that some functions have been con- 

tracted out that are not included within the provisions of 

A-76 <Compt Gen Rpt,1981).  This has meant an additional 

loss of civil service positions» 

Military commanders have two concerns with A-76.  The 

first is that contracting out reduces their flexibility to 

react to special situations, and second that contracting out 

reduces the service's ability to maintain military profi- 

ciency in these functional sKills in order to support combat 

requirements <Rogers, 1981} Lauter, 1981).  The loss of 

flexibility is supported by the Defense Audit Agency's 

report which indicated that initial costs were increased due 

to inadequacies in the initial performance worK statements 

<Melchner, 1983).  These inadequacies were noted after the 

contract was awarded. 

The second concern is that the reduction of CONUS posi- 

tions for military personnel will reduce the training avail- 

able for certain specialties.  This situation was found to 

be very true for the Navy and Air Force (Lawter. 1981). 

E<oth of these services utilise their military personnel to 



conduct commercial or industrial type activities in peace 

time in order to provide sufficient training for their 

respective combat roles.  Paragraph 8b(l)(c) of A-76, how- 

ever states that the government may operate a commercial or 

industrial type activity by military personnel when "the 

activity is needed to provide appropriate worK assignments 

for career progression or a rotation base for overseas 

assignments" <A-76f1979,p.7). 

The Department of Defense has implemented the A-76 com- 

mercial activities program with DOD directive 4100.33 and 

has provided cost comparison guidance with DOD instruction 

4100.33H. Both of these documents were derived from the A~76 

document and from 0MB's cost comparison hand book respec- 

tively.  These two manuals are the basis for each service's 

implementing instructions. 

The determination of how such worK will be performed is 

based on a study conducted in accordance with the Cost Com- 

parison Handbook published by 0MB. The guidance contained in 

DoD Instruction 4100.33 and 4100.33H, states that the in- 

house manager must prepare a bid to do the work that has 

been determined to be contractable•  The bid is then submit- 

ted to the contracting officials to be considered along with 

prospective contractor bids.  The lowest bidder wins the 

8 



contract» even if it is the government activity. 

The commercial activities program has largely been used 

for separate functions within the maintenance and operations 

of various government agencies.  These functions include 

grounds maintenance» refuse collection and shuttle bus ser- 

vice.  The trend however, is a preference for total base 

operations contracts.  The operation and maintenance of   a 

total base function is a large and complex contract.  There 

are» however large total base operations service contracts 

that have proven successful.  For example, the Trident Sub- 

marine Base in Bangor, Washington, has been used success- 

fully by the Navy, and the USAF Eastern Test Range (Cape 

Kennedy) service contract has a 34 year history of success 

(Rogers, 1981). 

The maintenance of real property has been defined by 

A-76 as a commercial activity, subject to contracting out« 

Within the Marine Corps, the total maintenance function has 

not been contracted out.  However, two Marine Corps activi- 

ties are considering this option.  As contracts of this 

nature have succeeded in other services, it is expected that 

they will succeed at Marine Corps Activities as 

wel1(Rogers,1981).  Before this worK can be contracted 

out,however, the A-76 process requires that both the con- 



tractor and the government in-house forces prepare bids on 

the worK specified. 

Eiobiem Statement 

Neither the present Marine Corps RPMA evaluation sys- 

tem» nor the Marine Corps service contract management staff 

are prepared to evaluate the effectiveness of the mainte- 

nance service contractor.  Additionally» the Facilities 

Maintenance Management Reporting system does not capture the 

information required to conduct Commercial Activity reviews 

of military efforts on commercial activities as required by 

fY-76<0MB,i?7?> . 

The implied tasKs that accompany real property mainte- 

nance include worK generation» worK control, work accom- 

plishment, and appraisal.  In order to ensure that the 

facilities are being effectively maintained, measures of 

effectiveness for these four areas must be identified for 

both contractor and in-house forces, as well as provisions 

being included in both the Performance Statement of UorK 

(PSOW), and the Facilities Maintenance Management Reporting 

(FMMR) system to collect and transmit this information to 

the service contract manager or the maintenance officer. 

10 
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Summary level indicators of this information must then be 

forwarded to Headquarters Marine Corps for 

evaluationCCMC,1980). 

Jy§J.if icatign £01 §tydv 

Congressional interest in the Productivity and Commer- 

cial Activities of DoD has focused on the effective manage- 

ment of DoD Real Property Maintenance Activities»  The 

congressional objective is to provide the government with 

the most cost effective organisations, whether in-house or 

contracted out. (Payne p 13). 

DoD has established management guidance for the ser- 

vices.  That guidance, however essentially directs each com- 

ponent to establish its' own Productivity program. 

This will require the establishment and use of 
summary level indicators which represents true 
measures of the prime measures of each functional 
area and the accumulation of output and input data 
for each indicator.  Normally a separate indicator 
should be established for each major product produced 
or service rendered in the functional area. 

CDoD Inst 5010.34,p 3D 

The need for ..ummary level indicators has also been 

11 



identified in both Army studies reviewed. (Knight 3978, RPMA 

1968).  These summary level indicators, or indices, can be 

used by managers to evaluate the performance of the indivi- 

dual RPMAs. 

The Headquarters Marine Corps Real F'roperty Maintenance 

section is responsible for managing the RPM program.  In 

recent interviews with key personnel of this section, the 

need for revision of their current effectiveness measures 

was identified (Lee, 1983). 

B§S»§-2I£tl Objective 

The overall objective of this thesis is to identify a 

measure or combination of measures of effectiveness that 

enable managers to evaluate RPMAs regardless of who provides 

the service.  This objective includes both defining measures 

of effectiveness for RPM, and developing a means of quanti- 

fying and reporting these measures. 

12 



Research Questions 

It  How can an effectiveness measurement system be con- 
structed for Marine Corps Real Property Maintenance Activi- 
ties? 

2. What measures of effectiveness should be extracted from 
present information systems? 

3. How will the measurement system identify problem areas 
or efficiency and effectiveness shortfalls? 

Assumptions 

1. For purposes of this study, only current HOD and Marine 
Corps directives will be utilized. 

2. Data requirements for Congressional directives will not 
be discussed in detail» however they will be mentioned as 
approp riate. 

3. The contract manager will be a member of the Facilities 
Maintenance Officer's staff, as specified in CMC message 
08001? 2 Jan 1982. 

4. By achieving a 100% level facilities inspection program, 
at least 95% of the total deficiencies will be identified. 

5. The service discussed will be for maintenance only. 
Major repairs will be accomplished by separate construction 
contract. 

6. Automated cost accounting procedures at each activity, if 
not completely accurate, can be made so with sufficient com- 
mand attention. 

7. Programmed worK estimates for in-house forces will be 
developed from Engineering Performance Standards. 

13 
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This study will concern only the U.S. Marine Corps Real 

Property Maintenance Management system.  It will attempt to 

identify measures of effectiveness to be used by Marine 

Corps RPM managers at intermediate and strategic levels of 

management.  These measures must meet the following require- 

ments } 

1. Optimally measure overall effectiveness. 
2. Comply with Commercial Activity cost 

comparison specifications. 
3. Comply with current DoD and statutory 

regulations. 
4»  Be compatible with current accounting systems. 

Üi'ISQ °f B£B2li: 

This initial chapter provides a bacKground for the 

reader as to the character of the Real Property Maintenance 

Activity.  Chapter II provides the necessary literature 

review on methods of effectiveness measurement.  Chapter III 

develops the model and the analysis of the RPM process iden- 

tifying the necessary effectiveness measuresr to be used in 

evaluating the RPMA.  Chapter IV develops the relationships 

of the proposed model components, and develops the actual 

simulation program.  Chapter V describes the experimentation 
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process as conducted.  Chapter VI presents the conclusion^ 

of both the research and the experimentation. 
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CHAPTER II 

LITERATURE REVIEW 

Current Practices of Effectiveness Evaluation 

Effectiveness in the Real Property Maintenance Activity 

has been the subject of two major studies over the past fif- 

teen years, both conducted by the Army's Office of Civil 

Engineering.  One was done under contract by a civilian firm 

(Knight, 1978), and the other was an in-house study per- 

formed by a Real Property Maintenance Study group 

<RPMA,1968). 

From the earlier study, a need was identified for an 

index or maintenance standard by which all maintenance 

installations could be evaluated (RPMA, 1968).  Ten years 

later, no consistent set of performance measures had been 

developed or applied <Knight, 1978),  E<y studying mainte- 

nance activities at civilian firms, universities, and muni- 

cipal governments, Knight developed a large base from which 

measures and procedures could be compared. 
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By comparing civilian industry maintenance activities 

to the Army's RPMA, Knight determined that civilian industry 

was more effective because! 

1. Industry is highly cost conscious and uses 

relatively simple financial controls to monitor pei— 

formance.  This is interpreted as a measure of  productivity 

considering efficiency as a subset of  productivity. 

2. Industry has the flexibility to adjust the 

personnel structure to meet changing demands. 

3. Industry was conscious of how the facilities 

were utilised and attempted to maximize their use. 

This is interpreted to mean that industry was successful 

in planning their operation. 

4. Industry consolidated engineering expertise 

above the plant level in order to provide supervisory 

control and coordination among plants.  This is interpreted 

as providing more reliable and consistent design work. 

5. Industry commonly provided more autonomy at the 

plant manager's level than the RPMA manager was allowed. 

This is interpreted as a measure of initiative, in that the 

plant manager was freer to test management innovations. 

(Knight, 1978) 
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These measures identified by the Knight study ore signifi- 

cant in that they address both costs and the more abstract 

aspects of initiative and flexibility.  These measures will 

be evaluated more closely in the following sections. 

Studies of Naval Real Property Management systems,while 

not as extensive as those of the Army, have identified 

several objectives of these systems.  These include 

1. Increasing productivity of the worK force. 

2. Controlling and coordinating the maintenance 

workload and workforce. 

3. Providing a means of directing the efforts of the 

workforce to some departmental goals. 

4. Reducing costs in conducting maintenance. 

5. Allowing for selectivity of flexibility between 

alternatives. 

(Ellis, et al., 1975) 

A comparison between the Navy RPM objectives and the 

measures of effectiveness identified in the Knight study 

reveal several significant parallels.  These include concen- 

tration on control, productivity, planning and flexibility. 

The actual significance of these similarities will be 
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developed later in this chapter. 

Research did not reveal any major studies of RPMA with 

respect to the Air Force or Marine Corps,  Some studies were 

found that addressed portions or components of the RPMA's 

operations. However» none of these studies was sufficiently 

comprehensive to permit an overall evaluation of the organi- 

sation.  The Marine Corps does not specifically identify 

organizational objectives in its Real Property Maintenance 

manuals.  It does however, prescribe methods, procedures and 

forms for conducting the real property maintenance opera- 

tion. (CMC, 1980).  These methods are in accordance with DoD 

objectives and guidelines. 

Although the U.S. Coast Guard is not a part of DoD and 

therefore is not required to conform to DoD programs, they 

have developed a system of facility evaluation that 

addresses both the physical condition and the functional 

adequacy of the facility for its mission.  This system is 

designated the Facilities Adequacy Scoring Technique (FAST). 

The FAST system is an inspection procedure that produces a 

numerical index for the physical condition and the func- 

tional adequacy of the facility.  The idea of indexing the 

condition of a facility is not new. The Army has developed a 

condition code for it's Integrated Facilities System (IFS) 
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(E<arry» 1969) .  The FAST system is a significant improvement 

over the IFS system» as it provides a measure of the ade- 

quacy of the facility to support it's intended purpose.  A 

particularly significant impact of this system is that deci- 

sions on resource allocation are based on the results of the 

FAST scores» as well as * . . . evaluating the success of the 

Civil Engineering maintenance effort," (Lucas» 1982).  The 

FAST system however» does not directly evaluate the mainte- 

nance process.  This is crucial because without analysing 

the process there is no way to measure efficiency or effec- 

tiveness. 

Regardless of how system and objectives are esta- 

blished» to an RPMA the acid test is the evaluation per- 

formed by either higher headquarters» or by independent 

audit agencies.  The independent agencies referred to here 

are the General Accounting Office, DoD Audit Agency» and the 

audit agencies of the various services. 

Four Army Audit Agency reports that evaluated four dif- 

ferent RPMA's were reviewed.  All four of these audits 

focused on the quantitative and procedural aspects of the 

respective organisations.  Deficiencies wore consistently 

identified in the following areas» 
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1 , Planning worK 

2. Scheduling or controlling worK< a measure of reliability 

as well as supervisory control) 

3» Efficiency of the work force 

4» Assessing quality 

5» Sampling to determine areas that need improvement 

(USAA Ft.Bragg, Ft.Benning, Ft.RucKer, 1973) 

Ft.Campbell, 1980) 

The fact that these deficiencies identified by the 

agencies are similar to the problem areas identified in the 

Knight study is significant.  It indicates that» at least on 

the quantitative measures the services are adequately 

addressing the same type of objectives that civilian indus- 

try is.  Notably lacking in these audit reports was any 

evaluation of either flexibility or initiative. 

Similar results were obtained from GAO reports and DoB 

Audits of RPMAs.  They consistently identify deficiencies in 

areas of worK identification» worK planning, work accom- 

plishment» and worK appraisal (Compt Gen rpt 1979).  Recent 

GAD and DoD studies have specifically concentrated on the 

Commercial Activities program (Melchner 19S3).  The problems 

identified here are those of effective service contract 
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management.  This is a growing problem in Marine Corps Real 

Property Activities» and will be developed further in the 

next chapter. 

It is apparent that there ore a number of measures of 

effectiveness in use for evaluating the RF'MA.  Even from the 

DoD level» most of these measures deal in resource costs» 

The evaluation of a DoD RF'MA only in terms of cost» can 

detract from the primary mission of DoD» which is the 

nation's defense.  Though costs should be considered in 

measuring effectiveness» there are additional factors to be 

considered.  (Arnold and FinK 1974). 

iff§£ÜveQ§§s. Ihegries 

The concept of organisational effectiveness has been 

the subject of many studies in the past two decades.  A 1977 

review of some seventeen studies on organizational effec- 

tiveness concluded that effectiveness should be examined 

from the aspects of goal optimization» a systems perspec- 

tive» and  human behavior within an organization.(Steers 

1977).  The idea of organizational goal attainment was basic 

to many of the studies on organizational effectiveness 

reviewed by Steers. 
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The major advantage of the goal approach in 
evaluating effectiveness is that organizational 
success is measured against organizational inten- 
tions instead of an investigator's value Judge- 
ments( that is what the organization "should" be 
doing).  Because different organizations pursue 
widely divergent goals, it is only logical to 
recognize this uniqueness in objective evaluation 
attempts.CSteers,1977,p53 

Another advantage to the goal approach is that it can 

be easily quantifiable with careful selection of goal param- 

eters.  This particular aspect of organizational effective- 

ness can be adapted to the number oriented Real Property 

Maintenance Activity.  Steers emphasizes that goals should 

be collectively optimized rather than individually maxim- 

ized.  As an example, consider the space program's goal of 

putting a man on the moon.  It effectively achieved this 

goal} however, the goal of efficiency was not maximized 

(Steers, 1977).  As an extension of the same program, con- 

sider the space shuttle program.  By developing a reusable 

space craft, the emphasis is now more on efficiency.  This 

concept of optimization would appear to worK best in an 

organization with both multiple goals and multiple con- 

straints, such as the space program. 

The second aspect suggested for understanding 
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organizational effectiveness is a systems perspective.  The 

systems perspective views goals in a dynamic framework, one 

where goals are constantly changing over time (Steers,1977). 

The RPMA is an organization that is fluid in nature.  K is 

not the change in quantitative goals that make them fluid, 

as these goals are relatively constant.  It is the organiza- 

tion itself that becomes dynamic with each change of the 

maintenance officer, Key maintenance personnel, or the 

installation commanders.  Each change in personalities 

causes a corresponding change in the emphasis of the goal 

optimization process.  This is primarily due to the dif- 

ferent leadership styles and personal biases of each indivi- 

dual that assumes the responsible position. 

The remaining aspect of organizational effectiveness is 

human behavior in organizational settings (Steers, 1977). 

The RPMA is comprised of both civil service and military 

personnel.  The ratio of military to civilian varies between 

the services.  Their individual contributions to goal 

attainment depends on many variables, which are the same for 

all RPMA organizations.  Variables such as relative com- 

petence, experience, expertise, and Knowledge of procedures 

are some of the variables that fall into this  category. 

These types of variables were not addressed by any of the 

studies or audits reviewed on actual RPMAs.  Therefore they 
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will not be addressed here. 

Steers also evaluated the seventeen studies in terms of 

criteria or dimensions that accounted For much of the varia- 

tion in the effectiveness of the diverse organizations stu- 

died.  An important consideration in developing effective- 

ness criteria is to "... ensure that the criteria are con- 

sistent with the goals and purposes of a particular organi- 

sation (Steers,1976,p•53). " Measuring effectiveness, even in 

relation to the organizational goals requires some form of 

measurable criteria.  In Steers' review of the effectiveness 

studies, a small degree of commonality was observed.  More 

notably, thu criteria of adaptability or flexibility was 

mentioned in over half of the seventeen studies (Steers, 

1977) • 

The concept of adaptability or flexibility refers to 

the ability of managers to adapt their organizations to 

changes in the working environment (Steers, 1977).  As pre- 

viously stated, the influx of personnel in the RPMA creates 

a constantly changing worK situation.  Additionally, as the 

management of RPM at the headquarters level becomes more 

sophisticated, the requirements placed on the individual 

installations for reporting and managing will increase (Com- 

mandant of the Marine Corps,1980)»  The individual facili- 



ties officer must» if he is to be successful, be able to 

quicKly change his organization to coincide with new direc- 

tives and guidelines. 

Thi second most prominent criteria noted by Steers was 

productivity.  Productivity is referred to here as a summa- 

tion of output for a given period.  This is not to be con- 

fused with efficiency, which was also mentioned in these 

studies. Efficiency is a ratio, or at least a comparison, of 

outputs to inputs (Steers*1977)<  Productivity deals in the 

maximum use of time while efficiency deals in the maximum 

use of all types of resources (Steers,1977).  These two 

similar concepts can easily be quantified in the management 

of real property.  The productive use of time and the effi- 

cient use of materials and equipment are important con- 

siderations when evaluating an RPMA. 

When dealing with effectiveness of an RPMrt, one is 

affecting or can affect many RPMA employees and military 

tenants of facilities.  Because an effectiveness rating will 

result in a reallocation of resources or possibly manpower 

reductions, it is important that the criterion for measure- 

ment be as comprehensive as possible.  In an effort to 

assure the validity of criterion to be used, Cameron's six- 

critical questions in evaluating organizational effective- 



ness will be employed.  These questions are: 

1. What is the domain of activity being focused 
on? 
2. Whose perspective or point of view will be 

used7 

3. What level of analysis is being used? 
4. What time frame is being employed? 
5. What type of data are to be used? 
6. What referent is being employed? 

CCameron,1980,p . 723 

Employing the above six questions in the criterion 

selection process should assure that valid and reliable 

measures will be obtained.  However, the framework of the 

overall effectiveness evaluation should be an optimisation 

process in view of the many conflicting constraints placed 

on the RPMA management personnel. 

In order to evaluate an organisation and to predict and 

direct its functions, a full understanding of the relation- 

ships of its component parts to the whole is required.  One 

method of understanding these parts is to construct a model. 

Many models of organizational effectiveness have been con- 

structed and tested.  Each model attempted to evaluate 

organizational effectiveness» some for a limited community, 

others on a more universal basis.  Mr. Thomas A. Mahoney and 

William Weitzel have empirically developed a model that 
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could do well in evaluating organizational effectiveness in 

the RPMA.  This model, called the general business model, 

was capable of accounting for some 65 percent of the vari- 

ance in judgements of ultimate effectiveness (Mahoney & 

Ueitzel»1969).  This model was empirically constructed from 

a survey conducted in 283 organizations.  The model is best 

summarized in the following figure? 

Overall Effectiveness 

Fiel iabi 1 ity 

Productivity 

f 
Support 

/ 
Cohesion 

Supervisory 

Support 

Development 

Initiation 

Flexibility 

upervisory 

Control 

Cooperation 

General Business Model 

Figure II-l 

The primary criteria for evaluation under this model 
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are listed in order of their importance t reliability, pro- 

ductivity, planning, and initiation (Mahoney X 

Weitirel, 1969) •  It is interesting to note that these four 

characteristics are part of the requirements for managing a 

Real Property Maintenance Activity (Commandant,1980)•  It 

would seem that this model would serve well as a normative 

basis for a new Marine Corps effectiveness measurement sys- 

tem > 

Summary. 

All models and studies reviewed in preparation of this 

topic had a common theme, regardless of the approach taken. 

This consensus is best expressed as t 

The practicing manager must accordingly demonstrate 
a capacity to understand these various approaches 
and to derive from them such models whose concepts 
are most applicable to his or her own unique 
situation, CSteers,1977,p,503. 

There are numerous methods of measuring organisational 

effectiveness.  The Department of Defense requires the use 

of summary level indicators for effectiveness measurement. 

It also requires each service to develop its own indicators 
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based on cost and labor measurements. 
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CHAPTER III 

METHODOLOGY 

Overview 

The objective of this thesis is to identify o measure 

or combination of measures of effectiveness thot enable 

managers of Real Property Maintenance Activities to 

comprehensively evaluate the performance of their activi- 

ties.  The measures selected must be compatible with current 

DoD and Marine Corps Real Property Management programs. 

Additionally the system will be designed for use by head- 

quarters level managers.  Information should be transmitted 

in the form of a timely report submitted by each activity. 

The report format must be applicable to those activities 

maintained by contractors as well as those by in-house 

forces. 

A decision support system will be utilized to identify 

the essential elements to be used as measures of RPMA effec- 

tiveness.  The first step will be the description of the 
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niQintenonce process»  This will be accomplished through the 

use of IEi£F diagrams» which will be explained later in this 

chapter.  The identified elements will serve as inputs to 

General Business Model which will produce an effectiveness 

rating»  A simulation of actual RPMAs will be used to gen- 

erate data for the rating system.  The data generated by the 

simulations represents data currently available through USMC 

accounting systems»  The simulations represent ongoing RPMAs 

and produce output in the format of a full fiscal year of 

reports. 

Selection of effectiveness measures can be made only 

after the contracted maintenance process is required to 

accumulate data that is similar to that presently collected 

by in-house forces.  The data required will be developed in 

the next chapter. 

The effectiveness measurement report will be con- 

structed through the use of a conceptual model.  The concep- 

tual model is a component or factor representation of a con- 

cept.  In this case, the concept will be organizational 

effectiveness, and its components, the factors used to 

describe it.  The model selected is shown below? 
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Organizational Effectiveness 

Productivity Initiation 

Planning 

Reliability 

Modified General Business Model 

Figure 111 — 1 

This model is the General Business Model, developed by 

Mahoney and Weitzel, and was introduced in the previous 

chapter»  This model used four primary dimensions of effec- 

tiveness to evaluate the overall effectiveness of a business 

organization. These four dimensions, with their subordinate 

factors, were successful in explaining the responses of 56"i 

of the organizations surveyed.  This is significantly better 

than any of the other models reviewed.  Therefore, this 

model was selected to evaluate the overall effectiveness of 

Marine Corps RPMAs.  The dimensions of the model are defined 

as; 

Reliability - Consistently meeting objectives 

Productivity - Efficient performance and resource 
utilization 
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Planning - Operations are planned and scheduled to 
avoid lost time and crisis management 
This includes the flexibility to 
incorporate environmental changes xn 
the planning of operations. 

Initiation - The ability to take steps to improve 
worK methods and operations» 

The model will be limited to these four primary dimen- 

sions because "The secondary dimensions in the model tend to 

be descriptive of organisational behavior rather than output 

or performance; this, then might be viewed as criteria of 

organizational capability for future output 

performance."CMahoney and Weitzel. 1969f p. 3603» 

Mahoney's analysis of the four primary dimensions with 

their subordinate factors concluded that the dimensions of 

productivity and planning were most significant in explain- 

ing the evaluations of overall effectiveness (Mahoney & 

Weitzel, 1967).  The selection of these two factors as meas- 

ures of effectiveness is consistent with the productivity 

and planning guidance provided the various services by DoD. 

As previously stated. DoD and congress have been concerned 

with proper planning and productivity in the management of 

Real Property.  A comparison of DoD definitions presented 

earlier and Mahoney's definitions shows a high degree of 

correlation.  This makes the analysis of the dimension of 

34 



«-n 

productivity much easier as the DoD cost accounting system 

already has provisions for data collection.  The analysis of 

the planning dimension is also facilitated as the Marine 

Corps has specific guidelines for planning documents (CMC 

1980) . 

§i!l"il!3iiQQ tlQdeling 

Simulation is the process of designing Q model of 
a real system and conducting experiments with this 
model for the purpose of either understanding the 
behavior of a system or evaluating various stra- 
tegies (within the limits imposed by a criterion 
or set of criteria) for the operation of the 
system.LShannonr 1975rp.23 

The system to be simulated for this study is the Real 

Property Maintenance Activity.  The model represents the 

work control and the worK accomplishment processes of the 

activity.  The function of the model is to accomplish work 

identified by an Annual Work Program» within the constraints 

of manpower and funding.  Performance data on these 

processes will be collected and converted into the proposed 

effectiveness evaluation system.  The process to be followed 

is illustrated in Figure III-2. 
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Controct 
Maintenance 
Model 

'Simulation 

RPM 
Model 

'General Business 
Model 

/ 
Effectiveness Ratino 

Thesis Methodology 
Figure III-2 

Modeling l2°A§ 

The selection of actual elements or factors to be 

included in the final model can only be accomplished after 

an analysis of   the RPM process.  This analysis will be 

accomplished through the use of a process model recently 

developed for the Air Force's Integrated Computer Aided 

Manufacturing (ICAM) program.  This modeling system is known 

as  IDEFO (Softech, 1981). 

II'EFO is used to produce a function model which is 
a structured representation of the functions of a 
manufacturing system or environment* and of the 
information and objects which interrelate those 
functions.CSoftech, 1981, p.3-13 
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The IDEF model uses a series of boxes and arrows to 

represent the various functions and activities.  An example 

is shown in Figure III-3. 

Inputs 

Controls 

Manufacturing 
Function 

Mechanism 

Outputs 

IDEF Process Model 

Figure II1-3 

The manufacturing process is further divided into the sub- 

functions that comprise it.  These sub-functions are 

represented in additional boxes that present a more detailed 

picture of the manufacturing process. A graphic example of 

this is depicted in Figure III-4. 
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Figure XII-4 

38 



For purposes of this study, the maintenance process 

will be represented without reguard to organisational struc- 

ture, but with respect to the processes required.  Once the 

RPM process has been modeled* the process as it applies to 

the contracted maintenance will be addressed through the use 

of a decision support system construction process. 

üL'§£i§i9ü §yßE9£i Systems 

The decision support system process will be used in 

this thesis to cerforsr- +.>-.!f^ functions.  First it will np used 

to identify information that will be reqv;ired from the con- 

tract maintenance process to develop planning, programming 

and productivity data.  Second it will be used to select 

effectiveness elements from the RPM process to serve as 

inputs to the effectiveness measurement system. 

Computer technology has advanced to the point that data 

(information) can be collected, and otherwise processed at 

amazing rates and quantities. The manager of today has more 

information available to evaluate than ever before. So much 

so that there may be too much information for the manager to 

effectively use.CHussain 1981). A manager is normally 

responsible For making decisions and generally conducting 
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business.  This is no less true for the Real Property 

Maintenance Manager.  In order for the headquarters level 

manager to manage his activities it is essential that he 

have sufficient information, but not too much.  He must 

determine exactly what information is needed, why it is 

needed and how often it is needed.(Hussain 1981,p.11) This 

is, in reality, the pre-design phase of constructing a Deci- 

sion Support System. 

Decision Support Systems CDSS) are an outgrowth of 

Management Information Systems(MIS), and are intended to be 

management tools.  They are tools aimed at improving the 

effectiveness of a manager with the design of the system 

under the control of the manager.(Keen l?78?p»2)<  These 

systems have been implemented in several industries, with a 

great deal of success.  (Keen 1978,p.15). 

The development of the DSS occurs in three phases.  The 

first phase requires that Key decisions be identified.  This 

phase will be referred to as the pre-design phase.  It will 

require the construction of both descriptive and normative 

models of the decision maKing process.  It will also gen- 

erally define objectives for support effort, as well as per- 

spectives and Key interests .<Keen 1978, p.175).  In effect 

it will provide design specifications. 
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The second phase or design phase, requires the refine- 

ment of the objectives and eventually the construction of 

the actual system.  The design phase will answer the follow- 

ing questions! 

1»  What do we want the DSS to accomplish? 
2. How will we recognize when the system is complete- 

that is» when it has met its design objectives? 
3. What are the priorities and or sequence of stages 

planned to meet the design aims? [Keen, 1978, p,180J 

Once these questions are answered, then the final phase, the 

implementation phase, can begin.  In this study the imple- 

mentation phase will be a recommended sequence of implemen- 

tation steps. 

System B^fiQiiieD 

The Real Property Maintenance Activity can be charac- 

terized using the IDEF configuration shown in Figure III-5 
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Real Property Maintenance Process 

Figure III-5 

The individual maintenance processes conducted by the 

RPMA will be further analyzed in the following chapter.  The 

process basically requires that deficiencies be identified, 

corrective action be estimatedy programmed, and accom- 

plished, and finally the work should be appraised for qual- 

ity and completeness.  Performance data from the areas of 

work generation, and work accomplishment will be collected 

and processed in to an effectiveness evaluation. 
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This «simulation is intended to capture performance data 

involved in the RPMA operation.  These performance data are 

the result of the sequential execution of an Annual Work 

Program (a listing of worK programmed to be accomplished 

during the fiscal year)» requiring the consumption of two 

primary resources, man-hours and dollars.  A graphic 

representation of the model is illustrated in Figure XXI-6« 
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RPMM Simulation Model 

Figure II1-6 
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Work Control Simulation Model 

The worK control model is illustrated in figure III-7. 

Normally Distributed 

Labor hours 

Normally Distributed 

Source Code 

Normally Distributed 

Project costs 

Normally Distributed 

Repair Code 

No Line items 

Fiequi red 

Annual WorK Program Funding Level 

WorK Control Simulation Model 

Figure III-7 



The labor and dollar components represent the estimated 

resources required to correct the deficiency identified by 

the line item.  The worK source code component identifies 

the source of the worK requirement.  This will be from 

either the Long Range Maintenance Plan» tenant requests, or 

other unprogrammed sources.  These unprog rammed sources 

represent emergency requirements or work that gas not anti- 

cipated . 

The repair code component represents a programming 

decision to accomplish the work by either in-house forces or 

by contractor(smal1 service or repair contracts).  The per- 

centage for contract or in-house accomplishment will vary 

with the size of the baser as does the number of line items 

required to be generated. 

y°IÜ ££cgmßlishment Simulation Model 

The WorK Control Simulation Model generates an annual 

work program that represents a full fiscal year's worth of 

programmed work.  The Work Accomplishment Simulation Model 

executes the annual work program and collects performance 

data for effectiveness report preparation.  For ease of pro- 

gramming the effectiveness evaluation system was included in 
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the work accomp1ishment simulation.  The UorK Accomplishment 

Simulation Model is illustrated in Fiqure III-8. 

Labor Hours 
Available 

Bas 

WorK 
Accomplished 

Annual WorK 
Program 

I 

Number of Facilities 
Inspected 

Funding Level 

Work Accomplishment 
Model 

I 
Effectiveness 

Rating 
Performance 
Data 

WorK Accomplishment Simulation Model 
Figure III-8 

The labor and funding components of the model are two of the 

variables that will be manipulated? and will be determined 

from the Annual Work Program component.  The base size com- 

ponent is the number of facilities that the RPMA is required 

to maintain.  The facilities inspected per quarter 

represents the number of facilities that the activities' 

inspection section has actually inspected during the quar- 

ter . 
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The data elements described here represent the input 

data for the Real Property Maintenance Process.  These data 

will be processed by the two subordinate simulations» the 

WorK Control model and the WorK Accomplishment model to pro- 

duce the effectiveness rating. 

As previously described the data used in the construc- 

tion the RPMA model are generated from either a normally 

distributed random number generator or established by the 

author for test purposes.  Each data structure will be dis- 

cussed in detail in the following chapter.  Listed below are 

the data elements and their sources» 

Table III-l 
Work Control Model Variables 

BsirS El§!L'!?Dl; 

Labor Hours 
Project Cost 
Repair Code 

Source Code 

No line Items rqd 

Source 

Normally Distributed Random Number 
Normally Distributed Random Number 
Normally Distributed Random Number 
With selection parameters 

Normally Distributed Random Number 
With selection parameters 

Established in relation to base size 
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Table II1-2 
Work Accomplishment Model Variables 

Data Element 

Annual Work Program 
Base Size 
No Facilities inspected 

per quarter 
Labor Hours Available 

Funding Level 

Source 

Work Control Model 
Established by the Author 

Normally Distributed Random Number 
A percentage of the hours generated 
for the Annual Work Program 

A percentage of the costs generated 
for the Annual Work Program 

EL;E§li2!§Qi3l De.s.i9Q 

Several different experiments were conducted with the 

RPMA model»  Each experiment was conducted for three dif- 

ferent base sizes, in order to demonstrate the applicability 

of the effectiveness measurement system for all Marine Corps 

Bases.  Parameters  tested to determine the sensitivity of 

the model were labor hours available* funding level, levels 

of programming* the source code) and the level of inspec- 

tion.  Chapter V contains descriptions of the simulation 

experiments and their corresponding scenario's. 

Summary 

The development of   an Effectiveness measurement system 
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for Real Property Maintenance activities will be accom- 

plished through the use of a conceptual model of overall 

effectiveness.  This conceptual model includes four primary 

dimensions of effectiveness.  These dimensions are produc- 

tivity» planning, reliability» and initiation. 

The selection of elements for the proposed effective- 

ness rating system will be accomplished only after specifi- 

cations were developed to enable contracted maintenance 

activities to collect information similar to that currently 

collected by in-house forces. The actual selection process 

was accomplished through the use of a decision support sys- 

tem construction process. 
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CHAPTER IV 

THE MODEL AND ITS ELEMENTS 

Overview 

The effectiveness rating system will be based on 

Mahoney's General E<usiness Model.  This conceptual model 

will then be applied to the maintenance process, as 

developed for the contracted maintenance specifications con- 

struction . 

As previously described, the conceptual model includes 

the primary components of reliabilityr productivity, plan- 

ning, and initiation.  .lahoney's research identified a 

definite importance level for each of the four primary 

effectiveness factors.  These significance factors will be 

applied to the proposed rating system.  The factors will 

approximate the weights established by Mahoney's linear 

regression model.  The effectiveness measurement elements 

will be weighted according to the following equation; 



Effectiveness = »45 > 

+ .25 > 

+ .17 i 

+ .13 > 

Productivity value 

Planning value 

Reliability value 

Initiation value 

The final result of this thesis, an effectiveness 

measuring system» will be used to compare various Marine 

Corps RPMAs, and accordingly allocate resources.  The selec- 

tion of   specific elements for the effectiveness measurement 

model and the data collection specifications for contracted 

maintenance will be performed through the use of a decision 

support system construction process. 

Now that the effectiveness rating system has been esta- 

blished T it is necessary to select elements of information, 

presently available» to provide data for the rating system. 

This will be accomplished through an analysis of the RPMA 

process model. 

RPMA Process Model Description 

As previously stated the process of HOD Real Property 

Maintenance is a continuous one.  The essential elements of 

the process are worK generation, work control, scheduled 
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accomplishment, and work appraisal.  Their relationship is 

shown in the following model: 

Work 

Generatlor 

Total 

Work      Requirements 

Tenant 

Rqmts 

•£• 
Planning      Documents 

Estimated  Work 

Unfinished   Work 

i Funds 

Accompli 

shment 

f Man 
' Hour 

Accomplished     Work 

-~-& . 
Sampled    Work 

RPMA Process Model 

Figure IV-1 

In this model the appraised process includes the evaluation 

Of the quality of worK accomplished as well as reviews of 

worK generated and worK control outputs.  In order to under- 

stand Just what is reviewed a closer look at the work gen- 

eration and work control sections is necessary. 
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The model of the worK generation process is shown 

below: 

Inspection 

Program 

Inspected 

\        Deficiencies 

Tenant     Reqmts 2 Total   Work    Reqirements I 
WorK Generation Process 

Figure IV-2 

The tenant worK requests are basically the work which 

tenants desire to have performed an their facilities.  This 

can range from minor repairs to minor construction.  These 

work requirements are a small portion of total work and are 

grouped with the results of the facility inspection process. 

The facility inspection process includes a physical inspec- 

tion of each facilityr and a listing of deficiencies with 

estimated repair costs and» if applicable» time frames  when 

repairs are needed. Ideally, all facilities will be 

inspected in order to identify total work requirements. 

Additionally» the quality of the reports should be suffi- 

ciently accurate so that the cost requirements identified 

approximate the cost of repairs as they are actually per- 
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formed»  The output from this worK generation process is a 

listing of total worK requirements. 

The outputs from the worK generation process feed into 

the work control process.  The model for this process is 

Shown belOW. Planning  Documents  

L R M P 

Current   Year 

Work 

Work Control Process 

Figure Iv"-3 

As shown in the model,   the total work requirements 

serve as a basis for the programming of all work.  The long 

range maintenance plan serves to project resource require- 

ments for the next five years.  The annual work plan is an 

unconstrained scheduling of work required in the next fiscal 

year.  This plan becomes the Annual Work Program as it is 

executed during the scheduled accomplishment phase. It is 



  

constrained at that time by funds, manpower and materials 

available.  At the end of the fiscal year , any unexecuted 

worK is returned to the work control process to be included 

in the Backlog of Maintenance And Repair report»  This 

report is assembled and forwarded to Headquarters Marine 

Corps for ultimate submission to congress. 

Finally the inspection reports are maintained in a 

facility historical file for the purpose of developing an 

audit trail of modifications to, and condition of the facil- 

ity. 

6£'QA tTQ?.§S5 (JQfilel Analysis 

In the process of conducting Facilities Maintenance, 

the responsible officer would continuously monitor the vari- 

ous processes previously described.  He would specifically 

concern himself with acquiring answers to the following 

questions . 

1. What are the total deficiencies that require 
correction? 

2. How is the workload programmed for accomplishment? 
3. How is the Preventive Maintenance being conducted? 
4. Which facilities require the most work? 
5. How much money should be allocated for repair projects 

in future years? 
6. At what level should this activity be funded to 
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prevent deterioration? 

There are» as yet» no provisions for acquiring this 

information from the contractor.  These points of informa- 

tion individually viewed do not evaluate performance?.  How- 

ever, if they are collectively reviewed they can provide 

indications of  completeness of the worK identification, the 

thoroughness of the maintenance programming process, the 

commitment to worK accomplishment and an overall feel for 

effectiveness.  It is understood that these are not the only 

measures of effectiveness.  These are measures that, if mon- 

itored regularly, will indicate how well the installation is 

being cared for. 

£Q!3li.'5i§ of Organizational QQQlidergtigns 

With the increased emphasis on contracted Real Property 

Maintenance, measurement methods are required to evaluate 

the contractors RPM process, as well as the in house forces. 

Presently the in-house forces conduct the process as 

described in the RPMrt Process model.  Selecting effective- 

ness measures for them can be done from that model. 

The contracted RPM process is, as yet, new enough that 
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provisions for the process evaluation have not been 

developed.  Within the provisions of A-76, management func- 

tions that involve allocation or programming of federal 

funds must be performed by federal employees.  This will 

mean that those worK control functions that involve these 

functions must be performed by the maintenance officer's 

staff.  Further discussion of this process as it relates to 

effectiveness will be contained in the proposed contract 

model section. 

fjescriptive QQQiri3.£iid Maintenance Model 

Marine Corps Service contracts are presently administered 

through the nearest Naval Facilities Engineering Command's 

Officer In Charge of Construction (OICC).  This is the only 

services contracting source available to Marine Corps 

RPMA's.  Historically, the OICC administered the service 

contracts by coordinating with the maintenance branch as he 

felt necessary.  Beginning in January 1982, the Marine Corps 

established a service contract administration section within 

the maintenance branch(CMCMSG 080017 z   Jan 82).  This sec- 

tion performs all aspects of service contract administration 

except the actual payment and modification of contracts. 

The essential informational flow of information between 



m onager  and   contractor   is   shown   belowt 

Tenant    Rqmt s 

Contract 

Manage r 

Work    Rqmts 

1 Payment    Controls 

Work     Accomplished 

Contractor 

Sampled    Work 

Q    A     E 

Q A E       Reports 

Present Contracted Maintenance Process 

Figure IV-4 
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t'g§£Iißiivg G9Qir.!ä££ed Maintenance MQÖSl Analysis 

As shown in the descriptive model» the communication 

between the contractor and the service contract manager is 

currently a transmittal of work requirements, contract 

interpretation and requests for clarification on contract 

details.  The contractor's performance is monitored through 

the quality assurance evaluators attached to the maintenance 

branch.  The contractor performance referred to here is the 

actual quality of the work performed.  For example were 

replacement windows of the quality specified, or were pave- 

ment cracks sealed properly.  However, with the use of new 

total maintenance operations contracts additional means of 

evaluating the contractor's performance will be necessary. 

The elements of information required will be identified in 

the next section. 
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Pioggsed Contracted Maintenance Model 

Payment   Controls 

Contract 

Manager 

Work 

Rqmts 

^ 

Work       Accomplished 

Contractor 

Contractor     Reports s~\ 

^ 
Q A E   Report: 

Proposed Contracted Maintenance Process 

Figure IV-5 

In the above model provisions are included for the sub- 

mission and evaluation of planning, programming and inspec- 

tion of maintenance management documentation.  The reports 

and files to be maintained, include the following areas'» 

WorK schedules (monthly & yearly) 
WorKload programs (monthly) 
Annual Inspections 
Preventive Maintenance Inspections 
Facility History files 
Heating, Ventilation, and Air Conditioning standards 
Preventive Maintenance standards 

The reports to be submitted are defined in the proposed 

specifications contained in append!:: D.  These specifica- 

tions are abstracted and modified from an existing Military 

Family Housing Maintenance Performance Statement of Work 
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(PSOU). (NAvTAC,1981) The reasons for selecting these areas 

for monitoring are presented in the same appendix. 

Q9Qi£2£t Specification Implementation 

Implementation of this proposed contracted maintenance 

information system has two basic requirements.  First the 

proposed specifications should be incorporated into the per- 

formance statement of worK for the contract.  The second 

requirement is that the Maintenance Officer's staff be 

instructed on the proper use of these reports. As these 

reports* or information contained in these reports* are 

currently being used in the Maintenance process» this should 

not be a new requirement for staff personnel. 

Once these specifications are implemented» then the 

uniform evaluation of the maintenance process effectiveness 

can begin. 

EsEy^ Effectiveness Measures Selection 

The decisions that require support at the headquarters 

level are the same as those that were utilised for the con- 

tract maintenance process and the RF'MA process} however the 
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level of detail does not need to be as refined»  As there 

are many different factors influencing the RF'MA, any correc- 

tive action initiated by the headquarters level managers 

should only be made after a careful review of the cir- 

cumstances surrounding the problem.  This is a particularly 

wise approach when one recalls that Headquarters level 

managers are only technical staffs for the commander (CMC, 

1980).  The facilities officer, on station, owes his primary 

allegiance» to the local commander (CMC, 1980),  Any action 

taKen by the facilities officer that impacts on the local 

commander must be approved by the local commander.  There- 

fore the elements selected for the Effectiveness Measurement 

system will support the same types of decisions that the 

facilities officer will need to make, but with less resolu- 

tion.  These questions are. 

1. Are the total deficiencies that require correction 
being identified? 

2. How is the workload programmed for accomplishment? 
3. To what degree is the preventive maintenance being 

conducted? 
4. How confident can we be about the stated condition 

of the facilities? 
5. How well does the base allocate money for local 

repair projects? 
6. How should money be allocated for repair projects 

in future years? 
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Productivity defined, both by DoD ond the General Busi- 

ness Model, refers to efficient performance.  That is, 

present performance compared to a standard either predeter- 

mined or from a previous period.  Each activity is required, 

by Marine Corps Order, to prepare an Annual UorK Plan and an 

Annual WorK Program from the total worK requirements of the 

work generation process.  In the case of contracted mainte- 

nance, these documents would be prepared by the facilities 

officer's staff from inspection reports provided by the con- 

tractor»  It is proposed that the productivity of the RPMA 

be measured by two means»  The first would be a comparison 

of the portion of the Annual WorK Program scheduled for the 

particular quarter to the worK actually accomplished for the 

quarter» The measure would be computed as follows: 

Quarterly portion of the Annual UorK Program accomplished 

Quarterly portion of the Annual UorK Program scheduled 

The second means would be a cumulative comparison of work 

accomplished to date to the total worK identified on the 

Annual UorK Program.  The measure would be computed as fol- 

lows? 

X 100= 
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Total worK accomplished to date 

Total Annual WorK Program 
X 100= 

Both of these measures address the output of the 

maintenance process» in man-hours, as compared to planned or 

programmed worK.  By comparing these two measures» the Head- 

quarters level manager can determine how well the activity 

is moving toward it's established productivity goals.  The 

first means will indicate the quarterly progress which 

should also be reflected in the second.  There are occasions 

that would cause the first means to decline while the total 

effort would continue to increase. 

Planning 

The dimension of planning, as defined by Mahoney and 

Weitsel, involves the planning and scheduling of operations 

to avoid lost time.  The total dimension includes the flexi- 

bility to be able to incorporate changes in the environment 

into operations (Mahoney and Weitsel, 1969).  There are 

three proposed elements for this measure.  The elements are? 

% Facilities inspected year to date. 
% Of Quarterly WorK Plan taKen from the 

unprogrammed sources. 
% Of Quarterly WorK Program taKen from LRHP. 



By evaluating these percentages, the headquarters level 

manager can determine how well the inspection process is 

working and how much of the worK being programmed is actu- 

ally coming from this process.  In order to provide the 

facilities officer some flexibility in programming his work, 

to meet local conditions, it will be necessary to provide a 

programming goal that is less than 100%»  This goal is 

presently set at 75% CCMC, 1980, p.4-1111. 

These elements can also be used in conjunction with the 

year end BMAR report to make a determination on where BMAR 

reduction problems are originating. 

Reliability. 

The dimension of reliability, which is the ability to 

consistently meet objectives, can be measured most directly 

by two elements.  These elements are the percentage of pro- 

grammed quarterly expenditures actually made during the 

quarter, and the percentage of total expenditures programmed 

to those actually made, for the year to date.  These two 

elements reveal the commitment of the activity to spend it's 

statutory maintenance floor.  In the case of the activity 
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that might spend much less than 100% in the first quarter 

and then spend 200 or 300% in the final quarters*such action 

indicates either poor commitment to programmed spending or 

command influence to meet other priorities. 

Initiation 

The initiation component of this model will focus on 

the incremental change between quarters.  The degree to 

which an organization can improve worK methods and opera- 

tions should be reflected in the increases or decreases in 

the previously identified performance measures.  This system 

will identify the positive or negative changes in each of 

the summary level indicators of productivityT   planningp and 

reliability.  This will be accomplished by subtracting the 

last quarter's summary level indicators from the present 

quarter's respective indicator.  The sum of these changes 

will then become the initiation factor for the quarter.  Due 

to the constantly increasing design of the evaluation sys- 

tem, the first quarter of each fiscal year will have a value 

of zero  for the initiation factor. 
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The overall rating for this system will be constructed 

by multiplying the summary level indicators by their respec- 

tive weighting factors and summing the results.  The pro- 

posed format for this rating system is contained in Appendix 

B.  It should be noted that each element computed is submit- 

ted on the report. The reason for this detail will be 

explained later in this chapter. 

WorÜ QQQtrol Model 

The worK control model was constructed to simulate the 

planning and programming process conducted by an RPMA.  This 

process» generically, involves the refining of estimates for 

the total worK required and programming this worK to be 

accomplished with funds and man-hours projected to be avail- 

able during the upcoming fiscal year.  The outputs of this 

process are the Annual WorK Program and the Long Range 

Maintenance Plan<CMC,1980) .  The Annual WorK Program serves 

as an input to the RPMA model to be described later. 

Certain simplifying assumptions were made in the 
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construction of this simulation model.  The first assumption 

was that the labor hours estimated would be normally distri- 

buted over a given range.  This assumption was made due to 

the many unquantifiable factors that affect the actual esti- 

mation process.  Additionally, all that was required for the 

simulation was a distribution of   labor hours for each line 

item of the Annual WorK Program.  The next assumption was 

that the material costs for each line item would be normally 

distributed over a given range.  This assumption was based 

on the same reasons as the labor hour assumption.  An addi- 

tional assumption made concerning this variable was that 

it's numerical value would be approximately six times that 

of the labor hours value.  This assumption is based on the 

author's experience in the field.  The material cost factor 

was empirically developed as a planning factor for budgeting 

purposes.  In the field this factor was based on the labor 

cost, here Q labor cost of one dollar per hour is also 

assumed for simplicity. 

The process of assigning a worK source code was based 

on the guidance provided by Headquarters Marine Corps.  This 

guidance is that at least 75/C of all hours available will be 

programmed for accomplishment.  CCMC,1980,p. 4-113.  This 

guidance was implemented by using a normally distributed 

random number generator that generated numbers between one 
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and 0. If the number generated was less than »75 the line 

item was assigned a programmed source code.  Any number 

between .75 and 1.0 was assigned an unprogrammed source 

code.  Several assumptions, concerning variables used in 

both models were based on the size of the activity simu- 

lated.  These variables are listed belowi 

Variable 

Table IV-1 

Base Size Variables 

Basel  Base2  Base3 

Number of Facilities 
Number of Facilities insptd/qtr 
Number of Annual Program LI 
% WorK Accomplished In-house 
% WorK Accomplished by contract 

35 400 4000 
10 100 1000 
25 280 2800 
90 90 70 
10 10 30 

Base Sizes 

The three sizes of bases simulated are similar to 

actual Marine Corps activities.  Henderson Hall, in the 

Washington areaf   has approximately 37   facilities(Henderson 

Hall contract).  The Recruit Depot in San Diego California 

has approximately 399 facilities in it's inventory(Bowen, 

1983).  In the Pacific, Camp S.D. Butler has a facility 

inventory of approximately 4000 facilities. 
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The number of Annual WorK Program line items for each 

base was set at approximately 70% of the number of facili- 

ties in the inventory»  This assumption was made in order to 

demonstrate the smoothing effects, if any, of a large line 

item program as opposed to a much smaller program» 

The number of facilities inspected was initially 

obtained by dividing the total number of facilities by four. 

This assumed that the activity could inspect 25% of its 

facilities each quarter. 

The percentage of in-house and contract work levels 

were initially established at a 90% in-house worK for 

smaller bases because their worK forces would be smaller and 

more responsive than repair contractors.  The remaining 10% 

contract worK accounted for normal service contracts such as 

grounds maintenance and refuse disposal.  The effort levels 

for the large base indicate a reliance upon repair and ser- 

vice contractors to maintain the base.  These levels of 

effort were selected as a result of the author's observa- 

tions. 
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There hove been occasions in the author's experience 

where previously unprogrammed funds became available to the 

RPMA.  In an effort ot taKe advantage of these funds the 

RPMA would program between 110% and 120% of the budgeted 

funds.  This overprogramming was possible through the use of 

shelf projects that would either be accomplished, in the 

event of additional funding or become part of the next 

year's Annual WorK Program.  These projects would normally 

be repair or service contracts that required funds only.  In 

an effort to simulate this overprogramming, the work control 

model assigns a quarter number of 5 to approximately 20%  of 

the Annual WorK Program produced, and assigns a labor hour 

value of zero to these line items.  This was to simulate 

contract repair or service that would normally absorb the 

excess monies received.  Initial labor hours and funding 

levels were based upon the first four quarters of the Annual 

WorK Program. 

WsrU Q9Di£Ql §iü!ül3iign Model Translation 

The worK control model functions according to the flow 

chart shown in figure IV-6. 
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Figure IV-6 
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Work Accomplishment Model 

The WorK Accomplishment model is based on the worK 

accomplishment process of the RPMA.  It's input variables 

consist of labor hours available, funding allocations from 

the base commander, the size of the base simulated, the 

Annual WorK Program developed worK control model, and the 

average number of facilities the activity expects to inspect 

for the quarter»  The base size and the number of facilities 

inspected per quarter have been previously discussed.  The 

labor hours and funding available will initially be esta- 

blished  as the respective quarterly sums of the Annual WorK 

Program»  These variables will be manipulated in the experi- 

ments described in mor-u detail in the next chapter. 

The Annual WorK Program, as previously described, con- 

tains a sequential program of worK.  In this model the 

Annual WorK Program is an array or matrix that is six 

columns wide and as long as the number of line items 

requires.  The computer Knows it as AWP(m,6), where m is the 

number of line items required.  The format of the array is 

described in the computer program shown in appendix D. 

The WorK Accomplishment Simulation Model accomplishes 

in line item sequence the worK listed in the Annual Work 

Program array.  It does this by insuring that funds onä 
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hours (resources) ore available to do the work, thon accom- 

plishing it.  The resources are then diminished by the costs 

of the work accomplished»  Accomplishing work out of 

sequence is not permitted in the model.  It has been the 

author's experience that this is not an unreasonable assump- 

tion in that programming projects in the facilities mainte- 

nance process requires a certain amount of lead time before 

work can be accomplished or funded.  In the case of repair 

contracts the contract and contract specifications can 

require lead times of up to a year for preparation.  In the 

case of in-house accomplishment, funds can be allocated but 

work cannot begin until the materials have been procured. 

Material lead times vary significantly with the material 

procured, and can be as short as 24 hours or as long as si:; 

months.  For these reasons the First-In-First-Out(FIFO) que- 

ing discipline was adopted. 

§QS§ &§5igQ3tigQS 

In an effort to make an academic exercise more realis- 

tic, designations were assigned to each size base.  In keep- 

ing with Marine Corps traditions, the designations for these 

bases were selected from the long list of prominent Marines 

in American History. 



The smallest base» basel, is hereby designated "Camp 

Samuel Nicholas" after the first "Captain of Marines", a 

commission given in 1775 CHeinl, 1967, p.114] 

The medium size base, base2, is hereby designated "Camp 

William W»  Burrows" after the second commandant of the 

Marine Corps, appointed in 1798 CHeinl, 1967, p.ll4J. 

The largest base, base3, is hereby designated "Camp 

Presly N»  O'Bannon" after the first Marine to raise the 

colors over the 'old world' after a feat of arms in 1805 

CHeinl, 1967, p.1143.  These designations will appear on the 

output of the RPMA simulation model» 

WorK Accomplishment Simulation Model Translation 

The War« Accomplishment simulation model functions 

according to the flow chart shown in figure IV-7. 
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Commuterisation 

The simulations were programmed entirely in FORTRAN» 

The programs with their respective output are   contained in 

appendix C. 

y©Eifi£SÜ9Q 9.Ü.Ü  Validation 

Verification of these models was accomplished primarily 

by debugging the programs and hand calculating the results 

of decisions and calculations»  This process revealed some 

small logic problems in the initial versions of the pro- 

grams.  These problems were corrected and the results 

checked for three separate simulation runs for Camp Nicho- 

las. 

Validation is the process of bringing to an 
acceptable level the user's confidence that any 
inference about a system derived from the simula- 
tion is correctCShannon,1975.p.293. 

The validation of these simulation models will be 

presented in the next chapter during the analysis of the 

experiments. 
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CHAPTER V 

THE EXPERIMENTS 

The purpose of conducting the simulation is to demon- 

strate the ability of   the effectiveness measurement system 

to identify problem areas within the RPM process.  It is 

also intended to demonstrate the applicability of the system 

to bases of any size, or any method of maintenance perfor- 

mance» 

How the Computer Runs Were Hade 

The simulation model was designed to accumulate perfoi— 

mance data for a single year.  A single run represented four 

report submissions.  Each experiment was conducted eleven 

different times with a different random number seed used 

each time.  The data summarized for each element of the 

experiment represents the mean value of the eleven runs for 

that element. 
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Samgle Size Determination 

The model constructed here represents a real system 

that has a multitude of environmental factors affecting the 

outcomes.  Manny of the environmental factors have been 

addressed either by the model itself or by assumptions about 

the model.  In order to obtain a 902 confidence level that 

the true results will be simulated here, a sample size of 

eleven was calculated to be sufficient.  The sample size 

calculations are contained in appendix E. 

Ih§ ?'2S§Iiü§ ÜÜ>:ß§rim§nt 

The purpose of the baseline experiment is to produce 

report results for the activity as it performs at an optimum 

level.  The optimum level was established as follows.  Each 

base was funded in a timely manner with sufficient manhours 

to accomplish the programmed worK within the quarter.  The 

programming source code is within the established guide 

lines and the inspection process accomplishes approximately 

2Z7.  of the total inspection  requirement each quarter.  Fig- 

ure V-l illustrates, in report format, the results of the 

overall rating for a fiscal year for the baseline 
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experiment«   Comparison   of   the   individual   experiment   elements 

with   the   respective   baseline   elements   will   be   addressed   in 

each   experiment. 

Camp  Samuel  Nicholas 
(small) 

Effectiveness Report No,  6 

Element      First Qtr Second  Qtr    Third  Otr Fourth  Qtr 

Productivity Factors 

1 100.00      100.00      100.00      100.00 
2 24.63      50.78      75.99      100.00 

Sum 124.63      150.78      175.99      200.00 

Planning Factors 

3 22.42 47,05 70.40 93.30 
4 9.09 9.09 9,09 12.73 
5 74.55 74.55 30.00 72.73 

13 0.69 159.49 178.76 

Reliability Factors 

6 100.00 100.00 100.00 100.00 
7 24.96 50.28 74.99 100.00 

Sun 124,96 150.28 174.99 200.00 

Initiation  Factors 

8 .00 76.10 78.72 68.29 
Sun                          .00                      76.10                     78.72                      68.29 

Rating 104.01 138.99 155.71 186.62 

**t$t$$t$tttttt**X1Xtttttt$$$****t**$t$9ttttt$****tttttt***t*tt** 

Baseline  Experiment  Report   Summary 
Figure  V-i 
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It is important to note the similarity in the values 

for the productivity and reliability elements   These two 

sections should increase from approximately 125% to api roxi- 

mately 200%, in increments of 25%,  This indicates a con- 

stant level of activity regardless of how much work is pro- 

grammed to be done during the quarter.  Variations in these 

factors will be discussed in later experiments. 

Element 3 is the inspection rate element.  This element 

should increase over the year from 25% the first quarter to 

100% in the fourth quarter.  Under the assumption that a 

100% inspection level will identify 95% of the deficiencies, 

a final value of 100% is desired in this element so that one 

has as many of the worK requirements as possible.  The gra- 

dual increase in even or about even increments, indicates a 

constant level of inspection effort.  The constant level of 

inspection effort is an indication of a smooth functioning 

activity, where consistent emphasis is placed on the basic 

planning documents. 

Elements four and five represent how well the planning 

documents are translated into actions. Element 4 shows the 

level of unprogrammed work that the activity is accomplish- 

ing.  As long as these values are less than the established 
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level of 25% there should be no real concern.  Similarly, 

element 5 represents the level of worK that was programmed» 

This value should be no less than 75% as established by 

Headquarters Marine Corps.  The level at which these factors 

are  set determines Just how much flexibility the local 

maintenance officer will have.  These two elements will vary 

over the course of the year, as shown in the graphs of 

appendix F.  Smaller bases should display a wider variance 

than larger oases because they would have   fewer line items 

in their annual worK program. 

Element 8 addresses improvement in the effort level 

over the year. Due to the increasing values built into the 

system, this element should constantly increase from zero. 

The graph of this element should show a positive slope. 

Variances in this element will be discussed in later experi- 

ments. 

The overall rating should also be constantly increasing 

over the year.  The grcph should show a positive slope for 

all four quarters.  As long as the graph has a positive 

slope the activity can be considered to be effective, even 

though other problem areas may exist.  These other problem 

areas will be discussed later in this chapter. 

The comparisons used as examples in this chapter will 
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be for the smallest base because the variations were more 

clearly defined for that base. 

The availability of man-hours at an activity is nor- 

mally limited to the authorized staffing of the activity. 

There are however, provisions for temporarily hired employ- 

ees CCMC, 19S0,p.3-&D.  This experiment will be conducted by 

increasing the manhours available and providing an increase 

in the given quarter for material dollars.  This will be a 

10% increase in the annual budget allocations.  The results 

of this experiment are shown in Figures V-2a, b and c. This 

figure displays the difference between the baseline results 

and the experiment results for both the overall rating and 

the productivity indicators.  The following graphs represent 

the Man-Hour availability Experiment results. 
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Baseline 

Quarter 

Quarterly Completion Element, Experiment 2 
Figure V-2a 

Figure V~2a shows the effect of increasing man-hour 

availability in the third quarter.  Note the peak that 

results in the third quarter and the drastic drop in the 

following quarter.  This occurs due to the assumption that 

fifth quarter, or over programming, will be primarily con- 

tract work and not for in-house accomplishment.  In the real 

system, an enterprising maintenance officer would create 

shelf projects for in-house forces if there were some 
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prospect   for   it.     This   ia   not   always   the   case   however. 

Element Element 2 

100 

Quarter 
Baseline 

Quarter 

Cumlulative Manhour Completion Element, Experiment 2 
Figure v-2b 

It is interesting to note that the radical peaK in the 

first element is not reflected in the cumulative hours ele- 

ment (2) shown in Figure v-2b.  It does have a marked effect 

on the overall rating element shown in Figure V-2c.  It can 

be inferred from this experiment that unplanned labor 

increases in the labor force, whether civilian overhire or 
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military   troop   labor,   will   be   reflected   in   the   quarterly 

accomplishment  element  and   the  overall   rating. 

Rating Rating 

180     180 
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c  140 
• 
n 
t 

100 

160 
P 
e 
r 
cl40 
e 
n 
t 

120 

100 

Quarter 
Baseline 

Quarter 

Han-Hour Availability Experiment(Rating) 
Figure V-2c 

The Funding Availabilitv Experiment 

This experiment is intended to demonstrate the effects 

of applying additional funding in the last quarter of the 

fiscal year. In this experiment the additional funds were 

applied in the fourth quarter.  These funds were not 

included in the Annual Work Program.  The funds applied will 
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be 50% of the 5th quarter program.  The results of this 

experiment are shown in Figures V-3a» bf c and d. 

The increase or dump of funds in the fourth quarter 

shows an extremely sharp incline in the graphs of Figures 

V-3bi c and d. This sharp incline is not to be considered to 

a problem area.  An activity that is constantly prepared to 

utilize windfall funds demonstrates both reliability and the 

ability to plan and thin« ahead. 
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Element 6 El einen t 6 

130 

120 

160 ,. 

150 .. 

P 110 . 
e 
r . 
c 100 *- 
e » 
n • 

t 90 . 

P140 .. 
e . 
p . 

cl30 .. 
e > 
n • 
tl20 ., 

80 

70 

Quarter 
Baseline 

HO .. 

100 .*- 

1 2       3 

Quarter 

Quarterly Expenditure Element» Experiment 3 
Figure V-3b 
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Figure V-3c 
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Funding  Availability  Experiment(Rating) 
Figure   V-3d 

This experiment will demonstrate the effect of program- 

ming less than 75% of the budgeted resources.  This will be 

accomplished by adjusting the source code parameters in the 

worK control model.  The effects of this experiment will be 

illustrated in Ficiures V-4u, b and c. 
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The programming experiment results are reflected in 

elements four and five.  Figure V-4a and Figure V-4b reflect 

the results graphically.  In these figures the levels of 

programmed and unprogrammed worK exceed established guide- 

lines.  These graphs would indicate to a headquarters level 

manager that the particular activity is a little too flexi- 

ble in its operation.  There can easily be extenuating cir- 

cumstances in this area however.  Problems occasionally 

arise where the activity is required to assist in some local 

functions that may detract from the intended mission. 

It is interesting to note that the overall rating does 

not reflect, to any notice -.ble degree, the programming 

shortfalls.  This points out the the fact that this evalua- 

tion system should not be used to obtain a single number for 

effectiveness rating. 
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Figure V-4b 
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Rating Rating 

100 100 

Quarter 
Baseline 

Quarter 

Level   of   Programming   Experiment(Rating) 
Figure  v*-4c 

IÜ§ LS^gl 2f lD~Bection E?iReiiment 

This experiment will demonstrate the effects of a poor 

inspection program on the report results.  The effectiveness 

of the inspection process coupled with the year end BMAR 

report and the overall rating» should provide some insight 

as to the BMAR or worKioad might be in future years.  The 

results of the experiment are displayed in Figures V-5a and b. 
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Rating Rating 

180 
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Level of Inspection Experiment<Rating) 
Figure V-5b 

The effects of this experiment manifest themselves in 

the graph of element 3 and the overall rating.  Basically 

the only results apparent are decreases in the numerical 

value for these two elements. 

The value of this element is that it provides a basis 

from which the headquarters level manager can assess the 

commitment to the planning process of the activity.  The 
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theory here is that  solid planning cannot be conducted from 

an incomplete data base. 
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CHAPTER VI 

CONCLUSIONS 

Overview and Limitations 

The overall objective of this thesis was to identify a 

measure or combination of measures of effectiveness that 

enable managers to evaluate RF'MAs reguardless of who pro- 

vides the service.  This objective included both defining 

measures of effectiveness for RPM, and developing a means of 

quantifying and reporting these measures» 

In pursuit of that objective* a literature search was 

conducted. Research revealed an organisational effectiveness 

model developed by Mahoney and Weitzel»  This linear regres- 

sion model» the General Business Model , was empirically 

developed from the perceptions of managers in 233 organiza- 

tions.  The model, as used, consists of four primary com- 

ponents, productivity, planning, reliability, and initia- 

tion . 

Before accounting data elements were selected as inputs 
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to this model» it was necessary to consider the impact of 

the commercial activities program on the RPMA.  The result 

was that accounting and inspection information specifica- 

tions were developed to permit the proposed effectiveness 

measurement system to apply to contractors that may in the 

future maintain Marine Corps Activities. 

Once the contractor and in-house forces were collecting 

the same type of information, then the effectiveness meas- 

urement elements could be selected.  The results of this 

process are contained in Appendix B.  The effectiveness 

measurement system was evaluated through the use of a simu- 

lated RPMA. 

The simulation is a rigid simulation which cannot simu- 

late some of the unique and rare happenings at the various 

activities throughout the Corps.  The model is adaptable for 

various size bases, and their corresponding methods of work 

accomplishment.  From a statistical viewpoint the results of 

the experiments should predict to some extent» the actual 

values to be encountered in the field. 

Within the limits of the simulation and the 
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experiments, several conclusions were reached.  It is impor- 

tant to remember that these conclusions are based on a simu- 

lation and should be applied to a real system with caution 

and common sense. 

1. How can an effectiveness measurement system be con- 

structed for Marine Corps Real Property Maintenance Activi- 

ties? 

An effectiveness evaluation system for Marine Corps 

Real Property Maintenance Activities can be constructed. 

The system should be based upon Mahoney and Ueitzel's Gen- 

eral Business Model, and its four primary components, pro- 

ductivity, planning, reliability, and initiation.  These 

components are compatible with current DoD directives on the 

subject of productivity enhancement. 

2. What measures of effectiveness should be extracted 

from present information systems? 

The effectiveness measurement system can   utilise 

present planning and programming documents, except in the 

case of total base contracted maintenance.  In this case, a 

set of contractor report specifications was prepared to per- 

mit the contracted maintenance process to be evaluated and 

compared to in-house forces.  The primary information 
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sources are the activities Annual WorK Programr and the data 

collected in the execution of that program. 

3. How will the measurement system identify problem 

areas or efficiency and effectiveness shortfalls? 

The proposed effectiveness measurement system identi- 

fies problem areas through the use of eight elements of the 

overall rating system.  Each element represents some aspect 

of the RPM process.  Variations in these elements are best 

determined through graphical renderings of the report 

results as compared to the baseline or steady state results. 

All elements do not directly impact upon the overall rating, 

so that analysis of the separate elements is necessary to 

identify general problem areas. 

The simulation was most sensitive to labor hour fluc- 

tuations.  This sensitivity is consistent with the weighting 

factors established by Mahoney's model and with DoD emphasis 

on labor as the primary measure of productivity. 

Recommendations 

1. Implementation of this effectiveness measurement 

system should be on a test basis for several size activi- 

ties,  A short period of instruction on the report 
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preparation process should» of course precede such a test» 

2. Research identified a relatively new facilities 

evaluation system Known as the Facilities Adequacy Scoring 

Techniques FAST) ,  This system advocates the application of a 

numerical score to each facility, for both condition and 

adequacy.  The incorporation of this process or even a part 

of it into the Mahoney model as presented in this thesis may 

well assist Marine Corps managers in evaluating haw well an 

activity has performed its maintenance mission.  Further 

research is needed in the areas of defining acceptable con- 

dition levels and in defining the term adequacy for Marine 

Corps facilities 

3. Evaluation of the RF'MAs using the proposed system 

should not be based solely on the results of the baseline 

experiment.  An acceptable range of values should be esta- 

blished through the use of the baseline experiment and the 

consistent performance of the activity over time. 
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APPENDIX A 

GLOSSARY OF TERMS 

106 



APPENDIX A 

Definitions and Abbreviations 

5'2£Ülä<l 2f ÖSiQiSQ3Q£§ '2'2ä   6'£2Sir (§lJdB* •  Enct °f fiscal 
year measurement of maintenance and repair worK remaining as 
a firm requirement of the annual plan but which lack of 
resources prohibit accomplishment in that fiscal 
year.(CMC,1930) . 

QSDilSl lüüßStiiQD. •  Continuous inspection involving the 
periodic scheduled examination or test to determine the phy- 
sical condition with respect to the maintenance standard of 
facilities, including utilities systems and installed equip- 
ment (class 2 real property),  for the purpose of identify- 
ing deficiencies in the early stages of developement.  The 
inspections generally pertain to electrical, mechanical and 
structural features.(CMC,1980) . 

Effectiveness measurement,  Comparison of current perfor- 
mance against pre-established mission objectives (goals). 
Doing the right thing at the right time.(DoD Inst.  5010.34, 
p.10), 

Effi£A£Q£2 Q!£Q§yr.£!l!§D.t i  Comparison of current performance 
against either a pre-established standard or actual perfor- 
mance of a prior period.  Efficiency measurement can be 
based upon manpower, monies, or a combination of both.(DoD 
Inst. 5010.34, p. 10). 

Facility..  A seperate, individual building, structure, or 
other item of real property improvement which is subject to 
reporting under DoD real property inventory(CMC, 1980). 

Long Range tfSia&SQSQSS Plan <LRMP).  The LRMP is a forecast 
of all worK required to maintain and repair the facilities 
of a shore activity in accordance with the established 
maintenance standards(CMC» lc80), 

Maintenance.  The recurrent day-to-day, periodicr   or 
scheduled work required to preserve or restore a facility to 
such a condition that it may be effectively utilized for its 
designated purpose.  Maintenance includes work undertaken to 
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prevent damage to a facility which otherwise would be more 
costly to restore(CMC, 1980). 

b^iQtenance Standards«  The established level at which 
facilities and grounds are maintained to assure maximum 
overall economy and protection of the Government's 
investment(CMC, 1980). 

Overhead.  Expenditures not directly chargeable to produc- 
tive work in progress.  (CMC, 1980). 

Productive Jime,  Hours expended by maintenance personnel :n 
the direct or actual performance of authorized work(CMC, 
1980). 

SSP-Qil»  The restoration of a facility to such a condition 
that it may be effectively utilized for its designated pur- 
poses by overhaul, re-processing, or replacement of consti- 
tuent parts or materials which have deteriorated by action 
of the elements or usage and which have not been corrected 
through maintenance(CMC, 1980). 

ysi£ E.19.Ü. *  All work required to meet maintenance standards 
during a specific time period, usually a fiscal year(CMC, 
1980). 

ysrÜ Ü'rSSrQi' •  Those portions of the work plan that can be 
accomplished with avaiable resources(CMC,1980). 
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EFFECTIVENESS REPORT FORMAT 
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Ersöysii^iii: 

Appendix B 

EFFECTIVENESS REPORT 

Element no. Computation 

Quarterly Program Accomplished 

Quarterly program Scheduled 

Total worK accomplished to date 

Total Annual worK Program 

Sum of Productivity Factors 

X 100 = 

X100 = 

Planning 

3. 

4. 

% Facilities inspected this quarter = 

"/.   Of Quarterly WorK Program taken from 

unprogrammed sources = 

7.  Of Quarterly WorK Program taken from 

The Long Range Maintenance Plan    = 

Sum of Planning factors 

110 



Reliability 

6> Quarterly Expenditures Made 

Qurtiy e::penditrs Scheduled 
X 100 

7. Total Expenditures to date 

Totl Pre  immed Expendtrs 
X 100 

Suni of Reliability factors 

Initiation 

Last Qtr factors 

Productivity 

Planning 

Reliability 

This Qtr factor '/.   Change 

Sum of changes 

.45 X Sum of Productivity Factor: 

.25 X Sum of Planning Factors 

.17 X Sum of Reliability Factors 

.13 X Initiation Factor 

Effectiveness rating for Qtr Fy 
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Appendix C 
Computer Programs 

The worK Control Simulation Model 

program maint 
parameter (m=25) 
integer  nun , swt, tracer seed Pni,i ,bb ,d 
real normal,K»Jobs(2,2) 
real AWP(mr6) ,dev,q,q2,q3,q4,q5,Qd(5),Qh(5) 
open < 14 »f ile-- 'paraml' ) 
rewind 14 

seed 
swt 
trace 
nlin 

read 
read 
read 
read 
do 5 
read 

(14,*) 
(14,*) 
(14,*) 
(14,*) 
i=l,2,l 
(14,*) (Jobs<i,K),k=l,2,l) 

continue 
do 111 bb=l,ll,l 
seed-seed + 167 
if(swt»eq,0)then 

call srand(seed) 
endif 
if(swt.eq.1)then 

call srand(seed) 
endif 
do 10 i=l,nlin,l 
q=nlin/5 
q2=(nlin/5)*2 
q3=(nlin/5>*3 
q4=(nlin/5)*4 
q5-(nlin/5)*5 
AWP(i,3)=normal( Jobsd ,1) ,.jobs(l ,2) ) 
AWP(i,4)=normal(Jobs(2,l> ,Jobs(2,2) ) 
if(i ,le »q)then 

AWP(i,l)=l 
elseif<i»qt»q,and»i»le»q2)then 

AWP(I,1)=2 
elseif(i »gt»q2.and.i.Ie.q3)then 

AWP(i,l)=3 
elseif(i»gt.q3.and.i.le»q4)then 

AWP(i,l)=4 
elseif(i»gt.q4»and.i.le.q5)then 

AUP(i,l)=5 
else 

endif 
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devsrand<) 
if(dev»le.»5)then 

AWP(i,5)=l 
elseif<dev.gt. .5. end.do v.It. .7)then 

AWP<i,5>=2 
elseifvdev.gt..7»and»dev.lt.l»0)then 

AWP(i,5)=3 
else 
endif 
if(dev.le. .9)then 

AUP(i,6>=l 
elseif(dev.gt..?.and»dev»lt»l)then 

AWP<i,6>=2 
AWP<i,3>=0 

else 
endif 
AWP(i,2)=i*1.0 
if(trace.eq>1) then 

print*,'Trace *1' 
print*, 'AWPC , i,' ,3) = ' ,AWP<i,3> 
print*,'AWPC',i,',4)=',AWP(i,4> 
open(13,file=/tracer') 
write(13,'(F8.5)')dev 

endif 
if (AWP(i,l) .eq.Dthen 

Qd<l)=Gda>+AWP\i,4) 
Qh(l)=Qh(l)rAUP(i,3) 

endif 
if(AWP(i,l).eq.2)then 

Qd(2)=Qd(2)+AWP(ir4) 
Qh(2)=Qh(2)fAWP(i,3) 

endif 
if<AWP(i,l).eq.3>then 

Gd<3)=Gd(3)+AWP<i,4> 
Qh<3)^Qh(3)+AWP(i,3) 

endif 
if(AUP(i,l),eq,4)then 

Qd(4)=Qd(4)+AWP(i,4> 
Qh(4)=Qh(4)+AWP(i,3) 

endif 
if(AWP(i,l).eq,5)then 

Qd<5)=Qd(5)+AIJP(i,4) 
AWP<i,3> -0 
AWP(i,6)=2 

endif 
c- 
c 
c This section corrects for roundoff errors in the 
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c 
c 

8 

6 

10 

20 

21 
111 

90 

computation of resources to be utilized. 

do 8 d=l,5,l 
Qd(d)=Qd(d)+2 
Gh<d)=Qh(d)+2 

continue 

if(trace.eq.1)then 
printer'Trace *2' 
do 6 d=l,5,l 

print*,'Qh(',d,' ) = ',Qh(d) 
print*,'Gd<',d,')=',Gd(d) 

continue 
end if 

continue 
open(12,file='saml') 
do 20 i-l,nlin,l 
write(12,'(2f5.0,2f15.0,2f3.0)')(AWP(i,K) ,K = 1,6,1) 
continue 
apen(12,file='saml') 
write(12,'(5fl5.0)')(Qd(d),d=l,5,l) 
write(12,'(5f15.0)')<Qh(d>,d=1,5,1) 
do 21 d=l,5,l 

Qd(d)=0 
Qh(d)=0 

continue 
continue 

stop 
end 
real function normal(mean,stdv) 
integer i 
real aa,mean,stdv 
aa=0.0 
do 90 i=l,8,l 

aa=aa+rand() 
continue 
normal=mean + (aa-6.0)*stdv 
return 
end 
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The WorK Accomplishment Simulation Model 

c = 
c 
c 
c 
c 
c 
c- 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

program meint 
parameter (m~25) 
integer nlin , swt, trace» totfac . seed ,mf i ,K , j . x,n ,aa , d 
real normal 7Rate(4)»dRate(4) 
real Facs,Ell<5),E12<5),E13(5),E14(5),E15(5),E16<5) 
real E17<5),E18<5>rsprodf(5),splanf(5)»srelyf(5).sinitf<5) 
real dEll<5),dE12<5),dE13(5),dE14(5),dE15<5),dE16(5) 
real dE17<5),dElS<5),dsprod<5)rdsplan<5),dsrely<5) 
real Qpachr<5»l)»Qem(5,1), Twacdh(5).Texytd(5)fhrsrm,dolrm»bcode 
real mean,stdv,AWP<m»6),resorc(2 »5)r facins(5 > .Tlup(5 r1)1e8d(3.5 > 
real tawphr»tawpdl,Qtrhrs(5.1),Qtrdol(5*1> , Tqln(5,1)rTlrmp(5,1) 
character camps<3)*25fsize<3)*8 
camps(1)='Camp Sameul Nicholas' 
camps<2)='Camp William W» Burrows' 
camps(3)='Camp Presly N. OBannon' 
size(l)='(small)' 
size(2)= '< medium)' 
size< 3) = '<large)' 

Array descriptions 

The first number in the following arrays identifies 
the fiscal year quarter within wich the information 
is representing» 

Annual WorK Plan (AWP) 
The Annual Work Plan file is constructed in the 
following manner. 

Qtr  Line Item(lin) Man hours Matl$     Origin    Repair 
Sched     Number Required  Rqd  Code Code 

The Gtr Sched column indicates the quarter that the 
particular line item was scheduled for accomplishment» 

The Line Item number is simply the sequence number 
of the items included in the plan. 

The Man hours required are the estimated hours that 
will be required to correct the listed deficiency, 

The Hat14 column is a listing of the estimated material 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c=: 

92 

91 

93 

costs required to correct the identified deficiency, 

The Origin Code column is an identification of the 
source of origin for the line item» The codes are 
listed below; 

1 = Source was the Long Range Maintenance Plan 
2 = Source was Tennant requests 
3 = Source was Unprogrammed 

The Repair Code column provides the means of 
accomplishment for the line item»  The codes are 
listed in the following table; 

1 = Local WorK Force 
2 • Repair or Service Contract 

open (10,file='basel'> 
rewind 10 
read (10,«) seed 
read (10,*) swt 
read (10,*) trace 
read (10,*) bcode 
read (10,*) totfac 
read (10,*) nlin 
read (10,*) mean 
read (10,*) stdv 
open (12,file='saml') 
rewind 12 
do 5 aa=l,11,1 

do 92 J=l,nlin,l 
read (12,*) 

continue 
do 91 i=l,2,l 

read (12,*) (resorc(i,n),n = l,5,1) 
continue 

if(trace .eq» l)then 
do 93 i=l,4,l 
print*,'Trace # 1' 
print*,'Data for Quarter *',i 
print*,'Quarterly budget is *',resorc(1,i) 
print*,'Man Hours available this qtr=',resorc(2,I> 
continue 
print*,'Number of line items --',nlin 
do 94 ,j = l,nlin,l 

print*, (AWP(.j,K> ,k = l ,6,1) 

(AUP(.j,k ) ,k = 1,6,1) 

117 



94 continue 
print*»'Trace =' ,trace 
print*,'Swt -',swt 
print*»'Totfac =',totfac 

endif 
do 40 ,j = l,nlin,l 

if (AWP(.j,l) .it. 5) then 
tawphr=tawphr + AWP(.j,3) 
tawpdl=tawpdl + AWP(.j,4) 
endif 

40   continue 
do 45 i=-l,4,l 
seed-seed + 123 
if(swt.eq.0)then 

call srand(seed) 
endif 
if(swt»eq>1.and . i.eq.Dthen 

call srand(seed) 
endif 
facins(i)»normal(mean ,stdv) 
Facs=Facs + facins(i) 
E13(i)=(Facs/totfac)*100 
if(trace .eq. 3)then 

print*,'Trace  #2' 
print*»'Quarter  = ',i 
print*,'Number of facilities inspected this Qtr= ' ,facins(i) 
print*,'Number of facilities inspected this Year= '»Foes 
print*,'Total facilities=',totfac 

endif 
45   continue 

do 
do 

50   i=1,4,1 

AWP(J,3) 
AtOP (j , 4) 

• eq . 1)then 

if (AWP(.j,l)    .eq.   i)then 
Otrhrs(i,l)=Qtrhrs(i ,1) + 
Qtrdol(i,l)=Otrdoi(i,l) + 
Tqln(i,1)=   Tqln(i,l>   +   1 

endif 
if (AWP(.j,l) .eq.i .and.   AWP(.j,5) , 

Tlrmp(i,1)=Tlrmp(i,1)   +   1 
endif 
if (AWP (.j, 1) . eq . i .and .   AWP(,j 75) .eq .3) then 

Tlup(i,l)=Tlup(i,l)   +   1 
endif 

continue 
if(trace .eq. l)then 

print*,'Trace   #   3' 
print*,'Qtrhrs<', i,',1)=',Qtrhrs(i,1) 
print*, 'QtrdoK ' ,i, ' ,!)•=' ,Qtrdol(i ,1 ) 
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print*,'Tq]ni',i,'fl)='pTqIn(i,l) 
print*,'Tlrmp(',i,',l>=',Tirmp(i,l) 
print*,'Tlup( ' , i , ' , 1 ) = ', Tlup<i , i ) 

endif 
continue 
if(trace .eq. l)then 

print*,'Trace # 4' 
print*,' tawphr=',tawphr 
print*,'tuwpdl=', tawpdl 

endif 
c- 
c 
c 
c 

WorK Selection and Accomplishment Algorithim 

J = l 

,resorc(2,i) 
,resorc(i,i > 

hrsrm=resorc(2,i) 
dolrm^resorc(1, i) 

if(trace.eq.l)then 
print*,'Trace # 5' 
p rint*, 'hrsrm=/ ,h rsrm 
print*, 'dolrni=' ,dolrm 
print*, 'Resorc (2' ,i , ' ): 

print*, 'Resorc (1' , i , ' ): 

print*, 'AWP< ' ,.j, ' ,3) = ' f AWP(.j,3) 
print*, 'AWP( ' ,.j, ' ,4) = ' ,AWP(.j,4) 

endif 
ifChrsrm .ge. AWP< ,j, 3 ) .and .dol rm. ge, AWP (.j, 4 ) ) then 

h rs rm=h rs rm-AWP (.j, 3) 
dol r m = dol rm-AWP (.j ,4 ) 
if(trace .eq »1)then 
print*,'Trace # 6' 
print*,'Quarter *',i 
print*,'h rsrm=',h rsrm 
print*,'dolrm=',dolrm 
endif 
qo to 60 

else 

endif 

if(dolrm . ge. AWP(.j ,4 ) .and . AWP(.j ,6) . y t. 1) then 
hrsrm~hrsrm-AWP (,j, 3 ) 
dol rm=dol rm-AWP (..i, 4 ) 
if(trace.eq.1)then 
print*,'Trace # 7' 
print*,'Quarter #',i 
print*,'hrsrm-',hrsrm 
print*,'dolrm-',dol nn 

go to 60 
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60 

71 

Qpac 
Qem( 
Twac 
Texy 

if(trace. 
prin 
prin 
prin 
prin 
prin 

endif 
•j=.j + l 

i f (i . g t. 5 
go to 59 

endif 
endif 

i = i + l 
x«i-l 
if(i.gt.5)go to 71 
J=.j-1 
dolrm=dolrm+resorc<l,i) 
h rsrm=hrsrm+resore (2» i ) 
Twacdh < I )=Twacdh < i >-(-Twacdh (;:) 
Texytd ( i ) =Te::ytd ( i ) +Texytd ( ;•:) 
go to 71 

h r(i 11)=C)pachr< i,1)+AUP(J,3) 
i , 1) =Qem ( i , 1) + AWP (.j, A ) 
dh(i)=Twacdh(i)+ AWP(.j,3) 
td(i)=Te>:ytd(i> + AUP(.j,4> 
eq .1)then 
t*,'Trace i 8' 
t«,'Qpachr<',i,'1) = ',Qpachr(i ,1) 
t», 'Qem( ',i,'l)^' ,Qem(i,l) 
t*»'Twacdh»',Twacdh 
t», 'Te:;ytd = ' ,Texytd 

or»J.gt.nlin)go to 75 

c== 
c 
c 
c 
c 
75 

Element and Rating  Computation Phase 

do 80 i =»1,4,1 
Ell(i)=((Qpachrd,1))/(Qtrhrs(i , 1)))*100 
E12(i)=(Twacdh<i)/tawphr)*l00 
sprodf(i)=Ell(i)+E12(i) 
E14(i)=(Tlup(i,l)/Tqln(i,1))*100 
E15(i)=(Tlrmp(i,l)/Tqln(i,l)>*100 
splanf(i)=E13(i)+E14(i)+E15(i ) 
E16(i) = (tlem(i,l)/Qtrdol(i,l) )*100 
E17(i)=(Texytd(i)/tawpdl)*100 
srelyf<i)=E16(i)+E17<i) 
x=i~l 

if(i.eq.1)then 
x=l 

endif 
e8d( 
e8d( 
e8d( 
E18( 

1 r i )=sprodf ( i )-sprodf (;•:) 
2,i )=splanf (i)-splanf (x) 
3r i )=sroiyf( i ) -srelyf (;:) 
i)=e8d(1,i)+e8d(2,i)+e8d(3,i ) 
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—— mm 

80 

sinitf<i)=E18Ci) 
Rote<i>»(.45>*sprodfCi>+<.25>»splanf(i) + (•17)»sreiyf<i>+ 

< .13)*sinitf<i) 
continue 
if(trace»eq,1)then 

do 70 k=l,4,1 
print*,'Trace # 9' 

'hrsrm=', hrsrm 
' dol rm=' , dol rm 
'Quarter *',k 
'Qpachr<',K,',1) = ',Qpachr<K,1) 
'Gem<'rKi',1)=',Qem<k,l> 

print* 
p r i n t * 
print* 
print* 
print* 
print* 
print* 
p rint* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
print* 
p rint* 
print* 

70 

'E11CK,' 
'E12C ,k,' 
'E13C ,k,' 
'E14<',k,' 
'E15< ' ,k,' 
'E16C ,k,' 
'E17(',K»' 
'E1S(' ,K,' 

=',Ell<k) 
= ' ,E12(k) 
= ',E13(k) 
= ' ,E14(k) 
= ' ,E15<K> 
= ' ,E16(k) 
= ' ,E17(K ) 
=',E18(k) 

'e8d(l,',k,')=',e8d(l,k ) 
'e3d(2,' ,k, '> = ',e3d(2,k) 
'e8d(3r',K,')=',e3d(3,k) 
'sprodf( ' ,k, ' 
'splanf< •' ,k r ' 
'sreiyf(',k,' 
'sinitf<',k,' 
'Twacdh<', k,' 
'Texytd*',K,' 
e 

=',sprodf(K) 
= ' ,splanfCK ) 
= ',sreiyf(k > 
= ',sinitf(k ) 
= ' ,TwacdhCk ) 
-'rTexytd(K) 

continu 
endif 
do 72 d«i,4»l 

dEll<d>=dEll(d)+Ell<d> 
dE12(d)=dE12<d)fE12(d) 
dE13<d)=dE13(d)+E13<d> 
dE14<d)=dE14(d)+E14<d> 
dE15(d)=dE15(dME15<d) 
dE16(d)=dE16<d)fE16Cd) 
dE17<d)=dE17(d)+E17<d) 
dE18(d)=dE18(d)+E18(d) 
dsprod(d)=dsprod(d)+sprodf<d) 
dsplan(d>=dsplan(d>fsplanf(d) 
dsrely <d )=dsrely (d Msrelyf (d > 
dRate (cl) =dRate (d ) +Rate ( d ) 

if(trace.eq,1)then 
print*,'Trace * 10' 
print*,'dEll(',d,')=',dEll(d) 
print*,'dE12<',d,' > = ',dEl2(d) 
print*,/dE13<',d,')=',dE13<d) 
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72 
endi 
cont 
Foes 
tawp 
tawp 
do 7 

7>\ 
5 

cont 
cont 
do 7 

73 
c== 
c 
c 
c 
c 

cont 

print* r 
print*, 
print*, 
print*, 
print*, 
print*, 
print*, 
print*, 
print*, 

f 
inue 
=o 
hr=0 
dl=0 
A d-1,5, 
Qtrhrs( 
QtrdoK 
Tqln(d, 
Tlrmp(d 
Tlup<d, 
TwQCdh< 
Te>:ytd( 
Q(?in(d , 1 

Qpachr( 
inue 
inue 
3 d*l,4, 
dEll(d) 
dE12(d) 
dEI3(d) 
dE14<d> 
dE15(d) 
dE16<d) 
dE17(d) 
dEJ.8(d) 
dsp rod ( 
dsnIan < 
d5rely( 
dRate(d 
inue 

'dE14<',d,' 
'dEl5<',d,' 
'dE16<',d,' 
'dE17< ',cl,' 
'dE18<',d,' 
'dsprod(',d 
' d s p 1 a n ( ' ,d 
'dsrelyC',d 
'dRate<',d, 

»'fdE14(d) 
• J ,dE15(d) 
•' ,dE16<d) 
= ' ,dE17(d> 
=',dE18<d) 
' ) = ' ,dsprod(d) 
')=',dsplan<d) 
' ) = ',dsreiy(d> 
> = ',dftate<d) 

1 
d,l)=0 
d,l)=0 
1)=0 
,1)=0 
1)=0 
d)=0 
d)=0 
)=0 
d,l)=0 

=dEll<d)/ll 
=dE12(d)/ll 
=dE13(d)/ll 
=dE14(d)/ll 
=dE15(d)/ll 
=dE16<d)/ll 
=dE17<d)/ll 
= dE.18(d)/ll 
d)~dsprod<d)/ll 
d}~dsplan(d)/ll 
d)~dsrely<d)/ll 
)=dRate(d)/ll 

Formatted Report Output 

print 8 
print 9 ,camps(bcode) 
print 10,size(bcode> 
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8 
9 
10 
11 
12 
13 

15 
16 
17 
18 
20 
21 
22 
23 
24 
25 
26 
28 
29 
30 
31 
32 
34 
35 

print 11 
print 13 
print 12 
print 15r<t)Ell< I) ,i = lr4,l) 
print 16,<dE12(l),i=l,4,l) 
print 17,(dop rod(i),i = l,4,1) 
print 18 
print 20, (dE13(i),i = l,4,1) 
print 21,(dE14<i),i=l,4,l) 
print 22,(dE15(i),i=l,4,l) 
print 23,<dspian(i),i=l,4,1) 
print 24 
print 25, (dE16(i),i=l,4»l) 
print 26v(dE17(i),i=l,4,l) 
print 28,(dsrely(i)ri=l,4,1) 
print 29 
print 30, <dE.L8< i > , i = l, 4 ,1 > 
print 31, <dE18(l),i = l,4,1) 
print 32 
print 34,(Rate<i),i = l,4 ,1) 
print 35 
formate/,65e'*')) 
format (/,19>:,a25> 
format(25K,08) 
f ormat (/, 15;:, "Effectiveness Report No. 6") 
format«/, 20;:, "Productivity Factors" ) 
formate/, "Element" ,3:;, "First Cltr ", 4« , "Second Qtr " , 2x, " Th I rd Qtr 
+ 5:;, "Fourth Qtr") 
format( / , 1>:, " 1" , 8:: »f6.2» 7x, f 6 . 2, 7x , f 6 . 2, 7>;, f 6 .2) 
format «1;:, " 2" , 8« , f 6 .2,7::, f 6 ,2 , 7::, f 6 . 2 , 7>:, f 6 .2) 
format ( * Sum" , 12« , f 6 .2, 7x, f 6 , 2, 7;;, f 6 . 2 , 7::, f 6 . 2) 
format</»20x»"Planning Factors") 
format ( / , 1 :•:, " 3" , 8;;, f 6 .2, 7>:, f 6 . 2 , 7x , f 6 . 2 , 7x , f 6.2) 
f o rmat < 1«, ' 4 ", 8x, f 6.2, 7K , f 6.2»7>:, f 6.2 P 7x, f 6 ,2) 
format (1::, " 5 ' , 8::, f 6 . 2, 7* , f 6 .2 , 7:;, f 6 . 2, 7>:, f 6 . 2) 
f ormat ( " Sum" ,12:-:,f 6.2, 7>:, f 6 .2 , 7:-:, f 6 , 2 ,7x , f 6 ,2 ) 
formate/,20;:, "Reliability Factors" ) 
format e / , 1;:, " 6" , 8K , f 6 .2, 7x, f 6 .2, 7x »f 6.2,7;: ,f 6 »2) 
format e 1;:, " 7 " , 8;:, f 6.2,7;:, f 6 . 2, 7x, f 6 . 2, 7x, f 6 . 2 ) 
format e " Sum" , 12;:, f 6.2 , 7x, f 6 .2 ,7x , f 6 • 2 ,7;:, f 6 , 2) 
formate /,20;:, " Ini tiation Factors" ) 
formate/, 1;:, "8*,fl5,2,l;:,fl5.2,l;:,fl5.2,l;:,fl5.2) 
formate"Sum",fl5.2,fi5.2,fl5.2,fl5.2) 
formate//) 
formate "Rating" ,6;:, f 6 . 2, 7;:, f6. 2, 7;;, f 6 , 2, 7;:, Pä.2) 
format«/,65e'*')) 
open e17 , fi1©='reportl') 
write«17,'ef6.2)')(dEll(d)»d~l,4f1) 
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90 

open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
open 
write 
stop 
end 
real func 
integer i 
real aa,m 
aa=0.0 
do 90 i=l 

aa=a 
continue 
normal=me 
return 
end 

17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 
17, 

file 
' (f6 
file 
' <f6 
file 
' <f& 
file 
' (f6 
file 
' <f6 
file 
' (f6 
file 
' <f6 
file 
' <f6 
file 
' <fo 
file 
'(f6 
file 
' (f6 
file 
'(f6 

= ' rep 
.2) ' ) 
• ' rep 
.2) ' ) 
•=' rep 
.2)') 
= ' rep 
.2)') 
= ' rep 
.2) ' ) 
= ' rep 
.2)') 
= ' rep 
.2) ') 
= ' rep 
.2) ') 
• ' rep 
.2)') 
= ' rep 
.2)') 
= ' rep 
.2)') 
=' rep 
.2)' ) 

ort2') 
(dE12(d) 
ort3') 
(dsp rod( 
ort4') 
<dE13(d) 
art5') 
(dE14Cd) 
ort6') 
<dE15(d) 
ort7') 
(dspIan( 
ortB') 
<dE16(d) 
ort9') 
<dE17(d) 
ortlO') 
(dsrely( 
ortll ' ) 
(dE18(d) 
ortl2') 
(dE18(d) 
ortl3') 
(dRate(d 

,d = l ,4,1) 

d),d=l,4,l) 

,d = 1,4,1 ) 

,d=l,4,l) 

,d=l,4,l) 

d) ,d = 1,4,1 ) 

,d=l,4,l) 

,d=l,4,l) 

d) ,d = l,4,1) 

,d=l,4,l) 

,d=l,4,l) 

>,d=1,4,1) 

tion normal<mean,stdv) 

ean, stdv 

,4,1 
Q+rand() 

an T <aa-6,0)*stdv 
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APPENDIX D 

PROPOSED SPECIFICATIONS 
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Appendix D 

ÜTSBCJS^d §Eg£ifi£3Ü2ÜS 

WORK SCHEDULEv  Monthly and yearly work schedules shall be 
provided to OIC for approval within 10 days after contract 
award for continuing work such as Janitorial Services, 
Grounds Maintenance Services, Pest Control Services, PM 
Inspection Services and Annual Inspection Services.  These 
services shall be provided by the contractor in accordance 
with the approved schedule and require no further authorisa- 
tion by the OIC, 

WORKLOAD PROGRAM.  The contractor 
monthly workload p rogram by the 
the following 60 days. This plan 
items of work scheduled for accom 
two months.  It will include all 
an estimated time for completion 
requirements generated as a resu'l 
annual inspection effort shall al 
separately.  Work listed on the w 
completed within 60 days after it 
by inspection or by occupant.  It 
must include a manhour estimate f 
as a start and completion date, 
plished utilizing a work authoriz 
zations will be utilized for each 
for commo.i items of work.  Work c 
ity or building.  For example, on 
utilized for common sidewalk repa 
terns in a building or screen repl 
units or buildings. 

will sub mit to the OIC a 
25th day of each month for 
will list by priority ail 
plish merit during the next 
routine service calls with 
exceeding four hours.  Work 
t of the contractor's 
so includ ed and listed 
orkload p rogram must by 
has been identified either 

ems on th e workload program 
or accomp lishment, as well 
All work will be accom- 
ation for m.  Work authori- 
fac ility individually or 

an be agg reqated by facil- 
e work au thorization can be 
irs, HVAC distribution sys- 
acement in a number of 

ANNUAL INSPECTIONS.  All grounds, sidewalks, fences, 
drainage systems and other related facilities and real pro- 
perty not covered in any of the inspections described in 
previous paragraphs, shall be inspected once each year. 
Appendix A is provided as a suggested format for recording 
all the deficiencies identified during the inspection.  The 
deficiencies identified as a result of this inspection, 
which do not constitute a major repair as defined herein, 
shall be scheduled for correction in accordance with the 
provisions of the workload program.  The contractor shall 
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provide on annual facilities inspection 
val by the OIC within 10 days after con 
schedule shall reflect a minimum of 25% 
being inspected in each of the first fo 
for completion of all annual inspection 
after contract award. A copy of each 1 
shall be submitted to the OIC within th 
date of inspection. The original shall 
facility history file. Real property m 
tnents identified by the contractor or t 
first six months of the contract period 
sibility of the contractor and are to b 
through normal worK control procedures 

schedule for 
tract award. 
of facilities 

UP months and 
s within four 
nspection repo 
ree working da 
be retained 1 

aintenance req 
he occupant af 
are also the 

e accomplished 
or as a servic 

app ro- 
The 
assets 

p rovide 
months 
rt 
ys of 
n the 
ui re- 
ter the 
respon- 

e call. 

PREVENTIVE MAINTENANCE INSPECTIONS. Within 10 d 
the contract award date» the contractor shall pr 
OIC a written one-year schedule» by month» for p 
preventive maintenance inspections. These inspe 
include cleaning, adjusting,lubricating and maKi 
tions to the heating, ventilation and air condit 
equipment of each facility on a periodic basis, 
tioning preventive maintenance inspections shall 
formed once on each facility during the period! 
period)!. Heating preventive maintenance inspec 
be performed once on each unit during the period 
(specify period)!. Preventive maintenance inspe 
maintenance shall be performed in accordance wit 
dards established in HVAC standards paragraph, t 
dards paragraph and an inspection report shall b 
for each unit inspected. A copy of these inspec 
shall be submitted to the OIC within three worKi 
after the inspection has been completed. 

ays after 
ovide the 
erforming 
ctions 
ng correc- 
ionmg 
Air condi- 
be per- 
(spec ify 
tions shall 
of ! 

ctions and 
h the stan- 
he PM stun- 
e completed 
tion reports 
ng days 

FACILITY HISTORY FILES.  A facility history 
facility identified by address shall be main 
contractor.  Each file shall contain a copy 
inspection report and preventive maintenance 
reports.  A copy of all work authorisations 
completed shall be included in the file alon 
Government-owned equipment.  The contractor 
tain all warranty information and furnishing 
complete with serial numbers in this file, 
shall require access to these files and they 
able for periodic review by the Government . 
shall be filed within 10 days of completed t 
finally turned over the Government upon comp 

file for each 
tamed by the 
of the annual 
inspec*ion 

in p r< qress or 
g with a list of 
shall also mam- 
inventories 

The Governmen t 
shall be avail- 
Al 1 documenIs 

ransaction and 
Jet ion of the 
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contract. 

COST ACCOUNTING SYSTEM/ REPORTING REQUIREMENTS.  The con- 
tractor shall maintain and provide cost accounting informa- 
tion using an organized .job ordering system with sufficient 
detail to comply with the specific requirements detailed in 
the section titled 'Contractor's Maintenance Cost Report". 
The contractor will furnish the contract manager this report 
monthly which will enable the activity to provide necessary 
cost reports to higher authority and allow the monitoring of 
expenditures by the Maintenance Officer. 

HEATING 
The wor 
conditi 
conditi 
the sain 
structi 
adequat 
provide 
manner, 
specifi 
appendi 

VENT 
K inc 
oning 
on . 
e typ 
on . 
e   sup 
the 

He>2 
catio 

ILATION AND AIR CONDITIONING (HVAC) STANDARDS, 
ludes inspecting and maintaining heating, air 
and ventilating systems in good safe operating 

All materials and equipment furnished shall be 
e, grade, quality and size as the original con- 
The contractor shall furnish and maintain an 
ply of air conditioning/ heating spare parts to 
level of maintenance specified in a timely 
ting and air conditioning units covered by these 
ns are listed in Appendix! enter unit listing 

PERIODIC PREVENT I 
form maintenance 
program on the Hv" 
appropriate Appen 
by the contractor 
operate at their 
expectancy, free 
tinned safe opera 
clean and in prop 
ices shall be pro 
tion". Appendix C 
well as a prevent 
terns. 

VE MAINTENANCE. The con 
inspections, scheduled 1 
AC systems listed in App 
dix !.  These systems sh 
to standards that will 

design capacity for thei 
from defects that could 
tion.  Fan5,coils and bu 
er adjustment.  Controls 
perly adjusted and in go 
provides a check list f 

ive maintenance report f 

tractor shall per- 
n the work load 
end ix !1 ist 
all be maintained 
insure the systems 
r design life 
effect their con- 
rners shall be in 
and control dev- 

od operating condi- 
or PM inspection as 
ormat for HVAC sys- 
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SPECIFICATION ANALYSIS 

WorK Schedules- This schedule demonstrates the contractors 

execution plan for the continuing worK such as .janitorial» 

and grounds maintenance»  The level of detail in this report 

and its completeness provide a measure of the contractor's 

ability to productively plan his worK.  His nbiiity to Keep 

to this schedule provides a measure of the contractors reli- 

ability, and supervisory control over his worK force. 

WorK Programs-  Both annual and monthly worK load program 

reports will be submitted to enable the Maintenance Officer 

to identify areas or trades that require more emphasis as 

well as providing a data base to project the end BMAR 

report» 

Annual Inspection Reports- These reports will provide a 

basis for ail programmed worK.  The Maintenance Officer will 

be able to review these documents and prepare long range 

plans.  The actual preparation of these plans should be done 

by maintenance staff personnel as there are governmental 

decisions that must be made.  These long range plans if 

based on 100% inspection should provide valuable budgeting 

information for future years.  As well as developing project 

12? 
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programs, for the next fiscal year. 

Preventive Maintenance Inspection Reports -  These reports 

provide the Maintenance officer with an indicator of what 

the current condition of the facility or equipment.  Addi- 

tionally the reports set a standard for the contractor to 

follow.  The inspection reports should use the specified 

format and be conducted in accordance with the HvViC and PM 

standards specifications.  The quality of these reports 

reflects the level of planning ability of the contractor. 

Cost Accounting Reports -  These reports will permit the 

aggregation of maintenance money expenditures in to the 

Marine Corps Cost Accounting System,  The accounting system 

will then be used to generate budget submissions as well as 

required reports to higher headquarters. 

Facility History files- These files are to be maintained by 

the contractor on each facility.  The files contain all 

documentation for the condition of, and worK applied to the 

facility.  E<y requiring this file to be maintained the 

maintenance manager can get a Feel for the reliability of 

the contractors work. 

As these reports, or information contained in those 

130 



reports» is currently being used in the Maintenance process» 

this should not be a new requirement for staff personnel. 
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Inspection Report Format 

K*************************************************************** 
ANNUAL INSPECTION REPORT 

DETAILED DEFICIENCY LISTING 
********************************************* 

Facility no. 

Inspector   
yAf iAf <J/ \i/ \jj iL, \1/ \±s \±/ >JL* \1/ ii" *JL" >V U/ \J/ U/ *Jf \1/ 'X' \i/ •A' \1» \J*\V a.  «A- •-L> MS sk ^ U.' \i/ \V '•V \L' >J^ -J' v.'.'   V '1/ v'^ vV \l/ \t" «.'/ >V vV '«  \1/ X' sV \l/  •!/ \U ~-X/ ••'/ v\f \U ^V \i/ \i/  A- 'A* 
J^ J^. Jft JH Jt\ -3ft J(X >ft J^ -^. ^t ^ JPi >|\ Jf* Jf^ JJC .^ Jf* J^. Jft JfV J^ >^ ^fC Jft ift ^. Jft ?f^. J^ J^ JJt ?ft ?Jt Jp. 7^ ^ ^ -T^ J*^ ?f^ ^ '!>• Jr^ ^ ^ 'O -T^ ^ ^ ^ T^- ^ -^ *|^ ^ *T^ -1^ ^ff- *|v JT^ Jft A^ 

C:        ESTIMATED COST 
DESCRIPTION OF DEFICIENCY 

REQUIRING CORRECTION 
R: LABOR 
A:   : 
F: HrstCost 
T:   : 

mat'l 
or   ITotal 

Const ICost 
Cost  : 
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CONTRACTOR'S MAINTENANCE: COST REPORT 

INSTRUCTIONS 

1.  The contractor will provide a monthly cost report to the 

service contracting office not later than the fifth (5th) 

worKing day of the month following the period reported.  The 

report will be in the format described in attachment i to 

this Append ix> 

2»  The grand total of expenditures reported on all cost 

reports mast equal the total of the contractor's invoice for 

the same time period. 

3.  Descriptions of the individual line items together with 

an explanation of the worK units arc   contained in attachment 

2 to this Appendix, 
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CONTRACTOR'S MAINTENANCE COST REPORT 

FOR THE MON OF 19 

COST 
CODE DESCRIPTION LABOR MATLS TOTAL 

71J0 Repairs to community 
Support Facilities 

TOTAL OPERATIONS 

$ $ * 
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HEATING AND AIR CONDITIONING 

PREVENTIVE MAINTENANCE FORMAT 

Note to Specification Writer?  Modify this list as 

necessary to specify the equipment to recieve PM 

inspection • 

****************************************** 

Facility t Date 

Heating A/C. Craftsman I 

1. Lubrication t 

Fan Shaft  Yes  

Fan Motor  Yes  

Condenser 

Fan Motor  Yes 

No   Sealed Bearings 

No   Sealed Bearings. 

No   Sealed Bearings 

2. Electrical Loads? (Record after 30 minutes of operation). 

Air handling units motor   

Condensor fan motor 

Compressor motor 

Running volts at compressor 

3. Air Filters.' 

-Amps 

.Amps 

.Amps 

.Amps 

13! 



1 •"•'   

Changes   Yes   No 

Cleaned Yes       No 

4. Belts: 

In good condition 

with no vibrations  Yes       No 

Belt tension can 

be depress about 

5. Areas Cleaned: 

inches. 

Air handling room Yes. 

Air handling unit Yes_ 

Compressor condensor 

unit and frame Yes. 

Condensate drip 

pipe flushed out Yes. 

Condensate drip pan Yes. 

Condensor coil      Yes 

No. 

No. 

No. 

No. 

No. 

No 

EVAPORATE coil differential pressure reading inches. 

6. Insulation: 

Is direct vapor barrier and insulations in good condition 
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w/no torn or wet spots? Yes No . 

Duct Air LeoKs Yes     No. 

Dust vapor barrier 

satisfactory        Yes     No  

7. Electrical   wiring: 

Insulation good?    Yes     No  

Does any wiring need 

repairing? Yes     No  

8. Temperature Controlst 

Operating Satisfactorily Yes      No. 

9. Refrigerent Data! as appropriate. 

10. Gas FurnancesJ  as appropriate. 

11. Oil Furnancet as appropriate. 

12. Dampers registers; as appropriate. 

13. SmoKe detectors: (If applicable). 
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APPENDIX E 

SAMPLE SIZE DETERMINATION 
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APPENDIX E 

Sample Size Determination 

In this situation neither the feasible range of the 

output nor the values for the standard deviation are Known 

with any certainty.  The objective of this study is to 

obtain a 90% probability that the true values for the report 

elements are within one-half standard deviation of the of 

the sample mean values.  The sample size required (assuming 

a normal didtribution) to meet this objective is given in 

the calculation below. 

Sample Size 

(1.65 >: (7 >**2 

( C7/2)**2 

(1.65**2 >x (2**2):: (J **2 

(J **2 

10.8? say 11 

CShannon, 1975, p. 1(383 
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A sample size of 11 will be used for these experiments.  The 

value for 2 for l-( Of/2) is 1,65. 
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APPENDIX F 

BASELINE EXPERIMENT FIGURES 
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Appendix F 
Baseline Experiment Figures 

*********************************************** ******* *********** 

Camp Samuel Nicholas 
(small) 

Effectiveness Report No. 6 

First Qtr   Second Qtr Third Qtr 

Productivity Factors 

Element 

1 
2 

Sum 

Fourth Qtr 

100.00      100.00      100.00 
24.63      50.78      75.99 

124.43      150.78      175.99 

Planning Factors 

100.00 
100.00 

200.00 

3 
4 

22.42 
9.09 

47.05 
9.09 

70.40 
9.09 

93.30 
12.73 

5 
Sura 

74.55 
106.05 

74.55 
130,69 

80.00 
159.49 

72.73 
178.76 

6 
7 

Sum 

Reliability Factors 

100.00      100.00      100.00 
24.96      50.28      74.99 

124.96      150.28      174.99 

Initiation Factors 

100.00 
100.00 

200.00 

8 .00 76.10 78.72 68.29 
Sum .00 76.10 78.72 68.29 

Rating     104.01      138.99     155.71     186.62 

. »- J^ ^ .L. ^ ^ . j, , y -j.    L. s L ^ ^   -L. -l- ^ < w -A- •& -M  ^  iX" 'Ar -X' 'X' vA- ^ 'A  iü   A/ skJ Sir -A/ *A- 'A/  i- \A- --A- A' •A' NA* •*; -^ \L  <±' \k' \fr  \L- -X- \b  -X   * ^i   ^ •!   \i  4' '1   i  V   *   'i   1   I   1 
^t .^ ^ + ^l ql fl pH jQt iH ^ ^^^^^i^^^^^^ -x ^ ^ ^ * ^ ^ ^ ^ ^ * ^ *^ ^^^»^^L^^^*^^^^^^^^^^^^^^^^^^ ^ T* T 'p 
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The following graphs represent the baseline activity in an ideal 
operating state. 
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Productivity Element Elenent 3 
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Planning Element Element 6 
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Element 7 Reliability Element 
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Element 8 Initiation Element 
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****'*****.****#:************ *********** **M*********************** f 

Camp William U. Burrows 
(medium) 

Element 

Sum 

Effectiveness Report No. 6 

First Qtr   Second Qtr Third Qtr 

Productivity Factors 

100.00      100.00      100.00 
25.65      50.00      75.20 

125.65      150.00      175.20 

Planning Factors 

Fourth Qtr 

100.00 
100.00 

200.00 

3 24.75 49.69 74.81 100.12 
4 7.79 12.01 9.09 10.88 
5 77.76 73.70 75.16 76.62 

Sum 110.31 135.41 159.07 187.62 

Reliability Factors 

6 100.00 100,00 100.00 100.00 
7 25.16 50.06 75.02 100.00 

Sum 125.16 150.06 175.02 2 00.00 

8 
Sum 

Initiation Factors 

.00 74.36 73.81 
.00 74.36 73.81 

78.34 
78.34 

Rating     106.94      134.27      159.51      181.67 
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Productivity Element Element 3 
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Element 5 
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Planning Element El einen t 6 
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Element 7 Reliability Element 
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Element 8 Initiation Element 
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The following  information  represents  the  results of  the 
baseline experiment for the  largest base. 

-x ^ ^44^^^^^ ^ 4 4 yk ''h' 'i' ^ i' ^ -A* Wr -* '^ hX' W "^y ^ '^ 'i ^" LA 'V ^V '^ ^t ^" *i' ^V ^ ^ *V ^ '4n ^V ^t ^ ^ ^4'4 't i ^ '^ ^ ^ 't' '*'•*' 'i1 "^' '^ i' * ^ 
T ^ ^ ^ ^ ^ ^ j^ ^ ^ * ^ ^ ^ ^ ^ ^ ^ ^ fl" * V1 fl* ^ ^* T* * ^ * * * ff T * ^ ^p ^ *^ * *T ^ ^ *^ ^ ^ ^ * * * * * ^ ^ * * * * *r * * *P ^ * ^ 

Conip Presly N. OBannon 
(large) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 99.91 99.94 99.97 100.01 
0 24.81 49.71 74,84 99.96 
urn 124.73 149.66 174.81 199.97 

Planning Factors 

3 23.97 47.99 71.95 95.91 
4 9.97 10.19 10,32 10.57 
5 74.33 74.59 74.90 75.21 
um 108.27 132.78 157.18 181.69 

Reliability Factors 

6 99.89 99.98 99.94 100.07 
7 24.97 49.97 74.92 99.97 

Sum 124.86 149.95 174.85 200.04 

Initiation Factors 

8 .00 74.53 74.46 74.85 
Sum .00 74.53 74.46 74.85 

Rating     104.60      134.75      157.59      179.23 

*************************************,********** K**»**tnuw**ti 
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Element 7 Reliability Element 
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Element 8 Initiation Element 
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MAN-HOUR AVAILABILITY EXPERIMENT FIGURES 
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APPENDIX G 
Man-Hour Availability Experiment Results 

Camp Samuel Nicholas 
(small) 

Effectiveness Report No. 6 

First Qtr   Second Qtr Third Qtr 

Productivity Factors 

Element 

1 
n 

Sum 

3 
4 
5 

Sum 

6 
7 

Sum 

8 
Sum 

100,00      100.00      117.85 
24.63      50.78      80.35 

124.63      150.78      198.20 

Planning Factors 

Fourth Qtr 

82.46 
100.00 

182.46 

22.42 47.05 70.40 93.30 
9.09 9.09 9.09 12.73 
74.55 74.55 80.00 72.73 

106.05 130.69 159.49 178.76 

Reliability Factors 

100.00      100.00      117.58 
24.96      50.28      79.34 

124.96      150.28      196.92 

Initiation Factors 

102.52 
104.99 

207.51 

.00 
.00 

76.10 
76.10 

122.86 
122.86 

14.i: 
14.12 

Rating     104.01     138.99     180.22     171.07 
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The following graphs represent the Man-Hour availability Experiment 
results for the smallest base. 
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The following information represents the results of the Man-hour 
availability experiments for the medium sire base. 

***************************************************************** 

Camp William W. Burrows 
(medium) 

Effectiveness Report No. 6 

First Otr   Second Qtr Third Qtr 

Productivity Factors 

Element 

1 
2 

Sum 

3 
A 
5 

Sum 

100.18 
25.66 

99.95     110.53 
50.01      77.87 

Fourth Qtr 

89.18 
100.00 

125. • 85 149.97      188, ,40 189.18 

Planning Factors 

34.75 69.69     104.81 140.12 
7.81 12.01       9.09 10.88 

77.72 73.70      75.16 76.62 
120, ,28 155.41      189, ,07 227.62 

Reliability Factors 

6 100.19 100.03 109.96 100.44 
7 25.17 50.09 77.54 102.65 

Sun 125.36 150.12 187.50 203.08 

Initiation Factors 

8 .00 84.01 109.47 54.91 
Sum .00 84.01 109.47 54.91 

Rating     109.44     140.57     177.55     186.23 

***************************************************************** 
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Element 2 Experiment 2 
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This information represents the results of the manhour availability 
experiment for the largest base. 

*********** ****** ********* ****** ****** ****** ********************* 

Camp Presly N. OBannon 
(large) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 99.88 99.95 100.06 100.11 
2 24.81 49,71 74.86 100.00 

Sum 124.69 149.66 174.92 200.11 

Planning Factors 

3 23.97 47.99 71.95 95.91 
4 9.97 10.19 10.32 10.57 
5 74.33 74.59 74.90 75.21 

Sun 108.27 132.78 157.18 181.69 

Reliability Factors 

6 99.86 100.00 99,99 110.03 
7 24.97 49.97 74.92 102.47 

Sura 124.33 149.96 174.91 212.50 

Initiation Factors 

8 .00 74.61 74.60 87.29 
Sum .00 74.61 74.60 87.29 

Rating     104,60      134.75      157.59      183.24 
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Appendix H 
Funding Availability Experiment Figures 

******************** ********************************************* 

Camp Samuel Nicholas 
(small) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 
2 
124.63 

100.00 100.00 100.00 100.00 
24.63 50.78 75.99 100.00 Sum 

150.78 175.99 200.00 

Planning Factors 

3 22.42 47.05 70.40 93.30 
4 9.09 9.09 9.09 12.73 
5 74.55 74.55 80.00 72.73 Sum 
106.05 130.69 159.49 178.76 

Reliability Factors 

6       100.00 100.00      100.00      159.77 
7       24.96 50.28       74.99      114.94 Sum 

124.96      150.28 174.99      274.71 

Initiation Factors 

8          .00 76.10         78.72 
143.00 Sum .00        76.10        78.72 
143.00 

Rating     104.01      138.99     155.71     209.53 

«*««**y*****«*****y***«««**********«]|(***********************]|(**)|(* 
The following graphs represent the results of the Funding availability 
experiment for the smallest base. 
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The following information represents the results of the Funding 
availability experiment for the medium size base. 

*************************************** *********4**************** 

Camp William W. Burrows 
(medium) 

Effectiveness Report No, 6 

First Qtr   Second Qtr Third Qtr 

Productivity Factors 

Element 

1 
9 

Sum 

3 
4 
5 

Sum 

8 
Sum 

100.18 
25.66 

99.95 
50.01 

149.97 125.85 

Planning Factors 

24.75 
7.81 

77.72 
110.28 

49.69 
12.01 
73.70 

135.41 

100.03 
75.23 

175.26 

74.81 
9.09 

75.16 
159.07 

Fourth Qtr 

99.83 
100.00 

199.83 

100.12 
10.88 
76.62 

187.62 

6 100.19 100.03 °9.98 150.95 
7 25.17 50.09 75.05 112.77 

Sum 125.36 150.12 175.03 263.72 

.00 
.00 

Reliability Factors 

100.03 °< 
50.09 7! 

!6 150.12 

Initiation Factors 

74.01 
74.01 

73.86 
73.86 

141.81 
141.81 

Rating     106.94     134.27     159.51     201.07 
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Camp Presly N. OBannon 
(large) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr 

Productivity Factors 

1 

Sam 

3 
4 
5 

Sam 

Fourth Qtr 

99.88 
24.81 

124.69 

99.95 
49.71 

149.66 

99.98 
74.84 

174.82 

Planning Factors 

23.97 
9.97 

74.33 
108.27 

47.99 
10.19 
74.59 

132.78 

71.95 
10.32 
74.90 

157.18 

100.09 
99.98 

200.07 

95.91 
10,57 
75.21 

181.69 

6 
7 

Sum 

8 
Sam 

Reliability Factors 

99.86 
24.97 

124.33 

100.00 
49.97 

149.96 

99.92 
74,91 

174.83 

.00 
.00 

Initiation Factors 

74.61 
74.61 

131.80 
107.92 

239.72 

74.42 
74.42 

114.65 
114.65 

Rating     104.60      134,75      157.59      179.23 

***************************************************************** 
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Appendix I 
Programming Experiment Figures 

*******X********,***X*****X**X******** ******* ******* ************** 

Comp Somue] Nicholas 
(small) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 
2 

Sum 

100.00 100.00 100.00 100.00 
24.63 50.78 75.99 100.00 

124.63 150.78 175.99 200.00 

Planning Factors 

3 
4 
5 

Sum 

6 
7 

Sum 

22.42       47.05 70.40 93.30 
27.27      27.27 27.27 34.55 
52.73       56.36 52.73 50.91 

102.42      130.69 150.40 178.76 

Reliability Factors 

100.00     100.00 100.00 100.00 
24.96       50.28 74.99 100.00 

124.96      150.28 174.99 200.00 

Initiation Factors 

8 .00 79.74 69.63 77.38 
Sum .00 79.74 69.63 77.38 

Rating      99.01      149.19      160.71      176.42 

*.**************************************************************** 
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The following information represents the results of the 
programming experiment for the medium size base. 

Camp William W. Burrows 
(medium) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 100.00      100.00     100.00     100.00 
2 25.65      50,00      75.20     100.00 

Sum 125 65 

PI 

150.00 

anning Factors 

175.20 200.00 

24.75 49.69 74.81 100.12 
17.86 21.27 19.81 19.64 
53.41 47.56 50.00 48.86 

96 02 118.52 144.62 168.62 

3 
4 
5 

Sum 

Reliability Factors 

6 100.00      100.00      100.00      100.00 
7 25.16       50.06      75.02      100.00 

Sum 125.16      150.06      175.02      200.00 

Initiation Factors 

8 .00 71.76 76.24 73.79 
Sum .00 71.76 76.24 73.79 

Rating     101.13      131.18      155.49      180.37 
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The following  information  represents the  results of  the 
programming  experiment at the largest base. 

***************************************************************** 

Camp Presly N. OBannon 
(large) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 
2 

Sum 

99.88 99.95 99.98 100.02 
24.81 49,71 74.84 99.96 

124.69 149.66 174.82 199.98 

Planning Factors 

3 23.97 47.99 71.95 95.91 
4 30.78 30.50 29.66 29.48 
5 49.30 50.15 50.34 49.82 

Sum 104.05 128.64 151.95 175.21 

Reliability Factors 

6 99.86 100.00 99.92 100.10 
7 24.97 49.97 74.91 99.97 

Sum 124.83 149.96 174.83 200.07 

Initiation Factors 

8 .00 74.69 73.33 73.67 
Sum .00 74.69 73.33 73.67 

Rating     104.06      135.30      156.21      177.57 

******************** ********************************************* 
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APPENDIX J 

Level of Inspection Experiment Results 

The following information represents the results of the Level 
of Inspection Experiment for the smallest base. 

***************************************************************** 

Camp Samuel Nicholas 
(small) 

Effectiveness Report No, 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 100.00 100.00 105.60 93.97 
2 24.63 50.78 77.43 100.00 
um 124.63 150.78 183.03 193.97 

Planning Factors 

3 5.27 12.77 18.97 24.73 
4 9.09 9.09 9.09 12.73 
5 74.55 74.55 80.00 72.73 

Sum 88.91 96.41 108.06 110.19 

Reliability Factors 

6 100.00 100.00 106.45 113.54 
7 24.96 50.28 76.58 104.99 

Sum 124,96 150.28 183.03 218.53 

Initiation Factors 

8 .00 58.96 76.65 48.57 
Sum .00 58.96 76.65 49.57 

Rating     99.72     128.19     140.62     175.81 

t i 1' i 1 i i i i- i 111 t i i i t i i i 'i i ^ i"4 4 ^ 'i t i i i 4 i' t i '^ t i ^ t i i 11111 i i' i i I i i t i l i i 'i' i 'i i' 
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The following information represents the results of the 
Level of Inspection experiment for the medium size base. 

Camp William U. Burrows 
<medium) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr Third Qtr    Fourth Qtr 

Productivity Factors 

1 100.00      100.00      100.00      100.00 
2 25.65      50.00      75.20     100.00 

Sum 125 ,65 

PI 

150.00 

anning Factors 

175.20 200.00 

14.75 29.69 44.81 60.12 
7.79 12.01 9.09 10.88 

77.76 73.70 75.16 76.62 
100 ,31 115.41 129.07 147.62 

3 
4 
5 

Sum 

Reliability Factors 

6 100.00      100.00      100.00      100.00 
7 25.16       50.06      75.02      100.00 

Sun 125.16      150.06     175.02     200.00 

Initiation Factors 

8 .00 64.36 63.81 68.34 
Sum .00 64.36 63.81 68.34 

Rating     104.44      127.97     150.71      170.37 
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The following   information   represents  the   results  of  the 
Level of inspection  experiment for the  largest base. 

************************************ ***************************** 

Camp Presly N. OPannon 
(large) 

Effectiveness Report No. 6 

Element  First Qtr   Second Qtr  Third Qtr    Fourth Qtr 

Productivity Factors 

1 99.91 99.94 99.97 100.01 
2 24.81 49.71 74.84 99.96 
um 124.73 149.66 174.81 199.97 

Planning Factors 

3 18.97 37.99 56.95 75.91 
4 9.97 10.19 10.32 10.57 
5 74.33 74.59 74.90 75.21 

Sura 103,27 122.78 142,18 161.69 

Reliability Factors 

6 99.89 99.98 99.94 100.07 
7 24.97 49.97 74.92 99.97 

Sun 124.86 149.95 174.85 200.04 

Initiation Factors 

8 .00 69.53 69.46 69.85 
Sura .00 69.53 69.46 69.85 

Rating     103.35      131.60      153.19      173.58 

***************************************************************** 
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