MASTER

INFORMATION MANAGEMENT

FOR
NUCLEAR POWER STATIONS

PROJECT DIRECTOR: DANIEL W. HALPIN, PHD.

PREPARED FOR: THE UNITED STATES DEPARTMENT OF
ENERGY CONTRACT EY-76-S-05-5270
FORMERLY CONTRACT E-(40-1) 5270

MARCH 1978

GEORGIA INSTITUTE OF TECHNOLOGY

SCHOOL OF CIVIL ENGINEERING
ATLANTA GEORGIA 30332

OR0O-5270-3
uc-78
SCEGIT-78—-164

APPENDIX A—-D




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



OR0O-5270-3
UC-78
SCEGIT-78-164

"INFORMATION MANAGEMENT FOR
NUCLEAR POWER STATIONS

APPENDIX A-D

Daniel W. Halpin, Ph.D.
- Project Director

School of Civil Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332

NOTICE

This report was prepared as an account of work
sponsored by the United States Govemment. Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their

or their employees, makes
any watranty, express or implied, or assumes any fegal
lihility or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not
infringe privately owned rights.

March 1978

PREPARED FOR THE DEPARTMENT OF ENERGY
UNDER CONTRACT NO. EY-76-5-05-5270
FORMERLY E-(40-1)-5270
PROGRAM MANAGER:- CHARLES A. THOMPSON

DISTRIBUTION OF THIS DOCUMENT 1§ UNLIMI W



NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the Unlied States nor the Unitaed
States Department of Energy, nor any of their employees, nor any
of their contractors, sub-contractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completenéss, or usefulness
of any information, apparatus, product or process disclosed or
represents that its use would not infringe privately owned rights.
Additional copies of this report can be obtained from the National
" Technical Information Service (NTIS), Springfield, Virginia 22161,
USA. , ' : : . ‘

' ii



. FOREWORD

This report consists of five volumes numbered OR0O~5270~1 through
ORO-5270-5. Volume I (ORO-5270-1), the Project Description, briefly
describes the purpose, approach and results of the study. An éxtensive
descriptiqn of the study appears in Volume II, System Design Concept
(OR0-5270-2). This volume, consisting of Appendices A-D, an& the
other appendices (E and F), contain supporting material upon which the
conéepts and -results of Volume IT are based. The appendices are bouﬁd

as tﬁfee separate volumes with the following designations:

(1) Appendices A-D OR0-5270-3
(2) Appendix E OR0-5270-4
(3) Appendix F ORO-5270-5

Copies of all five volumes can be obtained from the Nafional.Technical
Inforﬁation Service. (NTIS), Springfield, Virginia 22161; USA. Further
details régarding the contents of the volumes appear aé Exhibit I at
the end of Volume I.

Thé information developed and the results realized during this
study'aré tﬁe joint effort of a number oonrganiza;ions and éonsultants.
fIn directing this stgdy, Georgila Iﬁstitute of Technology was assisted
by Construction SyétemS'Associates, Inc. (Atlanta, Georgia) and Daniel
Iptefnationul Cdrporation.(Greenville, éoﬁth Carolina). Both firms
served as technical advisors to the project. Duke Power Company provided
the utility viewpoint and played é major role in providing information

and assisting personnel to the program. Other firms and utilities
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providing personnél and information to the prgject on a copsulting
basis ‘inélude:
(1) Southerg Company‘S;rvices, Iﬁc., Birmingham,‘Alabamé‘v'
. (2) Ebasco Servi@es,llﬁc., Atlanté, Georgia" |
(3)' Fiﬁq?;Pidhégx,AInc., Chicago, Illinois -
t(4) Gilbert‘Assdciateé, inc., Reading, Pennsylvania
In ad&iﬁion,'nu#eroﬁs,utilities and nucleéf‘consfructionusgppoft:
groups were interviewed dﬁring the course of the étudy?and érdVided‘-
valuabié informétibn and insights reggrdinglexisting mgthodS‘of'

operation.
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CHAPTER I

*
Project Management

1.1 Introduction

The success of an engineering project depends on the effective-
ness pf its managemént.- Project management must.supervise the design
effort, identify deéign ﬁribrities through planning and scheduling,
and.evalﬁate:progréss. Manaéement has both qualitative and quantitative
functions in this regard. The effgctiveneSs of qualitative management
is a fﬁnctioﬁ‘bf the manager's ability to utilize human resources. The
engineering manager's qualifative objective is to accomplish an effec~
tive and technically sound engineering design resulting in a minimum
totai project cosﬁ-(design, construction, and oﬁeration costs). Quanti-
tative maﬁagement felates to schedule and budgeﬁ compliance as well as
' produc£i§i£y'meésurement. Ihe quantitative objective 1s'to complete
the project on timé and within budget. Qualitétive and quantitative
aspects of.project management are closely related at tﬁe project planning
stage. - A design project must be planned and budgeted in such a manner
‘that a schedule can be met while achieving a good gngineering design.
During the life of the project, progress is evaluated with respect to
the early planning and budgeting which becomes a basis for productivity
measurement. Thé‘qualitative and quantitative objectives conflic; since .
one constantly cénstrains the o;her. Without a schedule or budget édn—
straint, a good design might evolve gradually through a trial aﬁd error

process. However, the companies who support projects could not affbrd
* This Chapter was written by Mr. William Wolter.
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this type of evolutionary -development. For this reaébn, a project
always has a set of ddal'problems: (1) maximize &esign effecéiveness,
and (2) minimize éést and elapsed timé. Because of the dual,problems,
project managers need a systeﬁatic technique to use as a,too1'for

» maximizing total managemenﬁ effectiveness. The system described in
the'following sections“is a combin;tion of techniques which are already
in use. The system is intended to be used as an aid to the managemen£
of the engineering portion of a large design-construct project.‘ Rele-
vance to total project management, including constructioﬁ, is émphasized
but not detailed. As a sample project, a typical éower plant is used
.to illustrate the-various comﬁonents of the management.syépem. While
viewing the systeﬁ for power plant design management, application to

other induétrial—type design projects can be realized.

1.2 The Sample Project

A project is a temporary organization which is creéted to accom-—
plish an objective. When its work is completed, the.project is closed
out or disbanded. A project may be compéred to a cémpany which .starts
with a small group of key persqnnel. The company expands in personnel
and equipment for 70~80% of its life and then quickl? diminishes aé the
'objéctive reaches final achievement. Consider a tyﬁical poﬁer piéﬁt
"(over 500 MW) which must Be designed and comstrucled. Tu accomplish
" this objective, a project is created. The powér~plaht project can be
divided into its major subprojects: ENGINEERING and CONSTRUCTION. |

ENGINEERING designs the numerous systems which operate the plant,



-purchases permanent equipment, and produceé construction drawings.
CONSTRUCTION buildé the plant in accordance with the constfuction
Qrawings. Theﬁ ENGINEERING must publish plant operation manuals and
furnish expertise for starting the power plant. When construction is
complete and the plant.is in full operation, the objective is completed,
and the project ié ﬁerminated.

Because of the high initiél investment cost of a power plant (seve-
ral hundred million dollars), it is necessary to expedite engineering
and constructibﬁ aé_much as feasible so that an early commercial opera-
tion date can be realized (about 8-10 years for nuclear plants from start’
of engineering);: This requireé that engineering and construction phases
have considefable overlap in time. Foundations are often constructed
“before superjétructure designs are completed. Site facilities are given
tentéfive.arrahgeménts prior to design of such systems as fuel handling,
rad waste handling, and auxiliary systems in order to expedite earth-
work drawings and enable the start of construction. Typical time-phases
of the project are illustrated in Figure 1.1. Examination of the project
phases Wili bring out the significance of phase overlaps:

1. Pfopésal'phase —- -Preliminary estimates, schedules, and techniéal
‘qualifications'of the éqmpany are presented to the potential client in a
bid to oﬁtain an engineering'and/or constfuction contract.

2. Preliminary engineering - Design parameters are established and
major equipment is- purchased such as the nuclear steam supply syétem
(NSSS), tufbine generator, other mechanical equipment,'main power and

auxiliary power transformers. Design parameters are established as
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1 systems are defined and as major equipment is selected. As'design
parametefé become finalized,-definitiQe design (for fabrication and
construction) can proceed. Expediting of the project schedule requires
produéing construction drawings as early as possible, usually beque
completion of the preliminary engineering phase.
3. Definitive ‘Engineering —- Construction drawings are produced

and equipment purchases are completed during this phase. Designers

and draftsmen use design information generated in the Preliminary
Engineering Phase to prepare construction drawings. However, the
construction bhase sometimes places schedule démands on drawing pro-
ductioﬁ'and equipment de;iveries at the expense of good engineering.
.For‘example, stchtural engineers are gompeiled to proceed with final
steel priof to knowledge of specific equipment lo;ds, or even systems'
configurations. This results in expensive, overly-designed structural
membérs and a high probability of design modification after drawings
have been releaséd for fabrication. The impact of project scheduling
problems is first realized in the definitive éngineering phase becauset
of (1) the nee& for design parameters required to start design, and

(2) pressure from the'constfuction phase to produce drawings. The dual
‘ problems of the project are explicit. The engineers are-attempting to
.produéeAa design of good quality. On the other hand, they are con- A
strained by a tight schedule. In the absence of a systematic technique
to assist in identifying design priorities early in the project, one |

or both of the dual problems must be sacrificed,



4. Construction -- The construction phase requires the least

explanation. Although there are alternative construction sequences,

the alternatives are restricted by site conditions, climatic conditioms,

area accessibility, availability of labor, and precedence éonstraints‘

.(earthworkbbefore foundations; foundations before superstructure, etc.).

Because of the restricted nature of a construction sequence, and be-

cause of the relatively high cost of constfuction'vsf engineering,}

the construction schedule will establish time parameters for completing
the definitive engineering phase. To effectively schedule definitive
engineering, the constructidn schedule must be conceived duringythe
preliminary engineering phase.

5. Start-Up -- Start-up should be the responsibility of the en-
gineers who designed the plant systems (mechanical, piping, instruménta—
ﬁion and control,.and electrical). Since the project schedule is to be
expédited whenever ﬁossible, systems and equipment checkout Ségins
before power plant construction is completed. An efficiently scheduled
project will havg allowed for the time and sequence.of plant start-up.

When a large éngineering project, having complex system designs,
is characterized by considerable’phase‘overlapping, a managemenlt system
for defining and controlling the project is necessary. An effectivé
project management sysfem éhould provide the tools for defining,
budgeting, scheduling, supervising, and evaluating the project. As
mentioned préviéusly, the functions of managemént are both qualitative'
and quéntitative. Engineers are rigorously trained for techﬁical'com—

petence and are conscientious in striving for high quality performance.



A management system, at best, can enhance the technical aspects of
design. The system's most tangible purpose is to assisé in quantita-
tive engineering management, mofe specifically, to answer the follow-
ihg questions: |

1. Exactly what work has to be done?

2, Wﬂat‘is thé estimated cost of the work?

3. Im ﬁhat ordef or sequence éhould the work be done?

4. ‘What -resources will be ;equired over the life of the project?

5; How should the projeét's progress be evaluated?
The-manégémght Qyétem described here has the following major components -
 which will be describedAsepérately: PROJECT DEFINITION, BUDGET,'SCHED—.
ULE, AND PROJECT EVALUATION. The system combines the major components
into a dynamic tool which is useful during all project phases, The
systemvproviAes a means. for modiﬁying the project and for management’

decision analysis.

1.3 Control System Components

1:3;i' Project Definition

The coﬁppnents of the project management system will be described
in terms‘bf the sample power plant project. The'first step in design
management'is to define the project: What and how much work has to Ee
doneé To do this, a special kind of outline is developed called a

work breakdown structure, an outline of successive levels of work

packages. Each work package fepresents a well-defined portion of the



total work (Figure 1.2). ‘The first level of the work breakdown

structure is the total power plant project. .The pbWer plant project

is composed of‘tﬁp major subprojects, ENGINEERING and CONSTRUCTION,
which form the second level of the work breakdown structure. The

third level subdiﬁides the second level, the fourth squivides the

‘third, etc., until a desirable level of detail is reached. The most

v

detailed work packagé should be the detail required to monitor and
control the job. 'Figﬁre 1.2 illustrates the work breakdown from the
Power Plant Project level, through Engineering Design levels, down to

the detail of selecting a specific item of equipment or preparing a

flow sheet drawing. A fundamental characteristic of a.work'breakdown

. structure is that each work package is a segment of its next highest

levelg or conversely, a work package can be expanded to more detailed'
levels. For examﬁle; the‘"Cbndgnsate System Désign” is composed 'of
the folloﬁing (from Figure 1.2):

System Definition

Piﬁe Design

Instrumentation and Eleétrical Design

Equipment Specification
Under."System Definiﬁion,”_the tangible products ofﬁthat Work Package
are iisted: | | -
System Description
Design Criteria Study
Flbw Sheet:brawing

Components Listing
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The work breakdown structure enables the ménager to evéluate the content
of a design.péckage at any level of detail. .Knowing the content of any
 design'pa¢kage ié probably the most valuable information provided by the
‘wofk-breakdown sﬁructure. The- work breakdowﬁ structure is a means for
achieving a refined systems apalysié of é complex.engineering design.

It bécomes an important tool for coﬁmunicétion ﬁetween successiveimanage—
ment levels, and ﬁor design coordination among several engineering dis-~
ciplines. 1In ggneral, é broad scalé level -of the work brgakduwy struc-
ture will be ﬁofelintérdisciplinary than a motre detrailled wurk package.
The types of per$onpel4iﬁvolved in the level 4.work package; "Copdgnéate

" are as follows:

System‘Désign,

Mechanical Engineers

Elecﬁricai Engineers:

“ Civil Engineérs

Instrnmentation Engineers

Stress Anélysis‘Specialists.

Piping Designers

Draf tsmen

Specificafion Writers
Not until the éixtﬁ level is reaghed is the responsibiliﬁy defined to
an individual. A piping supervisor is, for e#ample, responsible for a
flow sheet drawing. The work breakdown structure can illustrate to én
engineering speci#list, who is highly qualified but 1imitéd innfange of -
expertise, exactly where his work fits in thé overall project. It also

shows him the impact of his design on closely related design areas.

10



In effect, the work breakdown structure is a working tool for all

project personnel.

1.3.2. Budg;tA

Dévelopmen; of the wdrk breakdown sfructure is the proposed method
for attaining project;defiﬁition. How can this tool be used'in quanti—
tative-maﬁagemeﬁt?' It fells what work has to be done énd offers various
levels of detéil fof.describing the work. By'éstimating the cost of
completiné each work package, the manager can state in duantitativé
terms (dollars, manhours, etc.) how much work has to be done by the
project.

. Assuﬁe that the'Power Plant Manager has'requested a manhour esti-
mate from hisiproject engineer. The engineering prbject organizatioﬁ
.is charted ih‘Figgre 1.3. Traditionally, the chief engiﬁeer from‘each
discipline would Bé aéked'for an estimate of the engincering cost for
his a;eé of responsibility. ' The chief mechanical engineef, for instance,
can ciassify his‘respohsibility into two categories: drawings and ﬁon-.
drawingg. fhe drawings are the end products of mechanical and piping
design. The ﬁqn—drawingtactivities include conceptual system_designs
andAequipment'specificationr Based on past experience,bhe knbws about.
how many drawings will be required to design a power plan; of a partic-
ular size, and ﬁe has retained manhour data for each'type of drawing.

He also knows that in the past his non-drawing manhours ﬁave been a
certain peipeqtage éf'his total mechanical design effort; With the:

above data, he can estimate the total manhours for this design and,-

11
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- based on previous experience can allocate those manhours among the:
spécialty personnel who work for him (pipe designers, process systems
eﬁgineers; taqk and Veésel désigners, etc.). Using his;oricél aata,
the eﬁgineering estimateAié quickly compiled and held within acceptable
tolefance for establishing a preliminary budget.

A mdré exacting method for obtaining a manhour budget is proposed

as follows:

Stép 1. Develop a work breakdown structure.

Step 25 Estimate the manhours and personnel required to complete
each work paékage at the most detailed level (level 6 of
1Figure 1.2); |

Step 3. By summing the éstimates of the detailéd work packages one
level'lpwef; obtain an estimaté‘fbr the wérk packages at
each‘lével_of the work ‘breakdown structure.

Step 4. Compare the engineering estimate achieved by using the
work breakdown structure with that obtained using historical
data, And check for significant deviations between the two
éstimétes.

Stepll forces a comprehensive study of the project scope of work.

Step 2 enables the engineer or one of his supervisors to estimate tﬁe |
manhours required to cbmpletg'a tangibie product of design, such as a
specifiq group of drawings or an anélysis of a specific system;-"Step 3
allows ajéummérizatioq for the benefit of those who do not ;equire’the
work activity defail'of level 6; Summarization of the manhour éstima;e

at levels 3 or 4 points out the major areas of management concentration

13



for the project. Step 4 verifies that the estimate'is-reasonable,
orlshows that it is above or below the average job of that sizei
Y'Applying en:estimate to a work breakdown'structure is illustrated
by Figure'l.A.A~In Eigure 1.4, the~responsibility for three work pack—-
- ages is divided among three chief engineers, each in a different dis- "
cipline. A further refinement of responsibility can be obtainedvby
adding a succeeding level to the'work'hreakdown structure; By sub-
dividing the workupackages into specific tasks, the‘job can be defined
and budgeted in greater detail.. For instance, the chief mechanical
.engineer can divide his budoet among his more specialized supervisors
, in terms of the work packages of level 5 (Figure 1. 5). vApplying the
Aestimete to the work-package is a good test to see if'the'detailed
level of the work breakdown structure is sufficient for‘joh‘control.
If a work package must be subdividednto ohtein a good estimete,,then‘
the subdivision is-necessary for job control.
Using the work breakdown structure as an estimating basis enables
" specific documentation of the scope of the work to be performed - under
the engineering contract and provides a direct tie of'thet.scope of work
to the estimated’cost. Subsequent changes to the work scope are in-
ev1table and are brought about by the client design decisions,‘economics,
equipment selection, regulatory requirements, and site condltions Such
changes can be documented readily by modifying or adding to the work
breakdown structure“and by assessing the cost of the modified or additional
work'packages. At all times, a client can be mede aware of how his design

money ‘is heing,Spent and of all deviations from the initial estimate.
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FIGURE 1.4: ESTIMATE DEVELOPMENT WITH A
WORK BREAKDOWN STRUCTURE
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FIGURE 1.5: ESTIMATE DEVELOPMENT WITH A
- WORK BREAKDOWN STRUCTURE

(Design Engineer Responsibility)
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By analyzing such a‘change on a design system basis, the total project -
cost of a change in work scope can be more aécurately detgrmined. The
projec; engineér ér project manager may find.fhat the systems anaiyéis
of projeét costAis an efficient means of conveying to'a client that an
additional one thousand dollars spent in design might rééult in several
thoﬁsand'dollarsbsavings in construction and operation. Thus, the work
breakdown structure and the estimate can become a communication medium
between the cliént and'the engineer, and provide a potential means of
4inyolving the client in engineering decisions. Thi; proﬁotes a good
working relationship between the client and engineer, which results in
better plant»dééign,and‘mutual satisfaction.

The éstimate.for the cost of engineering is normally reviewed by
both(the pfoject managef>and'fhe client.l'After ﬂecessary adjustments
are ma&e and "approvals are obtained, a manhour budget can be established,
.based on tH¢ e;timate. AThen, the project is well defined in térms of

what and how much work has to be done.

: 1.3.3' Schedule
The pgxt component of the control system is the schedule. Its-
purpose is to téli when the work has to be done in order to méet the
‘;réqﬁired.projectAcomplecion date. (It is assumed that a fealistic p;oject
:‘gdmpietibn‘déte’has been previously accepted by both the engineer and the
client.) The desc;iptibn of the project phases in éection 1.2 presents

an overview of the project schedule. The phases are reviewed as follows:

17



1. Prpposal'

2. Preliminary Engineering
3. Definitive Engineeging
4. .Constrpctién
5. Start-Up-

The necessity for detailed planning of each project phase is based

on the time 6verlaps between phases, typical of a multiphase project

in general; and a power plant project in particular. The performance

during each phase depends on Lhe sucecsoful completion of work in the

preceding phase. For example, among other actibities in the preliminary

engineering phase, the steam-generator (boiler) and the turbine-generator ..

are purchased. These major purchases establish the basis for the power
ﬁlant géﬁéral arraﬁgemen; and for detaile& design‘of the steam-turbine
éiping s&stems. |

The engineering échedule includes the‘preliminary‘engiﬁeéring aud
definitive engineering ﬁhases. A primary objéctive of scheduling engin-

eering is to.efficiently support the construction phase. Schedule devel~-

opment normally begins early in the project by establishing key events,

indicating completion of significant amounts of work. Parameters set
for the engineering schedule. are normally construction start dates for

which engineering drawings, plant equipment, and construction materials’

.are required. The project engineer should establish target dates for

key events within engineering which would assure compliance with the
construction start activities. Traditionally, an engineering supervisor

of each discipline‘might be asked to échedule his drawing production

18



.~ and eQuipmeﬁf pracdrement’in accordance with given target dates.  The
enginéer caﬁhthen predict his manﬁowef requireme;ts over the life of
the'project.: For thié, ﬁe relies on previous expérienée énd historical
data which he has collected in the past.” Like the estiméte that is
based eﬁtirgly-on historic31 data; the schedule is accepted as reaéonable,
and is checked against the key evént dates which were establiéhed'by
Amanagement} o

Separatéiééheduling effofts by each'éngineering.digéipline can,
'howevér, 1éad td problems in project design coordination. For instaﬁce,
as in Figure 1.6,Uthe chief civil engineef schedules his foﬁndation de-
“sign and'dfafting based oﬁ a preliminary construction schedule. 1In a
similaf'fééhiéﬁ; the chief mechanical gngineer ;chedules his piént
equipment pdrphaseé based on.thebconstruction installation sdhedule.
In the simple-exémple'illustrated by_E;gure 1.6, the mechanical equip-
ment fabriéation drawings (from the manufacturer) are ﬁeeded'by tﬁe civil
engineer to design .the fbundations, bﬁf the purchase of equiﬁment is
Ascheduiedftoé late by the mechanical engineef~to'accommodate the need.
If thé design gcﬁé&#le is not satisfied, neither'is the cpﬁstrUCtion sched-
ﬁle. Thus, Fhe‘situation ﬁay.result in a-more‘costlyicohstruCtion se;
queﬁce. A systéﬁatic method is now described which is intended to ﬁe used
as a tooilfo promote interdisciplinary'communication while'sche&uling:
engineering design. | | |

' The proposed teéhniqué of scheduling utilizes a multi—diéciplined
effort and is Baséa on the work. breakdown structure previéusly developed.

Also, certain construction schedule parameters must be determined, to
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1. Project completion date

2. Required start of construction

3. Start and completion dates of major construction activities.

The steps followed by the scheduling engineer are as follows:

Step 1.

Select an appropriate level of the work breakdown structure

to scheduleiengineering. The detail level selected should

b"'tangibly desgribe.design work packages. From Figﬁre 1.4,

‘level 4 is selected because it is the highest (most sum-

ﬁarized) level which defines a single end—ﬁroduct of en-

gineering. Work packages at level 4 are design system

. oriented.

Step 2.

Step 3.

For each work package at the level selected in Step 1,

. develop a logical plan to engineer that work package.

The planning logic should be that of the chief engineer
assigned to that work package, perhaps, compiled by-a
scheduling'speciélist. Planning activities will be derived
from a more detailed level of the work breakdown strucfure.

For example, the summary level for scheduling has been de-

‘fined as level 4. In Figure 1.7, a planning network has been
constructed from level 5 work packages, which become planning

‘activities. Precedence relationships are defined by the

logical arrows in the drawing,

- Determine the precedence relationships bétween the summary

level work packages. The execution of each level 4 work
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package has a logical plan represented by a precedence
network as in Figure 1.7. For each activity in the net-
work, determine what inputs are required to accomplish the
work and what happens to the end products (drawings, design
data, equipmentAselection) generated by engingering for the
work‘packagg. The inter-work package relationship is il—v
lustrated in Figure 1.7.

Step 4. TFrom the precedence relationships determined in Step 3,
consider all outputs from engineering to construction. A
‘rgquired date for each engineering-construction interface

' construction schedule.

'is derived from the "preliminary'
Step 5. Aéply all "fixed" durations (predicted elapsed time) to
each of the planning activities. Perhaps the most prevalent
example of a '"fixed" duration is the time required for a
ﬁanufacturer to fabricate an item of eqdipment (such as a
‘pumé). Such an elapsed time cannot be altered except’
'through expensive expediting.
Step_6f‘HConstruct a time-scaled chart (either Gantt or network)
| at the summary level determined in Step.l (level 4 in the
example). Use more detail if necessary to show the relation-

ships derived in Step 3. Allow for a reasonable elapsed-

. - .. . %
time duration for activities not having a '"fixed'" duration.

*Drawing a time-scaled precedence network is not an easy task. It is not
suggested that this time-scaled drawing be a totally encompassing diagram.
For this reason, the summary level is used whenever possible. The drawing,
however, will serve several purposes, since it: (continued next page)
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Step 7. Determine "variable" activit& durations (activitiés‘
which may be expedited by project action) within the
date parameters set by the time-scaled dra&ing.

Step 8. Determine scheduled étart and completion dates for‘eécht

" activity of each level 4 network devélopéd in Step 2.
vStep.9. Allocate resources to the schedule by assigning the
engipeering manhour estimate fér e;ch work package, by
discipliﬁe, to each acfivity, and distributing the allo-
cated manhours over the elaésed time‘of each activity,
A manpower utilization schedule for each gngineering
discipliﬁe can be developed bylsummiﬁg manhour requife—
ments per day, week, or month of the project duration.
Figﬁre'l.B'éhcws‘the relationship: between the budget,
schedule, and resource allocatipn. .
Actually steps 1-9 are just the beginning of scheduling a project.

The schedule changes continuously as engineering progress is realized

and as the scope of construction becomes better defined. The "preliminary"

construction schedule is derived without definitive design drawings and
is based only on past experience and limited siﬁe knowledge. Inevitably,
the construction plan will be altered, and new priorities will result for

engineering. It is imperative, however, that throughout the life of the

a) provides a preliminary overview of the engineering schedule;

b) points out obvious scheduling problems immediately;

c¢) provides a communication media through which each project member may
examine the prellmlnary schedule; and

d) helps determine "variable" activity durations required to meéet the
schedule.

24
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project, the project manager, project engineer, chief engineers of
seéaraté diéciplines, and supervisors have an intelligent means of
predicting when the work has to be done, and how many men will be
requifed in the.suCCeeding months.

The schedﬁle»bécomés the tool for executing the scope of work.
Changes to the scope of work should be reflected by modifying the
schedule.A This is done systematically by revising the hetwork ac-
tivities, adjusfipg stérf‘and completion dates, and allocating re-
sources'for.affected &ork packages. The modular technique of devel-
‘oping a small network for each design system (identified by a level 4
work package) énablés easy segregation of schedule revisions. The
schedule is used to ménitor progress by replacing the scheduled start
-énd'completion'dates with actual dates as activities are executed. ﬁach
time such updéting is done, the dates of the remaining activity schedule
must be adj;stedAto reflect the actual dates realized to date. If com-
pietioﬁ dates fall behind.schedule, succeeding activities' durations
must be sﬁortened and/or planning logic must be reviéed in order.to
meet the projectvcompletion date. Computer‘scheduliﬁg programé as de-
scribed in Chapter IIi are available and allow effic#ent updating and
progress doéumentafion. ;

fhe resource utilization schedule becomes the b%séline for measuring
progress in terms of cost (in manhours). Each time 4 schedule update is
made, actuél resource usage should be recorded againét eaéh-work package

E !
which was completed or is in progress. For each,worﬁ package in prbg:ess,

an estimate of manhours required to complete that work package should be
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made. Then the pérﬁent complete of any work package isAequai to the.
.(actual to date manhours) divided by (actual to date'+ estimate to com-
p;efe-manhours). Percent complete can be calculated fof any summary
level of the work breakdowﬁ structure. Also, by summarizing actual and
esﬁiméted manhours for each engineering discipline, percent compléte can
be calculated fofléivil; mechanical, and electrical engineering, etc.
Resource ﬁtilization data are used in project evaluétiop as explained

in Section 1.3.5.

1.3.4 Ihtegrated Control System

The control system components have been defined'as follows:'

1. Project definition -- An outline of work that has ;o;be_done
Sy the project in the form of a work breakdown structure,

2. Budget =-- Defived from an estimate of each work package in the
work breakdown structure, an approved allocation of resources (dollars,
manhours, etc.) to the project.

3. Schedule -- Based on a logical sequence’of Qork.packages of the
work breakdown'structure and on the ailocated Budget, a prediction of
wﬁen each work p;ékage will bé started and'completed, ;nd a'reéuired
distribution of iesoﬁrces over the life of the projgct.

These three components, when used together, become a comprehensive system.
for managemeﬁt control. Figure 1.8 illustrates the iﬁtenlelaLionsﬁipq'
of the componénts. Within the system, tﬁé work ié defihed, bu&géted,

and scheduled. From the resource utilization scheduie, a cashlflow pre-

" diction is derived.
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As engineering ﬁ:ogresses, the scope‘of work bécomes more refined
and is alﬁést,alWaYs modified. Changes to the work definition enter
the system through the work breakdown structure.‘ Then, the bﬁdget and
schedule areAadjustedﬂaécotdingiy. Reﬁisibns to schedule are continuous-
l& considered; ‘The most significant schedu;e revisions impact tﬁe |
Budget. .For instance, expediﬁingithe work can resul£ in'a'higﬁef cost
(overtime, tempofary jobfshop assistance, eﬁc.). ‘Sometiﬁes a rigid

schedult_e causes additions to the work definition. The schedule can

dictate that mutually exclusive design alternatives be completely en-
. gineered with equipment purchased prior'to the selection -of. the final
alternative. In this situation, the schedule is used to-determine how

"much parallel design effort is necessary in order to assure operation

date compliance. Then, the additional work is factored into the work
breakdown strﬁcture, budgeted, and scheduled like any other sqobe of

work modification. When analyzing a design alternative, the impact

‘to the project can be traced from initial introduction through con-

struction and start-up. In short, the impact on cash flow of any pfo—
posed action can be pregented to a client.

Changes to préject sc&pe deserve -special étfgntion because of their
cumulativeAimpéct on total'projéct‘evaluation;» Chénges to'p£oject scope
afelchanges in cqntractual commifment, and such chanéés almost always
reduire budget an& schedule adjustments. To_effedtively control thé
project, the project manager and/or project eﬁgineer must documént and
carry out all scope additions or deletions. A good client-engineer.

relationship depends on timely notification of budget and schedule

28



adjustﬁents resulting frqm scope changes. With a large engineering
budget (160,000-1,000,000 manhours), documenting relatively small
changes to scope is easily neglected. However, the complexity of an
enginee?ing project of large magnitude virtually prohibits initial work
definitioﬁ which is 1002 complete. It is for this reason that the project
scope should be documented as early in the project as possible in order
to formulate a baéis.for potential scope, budget, and schedule adjust-
~ ments. If changes to scope, along with their impacts to budget and
schedule, are documented and relayed to the client throughout the life
of the project, there will be no surprises of budget overrun or late
schedﬁle; Fof'project financing purposes, the client must be allowed
to évaiuate ﬁrends in #otal project cost which emanate from changes of
engineering.scope.
Implémentation of the management system‘as a sﬁpervisory tool
depends 6n the'effectiveness of the schedule. Planning logic must be
correct, -and work activities must be in sufficient'detail to contrql
the projegf. ‘The schedule must be a comprehensive %epresentation of
the scope of work for total project control. Fufthermore, a change in
_project scope éhould be reflected by an updated schedule, as should

be all problems associated with the work in progress. If scope and
budget are both included in the schedule, then it follows that the
projeéect can.ﬁe controlled, mbnitored, and analyzed on the basis of the
schedule. Althougﬁ the work breakdown structﬁre and the budget may be
used separately as valuable management tools, the proposed sysfem im-

plementation depends on a good schedule.
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1.3.5 Project Evaluation

When work is in progress, and progress is reported against the
'schedule, then project management and the client can evaluate the

current status of the project with respect to the current definition.

The iast phrase is underlined because it points'out-an important bene-
fit from implemeﬁting this management system: effective prégress eval-
uation. Management effectiveness dgpends on the ability to pinpoint
current project-statué with.respect to the current project definition.
The system provides the baseline for evaluating progress.. Questions to
be answeréd;ére as follows:

1. How much wo;k‘has been scheduled to date? -

2. How much wo;k has been done to date?

3. What is fthbudget fof the work done to date?

4. . What has been the actual cost of fhe work to date?
The m;nagement system answers questious uumber 1 aud 3. Numbers 2 and
4 afe answered by'collecﬁing progress data with regard to the schedulé
. and thé budget to complete the project as introduced iﬁ Section 1.3.3.

For the best results in project évaluation, progress data should
be collected for the mbst detailed work packages of the work breakdown
structure. Ideally, these work packages would be the activities in the
schedule which provide the basis for resource allocation. Accurate
datg'collection is extremely important and it must be emphasized that
the cost of perforﬁing each activity must be documented on a regular
basis (weekly periods at minimum). Section 1.3.3 indicated that an

estimate to complete each work package must be obtained for all activities
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in progress for the following reasons:
1. It enables a percent. complete measurement of the activity or

-work package based on objective data (as opposed to estimating percent

cost to date (manhours)
total expected cost (manhours)

" complete directly), where, % complete =

2. 1t provides a current projection of manhour totals which must
‘be applied to the updated schedule.
A Progréss reporting data may be summarized at any level of the work
breakdown structure, by engineering discipline. Figure 1.8 illustrates
"possible feport summary levels. The information, listed below, is use-
ful in evaluating a project: )

1. Actual vs. Scheduled Percent Complete -of Work

2. Actual vs. Budgeted Cost of Work Performed

Budgeted Cost of Work Performed
Actual Cost of Work Performed

3. Efficiency =

: v . _ Actual % Complete of Work
4.. Schedule Compliance Measurement = Scheduled % Complete of Work

5. Total Project Cost Trend = Total Budget = Efficiency

Cost to Date (Manhours)
Total Project Cost Trend (Manhours)

6. Percént Complete -(Trended) =

Schedule Duration
Schedule Compliance Measurement

7. Total Project Duration Trend =

The evaluation components should be examined carefully. The actual per-
cent complete used in the Item 1 comparison is not the same as percent
complete of trend in Item 6. The actual percent complete is based on the

foliowing:

Total projected cost = (actual cost to date) + (estimated cost to
complete activities in progress) + (budgeted cost for

activities not started).
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The percenf complete (trended) is based on total;projecﬁ cost

trend = (total budget) + (efficiency).

1f the'éfficiency is less than 1.0, the total project cost trend provides

an expected upper bound on the total cost. The total project cost provides

that coét which is still within reasoh tb obtain,uwhere'future activities
are unhiased by éurrent efficiency. Early in'thé‘project; the manager
might plécé more ponfidencé in the unbiased calculation. Huwever, iatar
in the project, the trend calculation will bgcome more accurate.

How does the projgct manager use the evaluation as a management

tool? First he examines the trends. Will the project finish within

budget; if not, how many weeks behind or ahead of schedule is expected?

He might then éxamine the "Milestone Sumﬁary* evaluation (Figure 1.8)
and find that out of ten milestone work packages, only one is demon-
strating poor perfdrmance. The manager,caﬁ find the root of the problem'
by tracing it through the work breakdown stiructure Lu the moBt detailed
work package without having to review the total evaluation at that 1e§é1
of detaili Now he can become involved inbsolving the p?oﬁlem at a greater
degree of detail without having to manage the project at that level of
detail.

The system just-described offers the ability to monitor and control,
in a quantitative manner, the budget and schedule. Through the work

breakdown structure, it offers a means of comprebensive project defini-

tion. Through its evaluation technique, the system offers management by
exception, enhancing the qualitative aspects of management. The manage-
ment system provides a tool designed to help maximize total management

effectiveness for time and budget constrained projects.
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1.4 Implementation

| An example of a work breakdown structure for the engineering of
a typical power plant is given in this section. In the example, the
pfojéct manager wants to study the.scope of the condenser cooling water
design. He is especially interested in the condenser cooling cir-
cula;ing’wéter syStem.  The activities required to design the system
are. extracted from the work breakdown stfucture. Also provided is a
list of other éystéms, under different categories of the work breakdown.
structure; whiéh interface fhe condenser cooling water mechanical sys-
tems. | |

‘Following tﬁe work breakdown structure is a detailed plénﬁing‘
logic diagram which would assist in scheduling the wérk activities
aﬁd:required ﬁanpower to compl?te the condenser cooling circulating
water system design.

.The éqmpléxity of incorporating two to five'hundred logical plénw
jniﬁg.diagrams.into a meaningful activities schedule is beyond the scope
of the tiﬁe-scaled fPERT—chart" or Gantt (Bar) chart. Commercial computer
packagés.ére‘available‘which would adequately maintain the entirg manage-
ment -system to inciude work breakdown stfucture, budget, schgdule, and
progress'repoffingﬂ. Most of the scheduling systeﬁs are based on;Critical
Paﬁﬁ Method (CPM) 6r Pr&gram Evaluation and Review Techniqﬁe (PERTS. The
key to effective.computer»éet—up of the management‘systém is to develop
a numbering or coding system for the work activities which is a repre-
sentation qf the work breakdown structure. To illustréte this, refe;ence

is made to the work breakdown structure example. The numbers on each work

33




package are organized in such a manner that the first digit is repre-

sentative of "Engineeriﬁg," the second digit stands for the major

category within E;gineering, and the third and fonrfh digitsAmake up
the "System" number. The sequential sorting capaﬁili;y of the computef
-enaﬁlesnreportiﬁg én"éanéaﬁegory or summafy level of the work break-
down structure such as the "Condenser Cooling Ci£CU1ating Water
Systém."' By the sameAtype of coding s&stem; the resppnéibility.stru;—
ture'can be created by computer sorting. Iﬁ fact, the entire system
for-pfoject céﬁtrol;'as illustrated in Figure 1;8?'can'5e réaiiéed

using a scheduling and resource allocation computer package.
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FIGURE 1.10:

PLAKNING LOGIC DTAGRAM
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CHAPTER II

Construction Planning and Scheduling

2.1 In@rodﬁction

The work breakdown structure (WBS) used to organize éctivity during
:the engineering phase provides the framework for scheduling during thé
engineering and c0nstfuc£ion phases. 1In fact, both engineering and
construction schedules tend to interact as design detail progresses
and are greatly impacted by the work breakdown procedurg. At the out-
. set of a project a milestone event schedule is established. This is a
very high level schedule and is designed to indicate when major even;é
such as tﬁe completion,of the Preliminéry Safety Analysis Report (PSAR),
completion of majqr project elements (e.g., completion of turbine building),
aﬁd plant start-up .are to occur. A typical milestonevevent schedule for
a nuclear plént is shown in Figure 2.1. Based on the milestone event
SCheduie, design requirements and dates for availability of design docu-
mentation can be establishea. These dates in conjuction with WBS approach
generate a design schedule. The engineering and design échedule typically
consists at any ﬁoint in time of several thouéand design activities. The
design schedule, in turn, becomes the basis for procurement and construction
schedules. The construction schedule which derives from the design sched-
ule usually consists of from 6 to 8 thousand activities and is commonly
‘referred to as the DEFINITIVE SCHEDULE. There is continual interéction
between the engineering—design, the procurement, and the construction

schedules and delays in one inevitably feed back and lead to changes in
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the others. This dynamic relationship between the schedules means
that the details of these schedules are in a constant state of flux.,
This leads to a continuing updating requirement and maintenance of
large data structures. The combination ofléngineering/design, pro-
curement, and construction schedules‘can be referred to as the Inte-
grated Project Schedule (IPS) and implies the generatibn, control, and
sfatusing of massive amounts of information. As design and construction
progress a start-up sequence fér bringing the plant on liﬂe is also
established and results in the definition of a stért—up schedule.

This schedule is also integrated into the IPS. The interaction of
these schédulessis.shown conceptually in Vgnn diagram format in

Figure 2.2.

4

%
CONSTRUCTION '

FIGURE 2.2: CONCEPTUAL REPRESENTATION OF INTEGRATED PROJECT
SCHEDULE (IPS) ‘
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Schedules in excess of 30,000 activities have been developed in an
. u . |
attempt to integrate these complementary phases.  In practice, however,

this integration is usually in concept only and interflow of data is ac-

Fys

domplished manually. Southern Company Services, for ekample, maintains
an engineering schedule for each project using the Projeét 2 network
processor (see Chapter 3), while a separate construction schedule is

maintained using a separate schedule proccsceor. Interaction between

-

these two schedules is accomﬁlished manuaily. , N
Since these schedules are in a dynamic state of change and revision,
'shorter,raﬁge'éonstruétion schedules for control over an immediate time
ﬁorizon spch as a quérter or month must be derived from the definitive
schedule. This leads to the concept of schedﬁling levels wi£h the mile-
stone schedules at Level 1, the definitive scﬁedule at level 2, and
shorter range schedules at levels 3 and below. These lower level detail '
schedules can take the form of networks or detailed bar chérts. As will
be explained in a latef section, Daniel International Corporation utilizes
an Intermediaté Range Bar-Chart Schedule (IRBCS) at level 3, covering a
three-month period, a Short Range Bar Chart Schedule (SRBCS) at level 4,
which is utilized for weekly schedule purposes, and -a Work Order concept
at leve¥ 5 which defines individual work packages to be assigned to field ;
crews for accomplishment.**- The use of milestone and‘defiqitive schedules

to control construction at levels 1 and 2 ic failily standard throughout

*Such a network was developed at the Hatch II plant of Georgia Power to inte-
grate the construction and start-up schedules using the IMPERT schedule
processor, : :

**See footnote next page.

E}
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the indust;y;. The‘definitibn of level 3 and below varies from con—‘
structor to”constructor; " Stone and Webster uses a élightly different
'system'as'shown in Table 2.1. The table indicates four levels of
"Basic Planning and Control Documents." The use of "levels" to
establish measures for‘cohtrolling construction,also'iﬁpiies a struc-
ﬁure for data colleétion_and aggregation for reporting purposes. In
the Stone and.Webster system, the lowest level.of definition and, there-
fore, the first pbint bf data acquisition, is at level 4. Data -aggre-
gated at level 4'feeds the fragnet schedules and other repdrts at
level 3. A similar process allows aggregation of information at |
levels 2 énd 1. as necessary.

In ﬁhe followiqgvsections, planning and scheduling systems either
presently being utilizéd 6r projected for use will be discussed. The
scheduling oriéntation of the systems varies acéording to thg organiéa-
tional viewpéint of the support organization. The ;se of the planning
and'scheduling fuhction‘ﬁo support construcﬁibn activity‘pfedominates
in the Daniel and Bechtei systems. The utility viewpoint emphasizes,
control of a number of functions, as reflected by:the-Commonwealth Edison,
Duke, TVA, and Southern Company Services systems. The system used by

Westinghouse emphasizes the vendor's viewpoint in production scheduling.

**The use of levels to define construction level detail should not be confused
with the definition of levels of work breakdown structure presented in Chap-
ter I. In both cases the higher the level, the‘greater'the detail. However,
no attempt is made to cause level 4 of the engineering WBS to link with

level 4 construction schedules in the field.
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Pl

Levels of
Planning & Control

Basic Documents

. Description- and Use

Level 1

. Level 2

Level 3

Level 4

Project Summary Net-

work

Area or Discipline
Networko '

Engineering and Pro-
curement Schedule
Drawing Schedule
Fragnets

Material Control

-Reports

Summary of entire project
plan and schedule. Used
by Project Manager when
reporting schedule status
to client.

Semi-detailed summary of
each hnilding or area/major,
discipline. Used by Project
Engineer and Construction
Manager to provido ovarall
project visibility to
supervisors,

Detailed plan and schedules
for each discipline or
craft. Used by supervisors
to control the production
of work.

Detailed listing of deliverable
material and equipment. Used
by supervisors to identify and
account for deliverable items.

Lnput from supervisurs.

TABLE 2.1: BASIC PLANNING AND CONTROL DOCUMENTS
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2,2 Daniel Planning and Scheduling System

The following information is based on interviews and materials
developed during visits to the Daniel Callaway project site. The
,project is being eonstrueted for Union Power and is a Stan&ard Nucleaf
Unithower flant'System (SﬁUPPS) project with design being done by
Bechtel Corporation. The.levels of planning and scheduling interest
and reporting are as follows: |

| ¢)) Milestone Summary Schedule level

(2)e‘Pfoject Master CPM (Definitive) Schedule

(3)e IﬁtermediatefRahge-Bar Chart (3 month) Schedule

(45 Short Range Bar Chart Schedule |

(5) Process Project Werk Orders

The Milestone Summary Schedule includes major construction events

as well ae pfojected pre-operational acceptance, fuel loading, and
s&steh staft—up‘dates. The dates are'developed jointly by the Con-
stfuetion Manager and the Constructor (i.e., Daniel). This sehedule

| establishes the basic project objectives and provides'a basis for high
‘,1eve1 reporting ‘on construction progress. The schedule is usually main-
tained in a bar chart format and defines event descriptions apd dates

as well as major activity descriptions end durations.

The Project Master (Critical Path Method)* Schedule provides the next

level of detail below the Milestone Summary Schedule. This network schedule

identifies all construction and start-up work as - defined in the design

*The Critical Path Method will be referred to as CPM throughout the remainder
of this Appendix.
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doqumentatién and showé fhé logical relatiQnsHipvbetween ail work
écti?itieé.’ Theinterfacé between the construction netﬁork and the
design and procﬁrement networks is maintained manually.__The Architect~-
Engineer is feéponsible for identifyiﬁg drawings and releasiﬁg them in
time to support the poﬁsfructidn schedule. At the Caliaway project
‘this’ié accomplished using a.Bechtei develdped‘éystem calle& CEBUS,
The level of detgil in this definitive SChgdule is

}expénded as-aata becomes available. Individual'activitiés are estab-
‘lished based on the folléwing criteria:

¢9) Pﬁysically defined unit of work

) Singlel discipline within a defined area - -

(3)ArManagement accountgbility

(4) Compatibility with Cost Code System

(5)A'Packaging to retain continuity
fhe total size of this network ranges between 3 aml 10Atﬁ§u5and
xactivities. iThis sche&dle provideé a basis for the 3 month Intér-
'mediate Range Bar Chart Schedule (IRBCS). It also establishes the
primary ffamework within which,design, procurement, and test activities
must.be ultimately goordinated. |

This schedule is processed automaéiéally dsipg thé computer, The
CPM system used at the-Caliaway'job utilizes the PROJACS procéssor. The
following info;mation is réﬁuired for network specificationfand is
 typical of CPM processors in general:
(1) Activity Code and Description

(2) Activity Duration
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3 Calendar and Work Week ‘Specification
(4) :Activity Progress Status .
(5) Activity Early Start and Early Finish Information
(6) Activity Late Start and Late Finish Information -
() Organizatioh Code
(a) Area/Building/Elevation
(b)' 6rganizatipnal Responsibility
(c) Discipline
(d) Account Codes
User feports generated by the system include:
(1) Séheduie Repofts
(2)' Work Status Reports
(3) Exception Reports
(4) Resgurce Utilization Reports
(5) Schedple Analysis Reports

() Milestone Reports

The Inte;mediéte'Range Bar Chart Schedule (IRBCS) is used to
schedule over‘a 3 month period. fhis schedule breaks the CPM activities
defined in the Project Master (Definitive) Schedule into controllable,
single responsibility wo;k items. The IRBCS' is totally derived from the
‘CPM master and.is used as a basis for updating the CPM project master
schédule. The IRBCS is a manually prepared and updated bar chart,
Daniel top level manageﬁent.review the project status-as reflected in

the IRBCS on a monthly basis.
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Data utiiized in theldevelopment of this schedule include:
¢D) Work Item Deséription

(2) Work Item Percent Complete

3) Projectéd Wérk Item Completion Date

(4) Work Item Quangity

(5) Work Item as a percent of total CPM master activity
(6) Quantify installed té Date | |

(7) Work Item remaining duration

'Thé Short Range Bar Chart Schedule (SRBCS) is one level of detail
below the three month sghedule. This schedule serves as the Basis fpr
daily and‘weekiy craft meetings. Each task on the :schedule is the respon-~
sibility of a single fdféman who is held accountgble.for its satisfactory
completion. This schgdﬁle‘is prepared-and updated'maﬂually'within the
ffamewofk established by the IRBCS. This schédule pravides a source of
data for -updating the IRBCS and a basis fér field status repofting. vata
_ required for generation of this schedule.includes:

(1) Time Frame covered by SRBCS

(2) Work Zéne and Area

3) »SuperVisbr‘s Name

4) Task_Descripfib#

(5) Assignéd Foreman's Name

(6) Average Number of Men Kequired

The Daniel Wofk Order System is constructed afound a Work Order

Package which consists of several CPM master schedule activities. The

work order package defines a unit which is common to both the Cost
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.Accounting system and the Project Master'(Definitive)A$chedule. This
unit provides a uniform method éf monitoring estimatés, schedules,
drawing releases, material requirements, and Quality Control requirements.
Acﬁivities within the work order are man—léaded and a composite manhour
curve is genef;;ed for the package. Actual manhours are collected and
plotted against the composite manhour figure. Work order status is up-
dated from the SRBCS. Manhouf estimates are generated by the.estimating

section. A work package release sheet is shown in Figure 2.3. Before
a work package can be released the following information muét be avail-
able:

(1) Statement of work

(2) Projéct breakdown structure relationship

(3) Budget

' ('.4) ' Schedule

(5). Design docuﬁents

' (6) Cost account code

@) fRequnsible organization/individual .
The unit of worklacﬁually released hy tﬁe project office is the work
package and it is‘generally released to a functional fiéld organization.

Input informétioh from other Qfganiiatidnal units to the following
questions mqsf be developed: |

(1) 1Is the magerial'available to start w6rk? -Material Controi/

Quality_ Control
(2) Are the enginéering and vendor drawings available? -Engineering

(3) 1Is the manpower available? -Construction
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PROGRAM TITLE

| TASK TITLE CHARGE ﬁo._ ,

TASK LEADER ___ L ACCEPTED BY DATE
_GROUP OR DEPT. . " - SUPERVISOR APPROVAL _____DATE:
PROGRAM MANAGER _ AUTHORIZED BY __ DATE

TASK: .
 SCHEDULED START | ~__ DURATION OF'EFFORTf
.DESCRIPTION'

' END REQUIREMENTS :

BUDGET:

LABOR HOURS ‘ . OTHER DIRECT (MAIERIAL, TRAVEL)

WORK PACKAGE COMPLETED:

— HOURS EXPENDED DATE COMPLETED

FIGURE 2.3: WORK PACKAGE RELEASE SHEET
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:(4) Is the eqﬁipment available? —ConstrﬁctionA
(5) Are thé-procedures available? -Quality Control/Quality As-
surance, Engineering/Construction QA/QC"
(6) Hés'the budget been established? ~Cost Control
) }Whe@'is the activity scheduled to start? Cqmpléte? Schedulingi
(8) Have constrﬁction prerequisites been completed? —Constfuction/
.Scheduling -
(9) . Has the fate‘of progress (Sudget expenditure) been forecast?
Séhedﬁling/Cost Control
During the construétion and installation process, there may be O
several hundred work packages in process at any'particular time. Re-
ports indi¢atiﬁg which work package CPM ﬁastef activities are scheduled
to start within the ne%t 90 days as Qell as ekcéption reports indicating
thosé activities scheduled to start but'delayed are generated'to supfort

-the system.

2.3 ﬁechtel’Planning and Scheduling,Apprbach

The Bechtel planning and scheduling philosophy -‘is described in the
publication, "Power Plant Cons£rﬁction - Planning:and Scheduling Proce-
dures.'" The concepts out1ined in this feport are primarily oriénted to-
wardS'scheduiing of construction although Bechtel also opérates as a
design—cqn;tructor.. The system defines five ééheduling functions requifed
to implgmént a construction control environment:

1) Developmentiof Pr&ject Master Schedule

(2) Development and Maintenance of 3 month schedules
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(3) Préparation_bf Three Week and Daily Schedules -
(4)3 Progress Monitoring | |
'(5)_‘Maiﬂtéhéﬁce of Project History

Tﬁese functions imply-three scheduling 1eveisi

In the development of the Project Master Schedule, a central |

'planning group"is-responéible for establishing conéensus.between

Project Management, Engineering, Procurement,uConstrudfién, and Start-
Up. ABased énlinpué ffom each of these egtities, Central Planning pre- -
pares a Project'Milestoﬁé Schedule similar to the one shbwn‘iﬁ Fig-

ure 2.1 which prévides the basis for the. Project Scheduliﬁg Sys;em to
be used on site. The Pﬁoject Master (Definitive) Schedulé is derived

from the Milestone Schedule. The Project Master Schedule is a network

'representatioh'of the project and a standard CPM processor such as

IMPERT or PMS IV is used for processing of update information and gene-

ration of reports. Typical reports include:

(1) Milestone Summary Schedule

(2) Critical Path Print-Out

‘(3) Procurement Status Report

(4) Bulk Quantity Installation Rates

(5) Preiiminary Craft Manpower Curves

(6) Quantity Estimates 4

(7) . Scoped Piping and Instrument Diagrams (P&IDs)
(8) Stéft—Up Schedule

)] Indices (Circuit Schedule, Raceway Schedule, eté.)
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All of the above reports are not producéd within thé planning and
scheduliné'fugction. " They are, however, processed by planning:and
scheduling and bécome'part of ‘the package to be fofwarded to the field
fof‘use in prépariﬁg detailed site schedules. ‘

A ‘Thé field or site team develops a th;ee_month projection of work

based on the Project Master Schedule. This Three Month Construction

Schedule by physical area and system (e.g., Turbine Building, System P17)
is producediin suffiéient detail. to support the following site functions:

(1) Procuremeht

(2) Detail Work Sequencing

3) Subcontract Coordination
The schedule‘forms the basis for the daily and weekly schedules and
is subject to the review of the craft éuperintendents For verification
of dp:ations, logic and manloading. Field engineering is consulted to
establigh material availability. Utilizing data from the COﬁputerized
Master Schedule, this schedule is manually developed.-

Within the confines of the Three Month.Schedule, the area planner
.devélops a detailed level of work logic and durations. In addition,
he estabiishes equipment requirements,lshortage lists, as well as hoids

and restraints for the next three week period. Progress against the

Three Week Schedule 1is reviewed on a daily basis. Both the Daily

Schedule and the Three Week Schedule are subjecf to the review and
approval of Field Engineéring and Craft Supervision. The Daily Sched- -

ule provides the basis for the Daily Status Meeting. Data required

for the generation of the three week and daily schedules include:

51



(15 Three Moﬁth Schedule
-(2) Equipment Status
11(3) Materiél Status
- (&) 'ﬁféwing Status
(5) Hold Status
'This-scheddle is manually generated in a form to be.utilized at the’
c;aft level. |
-Thg érea planner moniltors progress by collectiné summaries of
ins;alled quantities,ffom Field Engineering. The actual field quan~
tiﬁies.ahd manpowér figurgé are compared with the prdjected values.
An evéluétioﬁ'of pfo&ucfivity is available utilizing'a spread‘sheet.
Iﬁitially, spreéd sheets are prepared by area. Approximately six
vmonths4prior to system turnover for test, these sheets are recompiled
b& start;dp system. The spread sheet is designed to estabiish the
following4information:
¢9) Quan;ity Scheduled per Week
(2) éuantity Installed per Week
(3) Tbtal'Quantity Required
(4) Total Installed to Date
(5) Total Rec‘eived to Date
>(6) Quantity,Ahgad or Behind Schedule to Date
(7) Allowance fdr Recovery of Schedule by Adjusting Installation
Rates and Manpower
Approximately six weeks prior to system turnover, a "punch".list ié

developed which includes all remaining construction items. Progress
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is then monitored oﬁ each item individually until the system is
comple;e for turnover.

Field Engineering is résponsible for the accuracy'pf the quantity
estimates and verifies thét material has been purchased. The reporting
~of instélled quantities is the responsibility of the Craft Superintendent.
Records of installed quantities are maintained by Field Enéineering. The
area planner has the responsibility of advising the Project Office of the

effects of schedule delays.

The field planning group has the responsibility for maintenance of

project history. This is accomplished by documenting actual progress in,

terms of én."As-Built" Schedﬁle. This schedule is developed using the
Project Master Schedule by hoting actual durations and "as-built" logic
on this schedule. In addition, the following information together with
its'impact‘on schedule is recorded: | | A

(1). Material Delays

2) S;rikes or Shutdownms

(3) Shift work

(4) Extended Work Weeks

(5) Weathef Conditions

(6) Engineering Delays

¢)) Iﬁnévations enhancing productivity

(8) Outside agency delays
This projéct record is maintained maﬁually by project planning and receives

input from Field Supervision, Field Engineering, and the Start-Up group.
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"2.4 Planning/Scheduiihg ~ Southern Company Services

The following notes on the Southern Company Services approach to
planning and scheduling of -engineering effort were extracted from a
series of interviews and notes obtained during a visit to the Birmingham

of fice of Southern Company Services.

2.4,1 Network Development °

The Design Scheduliné group receives a list of "Interface Activities"
from the Constructioq‘éﬁheduling group. The early start dates for these
éétivities est;blish‘the site required dates for:procurement and design
information. The.design.effort is then modeled by about 5000-6000 ac-
tivities covering the transfef of information within the design effort
trather than the physical products of the design effort - drawings, specs,,
etc.). The CPM network is segregated by discipline and covefé only the
Idesign effért being done at Southern. Vendor design efforts are Lled
"to the project network using interface ;vents. The CPM for désign ié
developed independently from the CPM for procuremenf and the CPM for-
construction. Each CPM is d&ne using precedence logic. The networks
are proceésed separately using the Project 2 Network Scheduling package.
Once}érocéssing is complete,.interfacing'between tﬁe two ﬁetworks is
accomplished manually. The design CPM is used to ﬁonitor design progress,

.and prepare variance reports.
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2.4.2 Develop and Code Resource Estimates

Manhour estimates for engineering effort are developed describing
the work in terms of work paékages (see Chapter 1). These work packages
are defined both in terms of construction and engineering work elements
(engineering logic networks and Schedule Activity Codes). There are
about 2,500 activities that have estimates associated with them. These'
estimates:caﬂ be segregated into drafting and engineering manhours for
each of seventeen_diffe;ent disciplines. ‘Actual maﬁhour expenditures

are collected by work package and compared to projections.

2.4.3 Controlling Domestic (Southern) Drawings

The_prbject planner is responsible for collecting the input sheets
listing the specific drawiﬁgs required from the appropriate design mana-
.gers. A d;awing list is compiled by responsible project engineers. Each
drawing has three ASSOciated dates: The forecast/actual finish date,
the réquiredjfinish date,‘énd the transmittal date. The source of the .
"requiréd“ date is the construction schedule. The éource of the "forecast/
actual" date is the design schedule. The drawing file is updated on a

per drawing basis.

2.5 Planning/Scheduling - Duke Power Company

The following notes on the Duke approach to planding were extracted
from a series of notes and interviews obtained during visits to Charlotte
and the McGuire Nuclear Station construction site. This information

emphasizes the use of the scheduling network as a-construction manégemenf

55,



tool. This is in contrast to the previous section on the Southern Company

which emphasizes.the use of the network in controlling the engineering

effort only.

2.5.1 "Long Range Pignning

'Thé project 1s defined in terﬁg of a 1ist.of mahageable tasksh
(systens, struCturés, llceuslog, ete:). ‘Eﬁch‘task'for whicb enquipment
must be procured is identified iﬁ terms of the equipment{ quantity,
reséonsibility, and location. The staré,.finigh, and dur;tion.of each
construction task is identified by the Planning Sedtion in the Coﬁstruc—
tion Division. The start, finish, and duration of the design effort
necessar& to support the construction effort for eacﬁ is identified
separately by the planning section in the design division. The two
estimates are then manually interfaced to form an Integrated Project
Schédule (IPS). The IPS provides the basis.for coordination of design,

procurement, construction, and test schedules.

2.5.2 Developmenf and Mainﬁenance of Working Level Schedules
-="IPS Level |
The prima¥y purpose of the IPS 1s to coordinate the degign and
procurement efforts such that the needs of construction are satisfied.
Each design task is defined in terms of the following:
(1) Activities - Work on a task by an organization within the
scheduled start and complete dates of the task, |

(2) Milestone - A specified pilece of work that is to be finished
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~ by a scheduled date.

(3) Requiremgnt - A request‘for information, etc,, needed by a
orgaﬁization to éﬁpport the completion of an activity.

(4) Cbmmitmenf - A "requirement" turned around and shown to the
organizafion responsible for supplying the information, etc.

The milestones are key events nbted over thelentire dﬁration of
thé task. Activit;es, requirements, and commitments are subordinate
to the milestones. Commitment dates are established to ideﬁtify
required issue;dates for drawings, purchase érders, and similar docu-
menfé. Activity and commitment reports are projected on é three (3)
month look ahead bésis every two (2) months. IThese reports provide the
basis fér systemétic review, st;;us, potential exception determination,
~and notihg chapges. All activities and commitments are updated by those
organizafions respbnsible_and checked by those organizations establishing
the reqdi%ements. Thé scoping and scheduling of work withiﬁ the aétivityA,
1s lef; to the_discretibn of the respongible o;ganization. The,complete-;
'neés,of the ehd'product is verified by the receiving organization.

Reéorts geﬁefatéd by the working level schedule include:

(1) Requirements vs. commitments

(2) Commitment Exception Report

(3) Activity Exception Report

(4) Commitment Critical Items Report
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2.5.3 Construction Schedule Productivity

The schedule for site work (at McGuire Nuclear Station for example)

is established on an area basis using a start and completion date and

.a given quantity of work to be performed. The start and'combletion

dates of an "activity" are input to the "MAPS" Program. As used here

an activity is a given function on a system within a given area (i.e.,

-piping—fire protection system—auxillary building). The quantity of -

work (pipe welds and joints) is established by the site planning. and

_ scheduling group. ' The quantity of work divided by the time available

equals the required production rate. Actual production rétes are

mqnitored against projected production rates on a weekly basis, The

required pfoduction rate is increased-or decreased based on the re-
maining time availaBle-vs. the remaining w&rk to be completed (i.e.,

a type of line leveling). The required production rate is multiplied
by a unit manhour factor and couverled to manning requirements. The
schedule is established assuming the availability of drawings and
materials. Exéeptions and bottlenecks are handled in the weekly status
meetings attended by craft foremen, field engineering, and planniné.
When a system is 95%vcomplete, it is dropped from the rate fabulation
program. Status is then maihtained on aﬁ item byiitem basis using a
detailed punch list until the system is comﬁlete and goes through check~

out and flush.
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2.5.4 Test énd,Start-Up Schedule

The test and starf-up sequence is modeled using a CPM network to
note the interdepéndencies of the system test sequencé; e.8., ﬁydro
and functional tests. This logic is prepared by fhe Construction Planning
Group working.with dates establishéd by the Operations Croup. The Opera-
tions Group (StarF—Up) uses a status board to note the expected start

dates of key test activities and their prerequisite system completions.

: 2.6‘ PlanningJScheduling - TVA

- The foilowing aiscussion of the TVA approach to planning and_
scheduling is basedlon a TVA publication entitled, "Tennessee Valley
Authority - OEDC -‘Projéc; Control" and a series of interviews with

planning and scheduling personnel in Knoxville.

2.6.1 Design Project Control

The design effort is’ managed and controlled seﬁarately from thé
construétion‘effoft‘becaﬁse the structure and flow of work differs:
The interface‘point betﬁeen:the two areas is established at the activity
level. The:first step in initiating a project is the deﬁelopment of

Conceptual Studies. ' Once the need for new capacityrhas‘been‘identified'

by ;he Division 6f Power Resource Planning, the Project.Contfol staff,
along with Cost and Estimating sections énd the Design Division.branchés,
have the reéponsibility for examihing viablé alternatives by comparihg
designé, schedules, énd estimates. Bofh the desirable and undesirable

features of each alternative are noted in a report to upper management
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to assist in fine1>selecrion..

Once the project go—aheed has been‘given, a project'teem is
formed within’the Division of Engineering Design to control project
plannrngjand scneduling. This group identifies various engineering,
design and prpcurenent activities required to cemplete the project.
:These'actiViries ere'then brOken down into tasks enCh es preparation
fof'englneerlno draw1ngs, criteria documents, and procurements.

'These networks con31st of about 5,000 activities with about 3-4 ‘tasks
per activity. Estimates of manhours are prepared fer each task and
dnratione are assigned ro eaeh activity. Activitres are then related
Iogically by determining information prerequisites. The reeultiné
activity networks are then. processed using an in-house program called
PC III.

The Network Report is the basis for a series of "Activity Produe—
rion Reports" where a comparison of actual vs. planned progress is made
relative to a reporting period within the schedule (data date). Progress
on the design'effort is established based on the'subjeetive judgment of
the line supervision (Division of Design Engineering). These production
reports are broken dqnn into ten informa;ienal levels that range from
complete detail to a three line summary for the'entire project. The
hignest summary lenel groups design drawings and documents; NSSS, and
.procurements.

Successive information levels are as follows:

) Engineering Organization

(2) Engineering Organization ~ Discipline*

*This level is used by the Branch Chief, the Project Manager, and the Project
Engineer. :
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(3) Building or Area

(4) Project Activities (i.e., groups of drawings)

(5) Drawing/Purchase Order |

6, 7, 8)"Levels reserved from special sorts

(9) Task
An estimate of the manhours required to complete each task is made.
The utilization rate is app?oximated by selecting one of nine curveé
which is fitted to the task duration.

The “Activity Production Reports" include the following formatted
- output: | .
(i) Design Productivity/Bar Chart
(2) Duration Update Report
(3) Activity Prodﬁction Report
(4) Manﬁour Exception Report

(5) Trend Analysis Report

2.6.2 Construction Project Control

The construction effort, while postdating the design effort, provides
the basis fof schedﬁlipg drawing releases and procﬁremen; deliyeries.
The Division of Construction provides the initial projeét schedule‘which
in tﬁrn proﬁides the basis for all subsequent’scheduling efforts. There
i; a joint effért by the éroject control staff 6f the'Desigﬁ and Con-
struction Depa:tﬁents to monitor and coordinate work throughout the

project development cycle.
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The construction schedule is prepared through a series of sqccessive

iteratioﬁs. As the vendors are selected for major procured itemS'(NSSS),
general arrangement or equibﬁent drawings are prepared by‘the successful
bidder Qr by the Design'Diviéion (TVA). This information provides the
basis for identifying the basic work units or-pémﬁonents of‘the project.
These componentsvgre defined aé activities."fhere are approximately
'3000 cqnstruétion:aCEIVitieu identificd for a,nucleaf plgnt project.
Each activity can be subdivided into tasks (about seven per activity
onAthe’average). The aétual schedule or network is develope& on the
basié of the activities. Aé detail design drawings-become available,
the structure of activities and tasks that make up the construction

schedule is refined.

2.6.3 Constructidn Productivity Monitoring

Duriﬁg the process of déveloping the construction schedule, estimates
of manhoﬁrs and méterial quantities are made for each task. These esti-
mates are used élong with historical productiﬁity rates to establish the
validity of the duration assigned‘to the éctivity.‘ These quantity es-
fimates afe spread over the:duration of the activity ﬁsing one of the
nine standard curves that best approximate the #tilization of the partic-
‘'ular resource for a particular task. Oneé a distribution is,selécted for
a givenAtype of task (e.g., pipe installation); the same curve is used
fbr all tasks of the same type. The assignment of prodﬁctivity rate
curves provides a projection 6f érdductivitY~and forms a basis for pro~

ductivity feporting and evaluation. The production and collection of
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resource utilization is broken down into the following levels of

informatioh summary:

5}
)

(3)
(4)
(5)
(6)
i
(8)

9.

Total project

Unit number

Major project.feature
Epgineering discipline
System of each discipline
Activity

Sort

éort

Tasks

The basis for collecting and summarizing planned and actual progress

up thrbugh this hierarchical information structure utilizes the relative

number of manhours-assigned to each task times the actual progress for

the task measured by actual quantities installed. The Productivity Report

forms the bésis for Cost Control. Reports generated by the system in-

" clude:

(1)
(2)
(3)
(%)

(5)

(6)
(1)
(8)

LéborvProductivity Bar Chart

Manhour History Report

Unit M;ﬂhour Rgport
Duraﬁion Update Report
Activity Production Report
Exception Report

Overview of Project Status

Two Week Look Ahead - Schedule Tasks
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9 Weekly.Progress'Report

(10) Trend Analysis

" 2.7 Planning/Scheduling - Commonwealth Edison

The role of planning‘éﬁd scheduling relative to project éontrol
begins by:developing én initial Milestone Sche&ule. Thisveffort consists
of butliﬁing 20 or 30 key events throughout the project with heavy em=-
phasis on the early'years. This is phé highest 1evél of summafy'sched—
ule aﬁ& is develbped as early as possible. 'Thislschedule serves as the
basis for deﬁelépiﬁg more detailed schedules and for reporting status to
upper management.

Using the Milestone Schedule as a base, a CPM net of approxiﬁately
iOOO activities is developed. This net reflects predominantly construction
activities. Its purpose is to establish demand dates for design and pro-

‘curement and.to provide an outline of schedule requirements to construc-
tion subcontractors. .This schedule 1is actually‘developed over the life
 of the project. During early phases of the project; the schedule has

a high level of detail in the early activities and_only a gross.level.
of detail in later activities. As work prograsseé, more detail is added
and the labor activities become mofe precisely defined. This leads to

a rolling wave increase in detail as the project progresses. |

The schedule covers the entire project, but is reviewed by upper
management on a three (3) month look ahead basis. Each construction sub-
contractor is responsible for developing his own schedule which is tied

manually to the Master Schedule (most use the same CPM processor - PMS IV).
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Design and procurement efforts are not covered by the CPM. Although
the CPM network is the one most important item produced by the pro-

cessor, most reports issued to users are in the form of bar charts.

2.8 Planning/Scheduling - Westinghouse

Jihe following notes were preﬁared from some system descriptions
and.prbcedures issued by Westinghouse in its role as Lead Reactor
Manufécturé; on the Clinch River Breeder Reactor Plant project. From
the‘vendor'sipoiﬁt of view, four functions are considered during plan-
ning and scheduling:

'(l) Project level definition

(2) Préparation of NSSS schedule

’(3) APreparafioﬁ of intermediate level échedules

(4) .Development of work package schedules

(5) Analysis of progress

2.8.1 Project Level/System Scheduling

The Project Maéter Schedule (Level 1) is a high level schedule for
building construction and for major component design and procurement.
It defines thé fabrication schedules required to support the construction
schedule. Tﬁis échedule is not segregated by work packages or participants.
It is’prepéred by the Architect/Engineer and approved by the.project office,
This schedule contains NSSS milestones submitted and agreed to by the
Lead Reactor Manufacturer (LRM). These miies;ones represent contractual

obligations and require the approval of the project office to change.
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2.8.2 NSSS ‘Schedule

Thé NSSS schedule includes all elements of the projeqt work
breakdown structure that are within the Lead Reactor Manufacturer's
- (LRM) scope. The NSSS milestones from the Léyel 1 schedule are included .
as part of the NSSS Schédule; This schedule ideﬁtifies NSSS control
milestone;. These dafés repfeéent dates that ha?é‘to be met in o;der
to insure completion of the contraer milestoues aud are the regpoén= - -
sibility of the LRM; Both the Project/System and NSS8 schedules arc

processed ﬁanually.

2.8.3 VInterme&iate Level Schedules (Level 2)

‘These schedules .are maintained for systems, subsystems, and
components that fallvunder the LRM's scopé. These schedules are
oriented to elements of the contract work breakdown structure for
performance measufement and reporting. The types of activitieg de-
picted on Level-é scheduleS'inlude.desigﬁ phases, design reviews, tech~
nical documentation, procurement chains, fasficatipn releases, fabrica-~
. tion phases, component site deliveries, and componeﬁt system interfaces.
Events and activities are updated monthly. These schedules are processed

using the PMS IV network processor.

2.8.4 Work Package Schedules

The work packages fepresent the lowest level of work scope for-
which schedules are developed. Work package milestones represent physical

accomplishments and are discrete and verifiable tasks. Work package
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milestones identify completed work for whicﬁ eérned;monies are célcu—
lated. The work package schedule is subordinate to and supﬁorts one
Level 2 schedule. Work package schedules are reviewed every three

"months and project work for the next niﬁe months. They are also pro-

cessed using the PMS IV CPM program.

2.8.5 Analysis of Prqgress'

Milestone (eveht) status is summarized, reviewed, and analyzed
as part of the schedule update process. The following levels of mile--
- stones ére considered:

(1) Majbr project miles;ones (Level 1 schedule)

(2) -Top logic milestones (NSSS milestones)

(3) Summary logic milestones - All top logic milestones plus
Pﬁrcﬁése Order placement énd delivery dates for major items.

(4) Control milestones - All summary logic milestones plus those |
dates neCéssafy'to cont:ol procurement placements,‘equipment, and con-
struction package deliveries.

Control milesténes which are of interest includé:

(1) Conceptual Design Release

(2) ‘Preliminary bésiéﬁ Release

(3) Final ﬁesign Release

. (4) Equipment Specification Release
kS). Purchase Order Placement

(6) Delivery dates - material or components
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Network:logic orients the above mentioned events‘in térms of
preéeder and successor relationships and. time sequencesithe activities
necessary to'comélete each milestone, The updating of thé LRM schedule
is done joiﬁtly with all organizations supporting ﬁhe manufacturing
précess (Wéstinghouse —.LRM, Westinghouse - Advanced Reactor Division,
éeneral Electric’Compaﬁy, etc.), on a'monthly basis. The resulting
reports include Contrdl Milestone, Status, Schedule Narrative, and
PréblemAAnalysis. The schedule reporting and analysié is done jointly
wifh the costlreporting and analysis repofting. It is based on the lowest
level of the work breakdown structure and the cost account (which con-
sists of a grouping of work packages). This is the level where the
actual cost of work performed is compared té the budgéted cosﬁ of work
performed and the budgeted cost of work scheduled. A variaﬁce anélysis
is prepared based on.the‘comparison of these numbers. Cost and'sched-
ule comparisons are additive up through the hierarchical atructurc of
~ the sche@ule. Va?iance reports are also summarized up through the

hierarchy in the same way. Monthly meetings are held by the Project,
Manager to review the.status of schedule (and cost) performance, the
status of'participaqt interfaces and commitments, and to identify any

corrective actions required.
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CHAPTER III

Computerized Network Processors

3.1 Introduction

The planning and scheduling systems deééribed in the previous
'chapter depend upon computerized network processors to handle the
calcuiation of lafgé definitive level schedules.: Since the inception .
of the Critical Path Method (CPM) as a sche&uling ﬁool, a large number
of suc£ procesSofs have been de&eloped to implement a wide range of
schedulihg,features. The complexiﬁy of nuclear power plant constrﬁction
has led to networké ranging in size up to 30,000 activitieé. Many
processoré are not capable of han&ling such large networks or are very
inefficient. Several process;fs have established aAhigh degfee of
-utilizatidn in the'nuéieaf power construction field»due.to their ability
to process lafge networks éfficiently and provide a wi&e range of-sched-
uling reportsf This chapter will diécuss six‘ofAfﬁésé processors, as
féllowsi‘v

(1), PROJECT/2

(2) PROJACS

(3) MCS

(4) MSCS

(5) Premis
(6) PMS IV |

These systems are representative of those being used on nuclear projects.

They also incorporate features which management has found to be desirable
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for planning and scheduling as well as cost and cash flow control.

The following chart indicates some of those features and provides a

basis for comparing the various systems. It also shows at a glance

the capabilities'andvéome of the technical specifications given for

each system.
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TECHNICAL
FEATURES

EVALUATED SYSTEMS

PROJECT-2

PMS TV

IBM
PROJACS

NETWORK PRECEDENCE AND | ARROW, PREC. ALSO PRECEDENCE AND
DIAGRAM ARROW (PDM & ADM) | AVAILABLE ARROW
NO. OF ACTIVITIES LIM.
NUMBER OF 15,000
PRt 32,767 BY MACHINE CONFIG.
NUMBER OF RESGRRCES| 18
PER ACTIVITY NQ LIMIT (w/o altermtives -25) 32
MAXIMUM NUMBER
OF RESOURCES NO LIMIT 32,767 500 (25 GROUPS)
MILESTONES . NO LIMIT 32,767 /per level NO LIMIT
START/FINISH ‘ .
o s oLy | Mo tmz MULTIPLE NO LIMIT
N MULTIPLE CALENDAR 2 CAL. (COST MODULE) .

CALENDAR CAPABILITY 1 CAL. (SCHEDULE) 8 CALENDARS
NUMBER OF WORKING
DAYS PER 15 YEARS
NETWORK

27 DIGITS OF |13 SEP.CHAR.-RESP.COIES ORGANIZATION TABLE
gggggNSIBlLITY RESPONSIBILITY | 16 SEP.CHAR.-ACCT.CODE.| 500 ORGAN. CODES

CODING 16 SEP.CHAR.-CONTR.NO.| 4 ORGAN. CODES FOR

| ONE ITEM

NUMBER OF ,
UMD O 1ps UNT.IMITED NO LIMIT 30, 000
PRECEDENCE REL. |
START - START 8§ [ oo op g S, SE, EE, ES SS, SE, EE, ES

START - END SE
END - END EE

HAMMOCK ACTIVITIE

ANY NUMBER OF

NETWORKS COMBINATION

500 NETWORKS

éﬁ?&ﬁ;ﬁfVEL PROJECTS/SUB- | SUBNETS EQUAL TO 50 NETWORKS FOR

NETWORKS 1,000 HAMMOCKS RESOURCE ALLOC.
COMPUTER IBM 360/370 WITH IBM 360/370 0S IBM 370 DOS/VS
HARDWARE 360/40 MINIMUM :

REQUIRED CORE

.208 K - 1,000 K

66 K COST PROCESSOR,

NETWORK PROCESSOR

96 K

H
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EVALUATED SYSTEMS

TECHNICAL
FEATURES MSCS CONST. MGT. SYSTEMS K& H .
' MARK II (MCS) PREMIS
NETWORK PRECEDENCE AND ARROW ARROW, PRECEDENCE . |ARROW,
DIAGRAM (PDM & ADM) PRECEDENCE
. PDM - 64,000
NUMBER OF PDM - 60,000 ’
- I T
ACTIVITIES ADM - 42,800 30,000 ADM -~ UNLIMITED
NO. OF RESOURCES ' .
PER ACTIVITY 12 10 2200 4
-
MAXTMUM NUMBER , ' NI
OF RESOURCES 150 99 NO LINIT
MILESTONES NO LIMIT 30,000 NO LIMIT
START/FINISH
ACTIVITIES (No.) |  No LIMIT NO LIMIT
CALENDAR 1 CALENDAR 1 CALENDAR 38 CALENDARS
, HOURLY, DAILY, WEEKLY | 7 YEARS USER DEFINABLE
NO. OF WORKING 10 - 5 YEARS (6 days/w)
DAYS PER 12 - 6 YEARS (5 days/w)
NETWORK 15 - 7 YEARS (4 days/w)
RESPONSIBILITY 10 DIGIT VARIABLE 8 CHAR.RESP./LOC.CODE | USER
CODES CODE 8 DIGIT ACCQUNT NO. DEFINABLE
8 DIGIT PURCHASE '
ORDER NO.
NUMBER OF
BB R RSHIPS 60,000 - UNLIMITED
PRECEDENCE REL.
START - START SS |
START - Exp  sp | SS» SEs EE S, SE, EE, ES . ssésss, EE|
END - END  _ EE : ‘ A
13
HAMMOCK ACTIVITIES :
(MULTILEVEL MULTIPROJECT UNLIMITED NUMBER OF | UNLIMITED
NETWORK) CAPABILITY NETWORKS
COMPUTER IBM 360/40 OR 370/135 ‘ IBM 360/370
HARDWARE OR ABOVE IBM 360/370 0S 19

08/VS2

REQUIRED CORE

94 - 350 K

120 X




EVALUATED SYSTEMS

TECHNICAL

FEATURES : ' 1BM
1 ProJECT-2 PMS IV PROJACS
* L
4
RESOURCES ' - YES
DISTRIBUTION ' NO YES < 16 OPERATIONS
: : PER ACTIVITY
LIBRARY NETS YES (LIMITED) CAN BE DONE, NOT AVAILABLE, STAND.
STANDARD FEATURE ODULE FACILITY_
PLOTS , ' R ,
AVATLABLE YES (INDEPENDENT) COMMERCIAL PACKAGES FRAMED PLOT
AVAILABLE
COST COST INFORMATION COST
~ INTEGRATION | mcLupED IN cormioN SYSTEM HAS - COST  PROCESSOR
- ' DATA BASE MODULE : : AVAILABLE
REPORTS REPORT PROCESSOR WITH |GREAT FLEX. IN
' AVATLABLE 30 OUTPUT REPORTS BUILT IN HIGH LEVEL OUTPUT SELEC.
LANG., STANDARD REPORTS |[LARGE NO.REPORTS
" RESOURCES ' HAS RESOURCE ALLOC.
ALLOCATION YES MODULE YES
'RESOURCES . , .
LEVELING YES YES | YES
SPECIAL FEATURES | FREE FORMAT INPUT GOOD REPORTING CAPAB.
KEYBOARD TERM. INPUT | VARIABLE INPUT FORMAT
SIZE .OF ACTIVITY | 9 DIGIT/1 ACTIVITY 3 :
COLE | NUMERIC CODBS 10 CHARACTERS 10 CHARACTERS
SIZE OF COST. NO COST CODE 18 CHARACTERS N/A
CODE
PROGRAMMING
LANGUAGE BAL . PL/T.
SOURCE DOCUMENTS NOT AVAILABLE AVAILABLE ' YES
COMPANIES USING COMMONWEALTH ASSOC., | BROWN & ROOT
THE SYSTEM FLUOR PIONEER PMS
GIBBS & HILL, INC. | STONE & WEBSTER
GILBERT ASSOC., INC. | COMBUSTION ENGR.
UNITED ENGINEERS FLUOR PIONEER
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_ EVALUATED SYSTEMS :
TECHNICAL - - ‘ —
FEATURES » | CONST. MGT. SYSTEMS K&H

MSCS MARK II (MCS) PREML
RESOURCES : " NO NO ( STRAIGHT LINE), YES
DISTRIBUTION .
‘LIBRARY NETS NO YES YES
O ELE YES, COMPUNET . NO YES k
CALCOMP AUTONET §
|_f
COST VERY GOOD INTEGRATED | HAS COST MODULE ONE YES
INTEGRATION (COPES) TO ONE RELATIONSHIP
REPORTS 5 EDIT REPORTS USER SPECIFICATION OF | USER SPECIFIED
AVATLABLE 19 STANDARD REPORTS THE SCHED. REPORT TITLE} OR STANDARD
SPECIAL REPORTS AND CONTENT REPORTS
—XESOURCES YES, T30 RESOURCES ES
' ALLOCATION AVAILABILITY
| YES, AVATLABLE
RESOURCES - | > YES
EUBLING NO (DLTIPROJECT)
UPDATE REPORT, ACTION | RETORTING ADJUSTED BY
SPECIAL FEATURES | pRpORT (KEYPUNCHING) THE USER
SIZE OF ACTIVITY | 10 CHARACTERS ' '
CODE ‘ NUMERIC/ALPHA | 10 DIGITS 18 A/N
SIZE OF COST ' |
oot 8 ALPHANUMERIC
PROGRAMMING - | COBOL, FORTRAN, 9
LANGUAGE BAL FORTRAN BAL y
b
SOURCE i
D OCOLENTS AVATLABLE ‘
COMPANIES USING | BROWN & ROOT UNITED ENGINEERS &
THE SYSTEM BECHTEL CORP. CONSTRUCTORS RECENTLY
KATISER ENGR. PURCHASED MARK II
THE AUSTIN CO. VERSION FOR USE ON ALL
THE BADGER CO. THEIR POWER DIVISION _
A.G. McKEE CO. PROJECTS ;
PROCON, INC.
TISHMAN REALTY CO.
THE LITWIN CO.
P.D.M. STEEL
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3.2 PROJECT/2%

PROJECT/2 is a total software packagé for network based project
schéduling and control. Over 40 tabular and graphic reports cén be
produced to provide the specific infofmation needed by eéch level of
management within an organization. It has the capability to process
activiﬁy on arrow or activity on node networks using sophisticated
sched;ling algorithms. PROJECT/2 can be easily installed on most
hardware and has a user oriented free-format command 1anguage.A As a
scheduling tool, PROJECT/Z offers network plotting, CPM scheduling,
progress control, cost processing, resource ailocation and constraining,
and multiprojeét.features. A listing of the major processors and
their capabilities follows.

The Basic Network Proceséor takes the basic network data and
establishes the network logic. This Processor handles the project
taléndép,sﬁécifications, the expanded activity descriptions, and the
pode assignments. Using the Multicalendar option, as mény as 100
different calendars can be accommodated and séhe?uled within a
single network. quificationé to network 1931c are handleg by this .
Processor. | | . ) |

The CPM Schedule Processor calculates and displays both'the Basic
Schedule, a critical path schedule based upon netwark loéiq, and the |

Current Schedule, a.critical'path schedule that considers actual progress

*Material contained in this section is based upon and/ox excerpted‘froﬁ
"A System for Network Based Project Scheduling and Control" by Project
Software & Development, Inc,, 14 Story Street, Cambridge, Mass. 02138.

75



to date as well as the network logic. This Processor also produces
input forms for updating, lists activities that must have action between
spec1fied dates, and produces many types of schedules and bar chart
reports. | |

In the Target Processor, after a Current.Schedule ﬁas been cal-
culated, it may be compared to a variety of other benchmark or Target
Schedules.‘ Up to bU user~detinéd ‘larget bchedules may be retained and
compared to the Current Schedule, ‘either by activity or by summary group.
Target Schedules may be produced in tabular or bar chart formats. The-
Targethrocessor also produces a list of activities targeted for action
as of a specified date.

The Resource Allocation Processor assigns resources to activities
and'distributesireSOurces over schedules. An activity can have any
number of-resources assigned to it, and a resource uay be assigned to
any number of activities. Resource allocation reports may be generated
project-wide, by activity, or by resource. Distributed resource usage

(cumulative or time interval) is output in tabular and/or graphic format.

The Cost Processor handles all data related to the input, calculation,

/and output of project costs. It generates cashflow histograms and cumu-

ldtive S-curves over the project schedules based upon estimated and

zactual cost. It can compare the'Latest Revised cost to the project

Budget in detailed or sumuarized forms. The Cost Processor can .also

produce Earned Value reports based upon progress and a payments schedule.
The Resource Constraining Processor computes and saves up to 50

schedules based upon resource limitations, time constraints, and activity
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resourcé,allocations. The scheduling is performed via a dynamic
user-controlled prodedure resulting in a most economical gse:éf com-—
puter time. Resource Séhedules can be displéyed or séved as Target
Schedules.'

The Multipfojecthrocessor combines the Data Baseé of two or more
separate projects into a'Multiproject Data Bése. The Multiproject Pro-
cessor can p;o&uce all of the standard PROjECT/Z réports for the com-
binedAMuitiprject and balance .resources over all projecfs. " In addition,
it can transfe;.Mhltiproject Resource Constrained schedules back into‘the
Data Bases of -the individual member projects..

A PROJECT/Z's Network Graphics Processor produces plofter-dfawn net-
work diagrams. Only threelcommands are necessary to output your stored -
data as a plotted network. Many options, including activity selection,
paging by codes,'time scaling, and control of sheet size and relative
1océtion 6f.activities on the plotted pages via zoning, are available.
Milestones are indicated by special notations, and critical paths can
be highlighted in red or with double lines. | |

' AThe systemearameters of PROJECT/2 show its versatility and uée—
fulﬁess as a ﬁianniné, scﬁeduling, and management tool. In plottingA
and scheduling ﬁétworks it éan handle up to 32,000 activities with no.
practical 1imit on the number of relationships at the aétivity or net-
work 1e§el. For'activity identification, PRbJECT/Z uses 9 numeric-
characters rather than alphanumeric idehtification, whichimost of the
industry has preferred. Tor activity descriptions, 48 alphanﬁmeric

characters are allowed with unlimited spﬁce for sublistings.‘ PROJECT/Z"
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_an input. Somc other features are an open end detector with automatic

~also has a one calendar per project cépability with time segments

being in hours, days, or weeks.
The inputs on the PROJECT/2 system are very simple. In addition

to free.format commands, the system has the capability to verify and

‘run a feas1b111ty check on all 1nput statements. There is also a

user deflned error override that gives a listlng of all errors in.
closure and listings and a multiple loop detector that isolates éach
ioop.

The PROJECT/Z system has a multiprdject capability of an un-
limited scope; .Ail outputs and reports enuserated under each pfocessor
are aQailable fot.each project or for the total.

PROJECT/1 ﬁas the parent program for PROJECT/2 and is basically

identical to its more versatile and expanded successor.

3.3 PROJACS*

3.3.1 General

‘Limited manpower, expedited requiréments, cost controls, shortages
of resources, and energy limitations have all increased the‘need for im-
proved and sophisticated Planning and controlitools for project manage-
ment. Régardless of the size of the construction project, the project.'
managers must plan the activities, assign the resources, and develop the

schedule for the job.

ﬂﬁaterlal contained in this section is based upon and/or excerpted. from

MIBM System/370 Project Analysis and Control System," General Information,

#GH19-1055~1
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The IBM program;PROJACSr(Project Analysis and Control System) hés'
been selécted by many consttﬁction companies to heip prpjéct ﬁanager; '
§erform‘more.éffiCieﬂtiy,'with greater control of the wholé project.
Though éophistiéated,‘thé system is easy to use, quick to operate,
aﬁd'flexible in providing the manager jus? the information he needs
-in an easy‘to read report. It is presently being used on the Callaway
Nuclear Sﬁation; two SNUPPS units being constructed by Daniel Inter-

national Corporation.

3.3.2 .Adyant#ges of PROJACS Scheduling
'Tﬁe priméry advantage of computerized scheduling is tﬁe speed'énd
accqrac& in proqessing the massive number of.calgulatioﬁs necessary
Aand the_flexibility of the reporting of the results to provide the
managers é; various levels only the inférmation they require to
berform'their fﬁnétions.
The system provides many features, such as:
(1) A convenient set of forms on which to collect and sﬁbmi; data.
(2) Accurate and rapid calculations of dateé, floats, daily re-
source requirementsL |
| (3){ A higﬁly flexible report processor. frovided are a basic
set of standard feports plus the ability for the uéer.tp f&rmat hi§
own reports. | |
(&) 'SQQth the dates and tloats from 6né analysis to be used in
comparison. with results from later analyses. “

(5) True ekceptioh rebbrting by selecting the activities whose
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start dates, durations or floats have deviated in excess of some
specified yalue.- . B TN

‘(6) Ability to update the network rapidly; ailowing theAmaﬁager
to test the that‘if"tcénditions and see the impact this has on the
.manpower levels §r project'delay. This can-be done without affecting ,
the master schedule. “

'i(f) Up to 32 resoutrces can be allocated over all or any péft‘df
the duration of an activity. |

(8) With the addition of a resource rate table, cash fiows can -
be déterminéd by the quantity 6f resourc&;fequired and distributed
according to the projgct'séhedule. Provision is ﬁa&e in the fable'tb
.allow f;r eécélating rates.

(9) AA five tiered érganizational tree structuré fo'allow for -
sorting and selecting'of activities on reports by location, discipline
or other desired breakdown. |

(10) Backward calculation from a required completioh date to the

start date.

(11) Time now feature processing to aid progress réporting.

(12) User specification of new report formats without reprogramming.

(13)‘ Library of standard networks ana/or subnets.

(14) Pfinter drawn plot of network.

(15) Eight different work week definitioﬁs and eight different
calendars to allow for\varying work weeks and‘hoiiday schedules by

subcontractors. .
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A key'éért of a project plan is assiéning resources to the project's
tasks. Ordingrily, resource requirements are ignoréd while the tasks
are developed: and éequehced. But once that part of the planning has
Been dohe, the resourceé'required by each task énd the tqtal resources
required by fhe pfoject can be identified. Ugually, the initial plan
may call for ﬁofe units of some resources than are available; The
.resourqe-éllocation modules of PROJACS can help solve these problems.

It can indicate the areas of resource contention and highlight them

for management. It can also make use of float,,éllowable delay of
4the end date, and additional resources that can be made available to
afrive atba "best" schedule, or to level the'resources ahd méet the
required end date of:the brqject. |

| It_ié recognized thatiactivities require certain amounts éf'various
resdurces'which ﬁay.be req&ired during a part or .all of the duration'bf
the activity. Some ﬁéjor‘resburces may be neeaed for the entire ddra-,.
~tion, some for‘only pért of it. Some resources may be overlapped.
In order to provide this flexibility in resource assignment, PROJACS
has introduced the conceptvof.the operation. An operation is defined
as an amount of work corrgsponding to a certain part of an activity.
An operatioﬁ is specified by identifying the ihterva; of time from the
start‘ofA;he activity to the start of‘the operation, and the duration
ofnthe-oéerafion. _Operéfions may start and overlap af will;

Up fo sixteen operations can be assigned to one aCtiQity. Each

operation can have one or two resources associated which are in use
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throughout ité dﬁratibn. Therefore, up to 32 resourées can be distrib-
uted over the duration Qf'the activity.

The oﬁerations are not taken into consideration during the network.
analysié an& calculétion. Tﬁerefore,'their start and finish dates are
computed with reference to the start date of the related activity.

An ope;ation is defined by an identification (activity code + sequence V
number), a description (24 characters), a delay and a duration (the . "_fm
combination of these two data items is called the operation span),

and-up to two resource codes and the corresponding amounts requi;ed ﬁo
perform the 6pération. If the resource is. of the carriedefOrwérd type,
the amount is specified as an intensity. The amounﬁ:corrésponds to a
permanent need.during the entire performance of the opeﬁation,-llf tﬁe
resource is of thé used—by—job type, the émoun; is specified as that
quéntity whiéh is consumed per work unit.

It has already been noted that the operation concept allows épec-
ification of the way various resources are élanned for an activity. Some
other interesting facilities are provided by the iﬁtfoduction of this con-
ceét. Some activities can cause resource generation; for‘example, an
activity which corresponds to the manufacturing of pipes will'gene:ate
a given amount of the resource called "Pipe." This resource will be ' i
used by other gctivities cqrreSponding to éipe—fitting. This. facility,
used later on-by the Resodfce Allocation Proceésor, 5llows solving‘some
scheduling probléms which could not have been sélved préviousiy.

Within each activity,.certain operations can be specified as

alternates in case of resource shortages. This other facility, used

82



_1ater'on by thelResource»Allocation Processor, allows simulating
. various sitoations. If a gisen operation cannot be performed on time
because- there are no‘ available resources to do it, the operation may
be repiaced by another operation using different resources, or greater
duration. |

| InStead of the two resource requirements, the operation can specify
a gronp requirement; thisimeans that the operation requires a certain
oamount of any one of:the resources making up the group. This feature
isAuseful for the Resource Allocation user. The Resource Allocation
" Processor will select one individual resource from the group based on

some priority rule such as least used resource or most used resource.

3.3.3 Report Processor Characteristics

The system prov1des a highly flexible report processor which
consists of a collection of basic report formats. Beyond this, the
user has the capability to define his own set of reports with the
user's own selection and iayout of the data on the report, the selec-
tion or conversion of time units, the sort sequence of the data, selec-
tion of time spans, method of including or excluding activities. Up
" to ninetf different such reports can be established without any pro-
gramming required. |

The reports are grouped into six categories:

(1) Activity—oriented reports such as Schedule, Wbrk Status
and Progress, Bar Chart Exception, Milestone, Activity Cost Reports

(2) Aggregate_Activity,Report
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3) Resource_Utilizatidn Report

4) Financial Reports

(5) Network Diagram

(6) Displéy Reports
Below we'have‘described some standard report formats. _It should be
-emphasized thét these ére provided only as a typical example of how
the repoft can look. Any organiZation‘of this or any of the other‘
data‘elements from the file can be included. Also, opefations cén‘be.

'included in many of the reports below the activity line.

Schedule Report
The Scheduleykeport can ﬁrovide the following information regard-
less éf optidns exercised for each work item included in the report:
-(1) Activity Code - Identifiqation of activity of the work item.

(2) Descriptibq - This space is provided for the verbal iden-
‘tification of the work item.

(3) Current Dﬁratidn - Work items not yet begun will have.their
total duratiOn input by the planner. Work in progress will have dura- -
tions calculated by the formula: Current Duration = (Data Date - Early
‘Start) + Rémaining Duration. |

(4) .Calepdar‘and»Work Week Indicators - These indicators show the
number of working déys iﬁ a week, the first Qorking déy of the week and
whether holi&ays,are observed in the schedule;: |

(5) A flag‘;o indicate completed or.in-prog;ess-acti&itieé.

C = Complete, P = In Progress.
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(6) Early énd Late S;ért and Comﬁletion Dates ~ These dates are
computed by the écheduling program basedAoﬁ the ﬁgtwork and durations
input into the caﬁputer{

(7)'.ToﬁéllFloat - Tﬁe float indicates the span of time a work
item can slip without éffeéting the overall project cémpletion date.‘

A t8)l Free Floaf —.Tﬁis float indicates the span -of time a work
.item can stop without affécting the start of any succeeding activities.

(9) Scheduled Daggs - Those dates that are fixed due to con-
tractual agreements. A code indicates if the start or finish'date
is requested and the mode of regulation.

The selection and format of the Schedule Report is totally flexible.
Aﬁy:data in the file can be displayed in any.ofder on‘the»pagé. Options

are available for sorting:and selection of the acfivities to be included.

Options
These options may be exercised individually-or in various combina- :-

tions.‘ Egch.optioq haé,éeveral alternatives whiéh permit -a variety of
reﬁorts focﬁssing on any desired subject.

TA listing of OptionsAand alternatives follows:

(1) S?an Dates - Either a'complete or partial reporf may be re-
quested as folloﬁs: | A
(éi A>cqmpleté report would include all.work iteﬁs in thé
ﬁet&ork; Thus, it would include w&rk already completed, work
in proéress, aﬁd remaining work for the entire project duration.
(b)‘ By.selective use of span dates, the report méy be lﬁmitea

only to work items scheduled during a user specified tiﬁe
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span, i.e., a two week or three month report.
.(2) Sorting - The report can be specified fb;'categorization by
any of the following work item arrangements:
.‘(a) Aétivity Code Sequence - The principlé use of fhié sort
is.fo ;gadily find specific work items.. |
kb) Early Start - The report can bé sorted chroﬁologically' \
by eafliest,étért dates. The report is primarily used to'c
sel.ect upcéming work.
(c) Total Float - The report lists ‘all work items in order
of criticaiity; i.e., most critical first and in order qf
decreasing criticalify. This report is also used for selecting
upcoming work and assigning prioritieg fd; manpower.éllocation.
(d) Early or Late Finish - The report liSts-ali work items by
the early and late finish, chronoiogically{ Tﬂis reéort is
seldom used.
(3) Organization Code - All reports may, in addition, be sorted
by respbnsibility‘codes, i.ef, Engineering, Proéufement, Conétruction,
Mécﬁanical,Civil, etc. Four such codes may be assigned tb'everf Qotk item
and all reports may be sorted by these codes. These sorts, when used
judiciously, provide capaBility for "exceptionﬁ reporting and limit the f
atteﬁtion to specific areas of interest. | | |

Precedence Report

This report, whicﬁ is called P.W.I., is intended for use by the
planner in checking the network structure. It provides a listing of

all work items in the network and shows the logical restraints and
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inter-relationships of these work items for diagnostic purposes.
Thé'P.W.i. fepérf lists alllwork items and sequences them by numerical
gode énly.
(l)l Desc?iptioﬁ of Work Item (W.I.)
(2). Listsball W.I.'s preceding described W.I.
(3) Relationship betweéan.I.Aand preceding work itém(s) (PWI),
4 i.e., étart—to-étart, completion-to-start, and completion-~
ifo-éombletion |
(&) Tiﬁe'Delay (Lag Values) -
. (5) 'Early and -late start and completion dates
(6)4_Floats
(7)A écheduled dates

Bar Graph Report

The:ﬁar Gféph Report indicates the days or weeks in which actual
work is schéduled to .be pefformed on all or selected work items.

‘The'same:options‘forAthe'graph rep&rt conteﬁt'and‘format, i.e.,
time span inci;ded; seﬁuenée of listing, etc., are available as fqr the
Schgduie Report.’ | |

‘The data presented. is the same as in the Schedule Report but is"
shown graﬁhicallyAin the form of bar graphs. Time spans‘ma& be used
to produée 3-month and 2-week bar charts. This feature may eliminate
the need for manual bar charts if a sufficiently detailed network is
- input in the computer to’ﬁakg these schedﬁles usable. fhe.bar chart
| codés are: |

. R ‘=‘7Duration.
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C = Critical Duration

- = -Total Float

F = Free Float :
A = Actual
* = OQperation

Work Status and Progress Report : ' o o .

This report contains the foilowing information:

(1) Description - Identification (Work Item) number and debcription
of work. ‘

(2) Operatiop Codeland Description - fhoée operetions'whiEh make
up the aetivit§.are listed.

: _(3)_ Cﬁrreht Duration - The duratioe of the activity,vas discussed
in the Scﬁedule‘Report. ~Also, the duration and delay of the operation
are shown. |

| (4) TheAresources assigned to the operatlon and their quantity
are'shown.

(5) The progress.status‘of the activity is showﬁ.
(6) Early start and finish dates for the activity and operations
are given.
(7) The data date on which progress was reported. . A | i
(8) The remalnlng duratlon as input by. the planner and‘is the
'estimate of the time required to complete the activity
(9) Percent work done. The value used in the cost processor

to calculate current costs.
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The Work Status and Progress Report is subject to the same sequencing
or sorting capability as the Schedule and Bar Graph Reports.

Resource Utilization Report

‘"This report projects histograms of resource requirements on a period
and cumulative basis. Where the Resource Allocation Report shows resource

usage per work item daily for each resource, the Resource Utilization

A
1

Report shoﬁs the total project resource requirements on a weekly and
cﬁmulétive pééis 5nd‘b§ individual resource. The'report contains the
following~info:mation:'.
¢9) Résoutce’identification and code
.(2)!:?eriod Scale, Cumulative Scale. ' Scales are provided for

graﬁhicél display of resource needs for the perié&, qsuaily weekly,
and cumulative. |

A"(3)v,Amouﬁt or Resource - The calculated quantity is based updn
input daté for.a;l work items. { |

-

‘The ReéourceTUéilization Report provides a pictdrial répresentation

of fésource'utilization. It may be used to project manpbwer needs for
the bfojéét.by craft and,in‘total. If dollars are‘inpdt as a resource,

a cash fiowyis dépicted with eaéh report run. Since the data 1is directiy
relatga to the schedule, manpower and cash floﬁ ﬁrojectiﬁns are automat-—

ically updated with each schedule update.

Activity Cost Report

This report provides estimated and actual costs by work item. The

following.infofmation is included:
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? (1) Work item co&e and description
|

1

1
or input as a manual override if the estimated remaining duration is

diffgrenﬁ from that calculated.
. é (3) EStimate‘Cost - The cost of the activity is derived from the
Est;mate Integrated'Schedules; aﬁd input into the schedQling brogfém.
No Eomputatipqs or. projections are made by the computer. 1It wiii Oniy
list thelémoun; ﬁanﬁally inpu; into the system. * |
(4) Cufrent Cost E~The actual cost plus any estimate.toAcomplefé.
&) Aétual éqst.—vThe actpal cost per acfivify; whenlayailabie;
may be manually iﬁpgt inﬁo the system for comparison with estimated
cost; These figures are not calcuiated or projected by'thé computer
but are.manually input. '
(6) Wdrk done value -~ The percent comple;é fimes current cost.
(7) Work item early start and finish dates.

Organization Cost Report

This report sumﬁarizes by Organizatioﬁ.éqde the distribuﬁion of
monthly costs. The resul; is a éash redgiremenfsfﬁrojection of the
Project. ., 4 ':1“‘ . |

The information contained is:

'(1) Organization code and description

(2) Period start - The month and year

(3) Current cost - The actual plus estimate-to-complete

(4) Actual cost - As repérted to thé system or as calculated by

the cost processor from the percent work done.
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(5) Estimatéd cost - The original estimate as entered or as
;compqted and stored from the direct extension of resources at their
currept; rate.

 (6) 'CU/ﬁé ﬁerﬁent - The ratio of cumulative current cost to
cumulative estimated cost,

(7)1onfk Doné Value - The part of the estimated cost which
cofrespohds té ghe work done.for in progress or completed activities.

" (8) AC/WC pefcentage - The ratio of actual cost to work done value.
.'(Q)AA0verhead - The cumulétion of the overhead costs allocated to
‘activities by direct. input.
| (10). Total - Current“éést plus overhead.
‘.‘(il) ABudget - Value cumulated from direcﬁ inpﬁt.

Milestone Répoft

Certainiéétivitigé in the schedule can be designatéd as key work
items o? mileépoﬁes.: The Milestone Reporf isolates these key events
and repof?é thé following information:

(D) 'Milestone Code and Description -‘Tﬁis descriptioﬁ'is asso-
ciated witb the start or completion of a key work item and is input
into the program during network generation or update.

‘(2). ﬁilestone ﬁate!e The start of complet;on date of the key work
item date méy be calculafed.or ﬁctual if the date has passed.. |

(3)"Float —'The'allowed'delay for the milesténe is caiculated and
shown in the Milesténe Réport. o

| ‘:(4)‘_Scheduied‘Déte

(5) Subnet code
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(6) Work Item Identification - This is the W. I. number of the
relevant schedule work item.

(7) Milestone level code.
The objective of this report is to provide management information of
JOb progress at a high summary level. This is the cOmputerized version
of the Manual Milestone Report discussed elsewhere in the’guidelines.-

Exception Report

.This is probably the single most innovative addition»to the report
processor; The'system provides the facility to save the dates from
any time analysls or resource allocation runAin a separate storage area.
After making changes in the network, or after follow1ng a time analysis
with a resource leveling run, the exception report can be run to analyze
the resulting change in the dates, durations or floats. These changes
can be displayed together with the before and after data from which
they are derived. It is also possible to select and report only those
activities whose dates or floats have deviated by some specified value
or whose values are less than or greater than some quantity.

A typical format of an Exception Report is as follows:

(1) Activity code and description.

(2) Previous Duration - The duration saved from an,earlier analysis.

3 ACurrent Durations - The duration calculated in the preSent
analysis.

(4) Variation Duration - The difference in the current and.previous

values.
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(5
run.

(6)

)

dates.

(8)

" (9)

(10)

Previous Finish Date - The early finish date from a'previous

Eérly Finish - The date calculated in the present analysis.

Var. Finish - The difference in the previous and current

Previous Float - The value calculated in earlier analyses.

Total Float - As calculated in the present analysis,

: Var. Float - The difference in the above two items.
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3;4 MCS —.Construction Management System *

The Managément Control System (MCSS is aiCritical~Path method
based on a Seriés ofwintegréted modular computer programs developed
and. marketed by:Coﬁstru¢tion Management Systems;” ItAhaslbeen used
extensivély iﬁ the cons;;uétibn industry ana,haé beeﬁ specificaliy

used to schedule numerous nuclear power projects.

3.4.1 M.C.S. Summary Description

The systeﬁApérforms the baslc Lunctiena of loading, updating,
computing (CPM), sorting and printing. In addition, it provides
multi—projéct leveling of the resources, a forecast of the monthly
dollars or mandays required, prepares paymeﬁt applicﬁtion documents,
as well as providipg coét reports with forécaéted remaining_éosts.

The input may be either in the traditional.I—Jlor precedenéé felatioﬁ_
- ship.

The output formats have been planned fd produce*a:clear and
simple document.v A unique feature is the stérring of:écfivities with
one to three stérs, depending upon their need fo start dufing the next

- month. . The system is 1mmediately available on the IBM 370/165, (180K
plus system sort), 360/4Q (QOK) and 1130 (8K).

There are a number. of additional moduies avaiiable for Aeﬁéil‘of
summary barcharts, verification listings, cdnsolidation ot netwo?ks
to delete finished agtiVities, duplication of selected "fragnets" while

incrementing the activity numbers, floor numbers, etc.

*Material contained in this section is based upon and/or excerpted from
a Brochure on MCS by Construction Management Systems, P.0, Box 70,
Haddonfield, New Jersey 08033,
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3.4.2 Schedule Module

Data Base

The programs store and edit check rigid format CPM records. This
input may contain a 9% digit activity number, 2 digit Resource quuire—
ment, 3 character Duration, percent complete, a 5 character alphameric
respéﬁsi§ility/resource'code, 3 character alphameric location code,
- 32 chétaéter describtion, 3 digit overlap with each follﬁ&er; 8 character
alﬁhame:ic account number, 8 digit labor and material dollafs and amounts,
actual.étartAand finish datesa, target finish date, print code, compute
.code; and 8 digit alphameric purchase order number®. Basic CPM input
: ;équires only one car&. Loadiﬁg in'Account Numbers, Labor Value, Pur-
chase Ordef'Numbers,”etc., requires the second input card.

There are edit checks to prevent inclusion qf fundamentally unf‘
acceptable data. File size is established by the user, with multiple

project per disk capability, and housekeeping by the MCS Supervisor.

File Updating

The file may be updated using a 1 or 2 card rigid input format
‘depending on'Qheﬁhef‘the new or revised information is on the first or
second ca;d. The file isAmaintained in activity‘number sequehce §o~
that ;hénges are made fapidly. | |

.A listing of all changes made is standard oﬁtput and edit checks
are'performed on the change cards. Duplicate or conflicting change;’

are flagged as error messages.

a - Labor value or actual finish date on the 1130 - not both.
_'b - Not on the 1130.
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After the changes are read, they are merged‘with the main file
and the results are stored in the 'subordinate file." Error messages
are produced for all requested changes to the file which have not been
aceomplished. The 1130 system allows 1500 change cards to be loaded at"'
one time while the limit for the 360 is the size of the user defined
main data filé;

Calendar Generation

The calendar program produces a projéct time vs calendar datc
table (up to seven years) with the flexibility of handliﬁg from a 1
to 7 day work week. In addition, standard hélidays such as Christmas
and New Year's may be stated, as well as variable holidays.

Computation Routine

The normal CPM calculation of the Early Start and Late Start
times for. each activity in the file is accomplished.by a series of
eight routines. Thgse routines prévide such functions'as converéion
of the multiple followei record information into logic statement (I-J
form), counting of followers and then predecessors for determination of

"open ends,"

as well as fsr use in the "loop" diagnostic. To improve
computation time, a topological sequencing is included so that multiple
iterations are not required in the forward and backward pasé. One of
these programs also providés for setting an arbitrary Early Start, Early
Finish and iate Start of any activity priqr to the beginning of a
computation. A final program writes the computed times from the work

tables into the main record. The user may select to comblete the compu-

tation even if there are "open ends' or data card errors.
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" The progrém.provides for multi-project resource . leveling (merging)
multiple projects and computing of up to lO0,00dkactivities.

Loop Diagnostic

This-sophisticated program determines which activities constitute
single or multiple loops. All activities on All loops are pointed oﬁt
at one time as opposed to identifying onelloép'for each cémputation.
Sorting

The 360 sysfem pagkéges utilize the IBMésystem sorts. The 1130
sort program is an efficient program for sorting up to 8 keys of the
. record.

Extracting

This program provides for extracting specific records for sélective
sorting, resource ieveling, printing, cost forecasting; etc. Ité
main purpose is to reduce computing time when the entire content of
a file is not required for succeeding operations. Extraction criteria
may be datéé, float; responsibility and location coding, account code
number or any of the laét eight characters in the activity description.

Printing/Totaling

This very flexible program provides for printing up to 5 different
CPM formats, while totaling at two levels. There are quite a number of
Print or No Print Options.

‘Typical Run Times

The average run time to compute (CPM Early and Late dates) and print

a 3,000 activity precedence network is approxiﬁately:
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60 minutes

IBM 1130 - -

IBM 360/40 - 14 minutes
IBM 360/50 . - 5 minutes
IBM 370/165: —. 2 minﬁtes

Other system modules are generally of proportional speeds.

Resource Leveling

Execution of ﬁhis program usually follows completion of an
acceptable CPM computatiop; There are two limits available, a .lower
limit_and upper-threshhold. The brogram attempts to schedule all ac-
tivities within the lower limi£ of user input resource availability
levels. .The p?ogfam aftempts to schedule the aé;ivity at its early
start of as cldée as posSible'tb'it, within the lower iimits set by
the user. If the late start would be exceeded due to a limitatién of
resoﬁrces, the lower limit is exceeded and tﬁe activity .is scheduled as
close as possible to its early start within the upper limit, If iﬁ—
sufficient resources are available at tixe upper limit .the schedule will
be extended until such time as these resources are again available. 
All following activities would then have their early start dates

bumped accordingly.

Cash/Eernditufe Forecasting

| This program calculates the amount of déllars forecasted to be
requifed for eaéh month of the project for both 1abof and material and'
can éompute-interesf during construction and retentions.. An alternate
of this.program is a monthly incremental aﬁd’cumulative forecast of

eifher dollars or mandays on both an early and late start basis.
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These programs are executed after resource leveling, the dollgrs
or mandays forecast on aﬁ early staft basis would be the incremental
and cumulative dollar/résources reqﬁired on an optimum basis to com-
plete the project on schedule:

These forecasts may be run for the entire project or sélectively'
pef trade, responéibility, location, etc.

The'inpﬁt is the basic CPM data file with either material and labor
dollars an&/or‘crew size. -

Cost Reporting

Actual costs for each work package (activ;ty or a group of similar
aqtivi;ieS'combined into one account code) are accrued in a separate
cost file. The remaining costs are derived from the CPM data files
and added to fhe actual costs to produce the total probable cost for
each work package. These total probable costs are compared to the
estima;é to.Produce a deviafion for use in exercising control. A vir-
tﬁally unlimited number of cost reports are available, tailored specific-
ally forAvafious levels of management. This near ultimate flexibility.
is achieved through the user spécifying which‘aécount codes at what
level are to be included in‘any report. Detailed analytical and
reference reports are also gvailable.

Tbe_Progress Payment Report may ﬁe a by-product of the regular CPM
Updating. .In addition to providiﬁg detailed support of a contractofis
payment application, this program accounts for thé number and amounts
fbr each Changé.Order to the coﬁtr;ct.to date, pfe—paymeﬁts for materials

on site, retainage percentage, previous payments, net amount due, etc.
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Barchart

This system module proGides a conversion of thé calendar information
in tl;xe CPM schedule into the familiar barchart form,"with an "X" repre-
senting a day, week, 2 weeks or month seléctiﬁel&, and an 6ptioﬁa1 "dash"
to the right.wiﬁh the same timé,unit representing the float associated
with each activity. Unlike many programs, hpwever, the user Qay specify
whether the barchart is to be a primtoul uf sclected ncgivitjan or, whether
multiple activifies are to be suﬁmarized into one bar. Variable'scéles
are available wherein a barchart symbol represents a‘day, week, 2 weeks
or a month.

Network Plotter.

Both detailed or summary scalar or non-scalar networks may be
produced at speeds substantially greater than manual drafting. Curves
may also be plotted relating items in the data base, as: cost-time,
manpower—-time, time-percent complete, etc.

Utility Programs .

There are a number of programs to produce special data listings as
wéll as file manipulation; calculatién of the labor value for each ac-
tivity from the wage rate applicable during any period of time and the
mandays associated with the activity, dumping of a file or any portions
of a file onto cards, etc. In additionm, consélidation of data and auto-
generatioﬁ of fragnets are available, as are verification listings,
change iistings, error printouts and diagnostics.

MCS Supervisor

This supervisor program operates under control of the computer
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-3

operating system ana directs the execuiion of all system.programs.
Entry to the main line programs is through the MCS Supervisor. Upon
completion of each program it exits back to the MCS Supervisor or if
directed, to other associated programs.

One of the prime responsibilities of the Supervisor is file allo-

cation and maintenance. Data files may be variable in size and the name

. of each file, its size and starting address is stored by the MCS Super-

‘visor. This progtram also provides for housekéepihg; it both adds and

deletes files and provides, on request, a printout of the file names,
sizes, and addresses.
Regofts

The éyétem éontains the capability for producing an extensive
variety -of diagnostic and output reports. These reports may be tailored
as needed to the specific application. Speéifications provide for in-
cluding only those activities on the report as desired as well aé sup-
pressiop of most of the data fields if needéd. There are basically 5
different categories of reports.

(1)' Diagnostics£> These reports include a verification listing
showing éll of the chanées‘planned to be input as well as additions or
the full listing of initial loading; this includes ef&or ﬁeséages where
alphabétié‘chafacters appear in numeric fields, illegal characters,v'
embedded gianks in numeric action fields, etc.; a complete listing of |
all changes as input into the data files; a total float by early sfart
listing with followers (successors) and a full listing of the~filé by

activity number order with followers (successors) for analysis of the
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computations; a predecessor listing is available which includes
each predecessor's total float and early project start day. In

¥

addition, during the next ﬁse of the program, theré areatumme; of
_error messages printed out for such things as open ends, a complete
1obp diagﬁbstié, bpérafor érrors, control card fofmat errors, etc.

(2) écheduleé: These are availablg in a wide variety. These
schedules may be éorted by any one of the dafa fields and may include
or exclude any activity or field. A special flagging féaturé is pro-
vided wherein one, two or three asterisks appear next to an éctivity
when its early start-and total float fall within user specified boun-
darieé. These schedules are often produced by project, by prime respon-
. sible department, by supervisor, by reporting period, by criticality,
by resource type, etc. They include én.indication whether the early
start'and finish for the activity has been determined by resource leveling,
whether the_early start and finish, late sﬁart and finish have 'been pre-
set by the usér. The schedules may contain information concerﬁing the
purchase égder or account number, labor and material dollars for each
activity, the number of mandays originally estimated and mandays remaining
for each activity, (summarized by supervisor, by department, by project,
etc.) The activity information may also include the estimated payment.
dollar value for the activity which when exteﬁded by its percent complete
will show the amount of money which has been '"earned." The report form
is so designed ﬁhat the necessary updating information such as remaining
duration, percent complete, start and finish dates, ﬁay be recorded

A adjacent to the existing information so that the keypunching may be
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directly accomplished from the marked up schedule. fhe fofmats
have been carefully designed to pértray the maximum amount of informa-
tion obtainable on one line without having to go to voluminous two line
. Or more report printouts: |
(3) Updating: A special form is provided to display the full

cdn;enté of the data record as well as providing a means for keypunching
directly from a full schedule. In actual pracfice, the variable informa-
‘tion is usually transferred from the individﬁal reporting depar tments
schédﬁles onto the master ﬁpd;ting schedule at which time it is scanned
for correctness‘and éﬁbsequent imbact upon the schedﬁle, resources, Or -
cost. Since this form is formated identically with the data cards
number 1 and 2 (with the card columns‘shoﬁn), keypunching and subse-
quent verification may be accomplished ditectiy from this report by
operators éompletely unfamiliar with the systemn.

| (4) .Resburces: These reports may be produced prior to or fol-
lowing resource leveling. "Such reports are believed to be unique in
that they may be printed for every day, _averaged for every week or
moﬁth, and may be produced in either tabular or graphical form. The
reports may be obtained selectively by responsibility; resource typé,
location, etc., either unleveled-leveled, holding the projéct duratidn
to determine the number of resources required or holding fhe limit of
the available resources and determining the project completion daté'

predicted upon those resources.

(5) Expenditure Forecasting: These reports are divided into two

categories, an expenditure forecast diagnostic and the month by month
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expenditure forecast. The diagnostic shows the aﬁount of labor
and/or‘material money for each activity and its associated codes

and the time span over which the money is scheduled to.be expended.

The expenditure forecast shows the labor or material, or total dollars
expectéd to be expended for every month, for each project. It includes
a provision for calculating the interest during construction, reten;ion
withheld frcm invoicing for later payment as well as the total’bookings..

(6) Cost Reports: These reports include a cost audit for detailed

analysis of the current labor and material costs compared‘toﬂthetpre-
vious iSSue_for bo£h the estimate, actuals remaining and deviatiéns
thereof. In addition, the reports are available for varying ievels

of manaéement. Reports can bé generated showing only those.aétivities
or accounts which are expected to deviate by more than X dollars from
the estimate for labor or matetial or both. A full printout of the
project estimate is available, as is a printout of the progress payments
due to each vendor or subcontractor. This report is the byproduct of
updating the schedule and may be automatically obtained. The cost
information is contained in a separate cqsﬁ file with remainiﬁg cost
information transferred from the main data file. |

| (7) Networks: A computer driven plotter network feport is a time
scaled graph qf either a fragnet;éf é small project or a total project.
It is quite flexible .in that the uéer specifies the horizontal and
vertical scale to be used andAincludes a provision for specifying which
activities will apéear upon which lines. It also includes a feature

wherein the current status of the original network may be portrayed
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in the form of a vertical line fr&m the current date down to each
éctivity in the network so ;hat ahead or behind schedule activities:
may be éuickly seen és»deviations from the vertical line. The system
'isAdesigﬁed for a.fixed blotter~and where the network would overflow
in'ﬁime, a second and subsequent sheet would 5é plotted for later taping

. together. -

Tﬁe reports ﬁave been designed for maximum flexibility and
‘modification by the user. The basic data record contains fpur unused
words (32 bifs - 4 bytes) so that such additional activity information ’
as quantity, etc;Amay be added to the basic data record and included 6n
gsef modified reports. The éystem provides for using mul;iple copies
.of'any report merely'by,eﬁclosing‘as'many repetitive print command

cards as may be desired for any report or variation thereof.
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3.5 MSCS - McDonnell Douglas¥*

“~MSCS is an integrated family of computer programs providing
Critical Path Method (CPM) or.PrecedenceﬂPlanﬁing Method (PPM) cal-
culations, activity éasting; resource alloc€tidn, and é.compléte library
of staﬁdard reports an&.plotter graphics enhanced by a selection criteria
language allowiné the user to easily design his reports to suit his_rer
quirements. |

| The program was designed as a compreﬁensivé informaéion handling.
system with extensive diagnostics, versatile 30 year calendar, and
réduced complexity of input so that the user system interface is mini-
mized. The software design of MSCS is modular to facilitate integration
of new application modification and to alléw the user to seiect only
those capabilitiés reqﬁired at the time of processing.

The major modules and their description follow.

Executive Module - This master control module selects the various MSCS

modules and controls their operations.

Update and Master FiievMaintenance Module ~ Encompassed in thislmodule
are features for updating, editing, and maintaining the MSCS master and
backgréund files. Also included are features which allow for punching
and copying the master file, building multiproject files and data editing.

Critical Path Time Calculations Module - Two networking techniques, ADM

and PDM, are supported, both of which perform standard start and finish,
total float and free float calculations. MSCS also allows the user to

employ actual start and completion dates, a time-now specification, and

"*Material'contained in this section is based upon and/or cxcerpted from
M?CS - Project Management," by McDonnell Douglas Automatic Company,
Suite 144, Two Northside 75, Atlan*a. GA Phone (404) 355-0610.

106



a host of exterﬁally imposed'conditioﬁal dates (mandatory start,
“mandatory completion, expected completion, not-later-than finish,

and not-earlier-than start). ADM.identifies activities by five-digit
"I" and "J" nodes (sometimes called events in PERT terminology) and
operates under the basic principle that.no activity may begin from a‘
node until all activities into that mpde are completed.

PDM defines the indfvidual rélationship of each activity (or work
item) to each activity that immediately precedes or constrains it (pre-
;edent work item, or PWI). Varioué "lag factors" defihe the type of
relationship of the start or finish of one work item to another.

Resource Allocation Module - This module schedules activities based

on resource availability. The schedﬁling basis is the relative priority’
of the activities vyiﬁg for scarce resources.' Relative priority is
dynamically calculated and is a function of user-applied priority'numbers,

total float, actual resource requirements and activity duratioms.

Géneral Repért Processor Module - This module produces an extensi;e humber
of standard'reports and provides the facility through selective criteria
to develop reports‘tailored to user specifications. Major capabilities
are:.
Standard Reports - MSCS contains a comprehensive set of standard
reporfs‘sufficient to satisfy most requirements. Extensive sort
capabilities allow for the selection of cascaded sorts (five levels)
each report request, each run,
Selection Criteria - Thié feature alloﬁs for user-tailoring of

report content and format through the use of special MSCS input
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control words."It prqvides for the selective printing or exclusion
6anctivity‘information on reports, the softing and processing . of
‘reports using usér—defined control information and thé user assign-
ment.of speciai‘tiﬁles to reports. |

Off-Line Plotter Gfaphics ~ MSCS producgs magnetic tapes compatible
with off-line plotters. These tapes contain sufficient information

to plot resource usage aﬁd cash requirement curves, plottéd bar

charts and network diagraﬁs. Information for plotters may be
transmitted to a user's computer for remote plotting.

Report Writer Macro Language - With this feature you can format or
reformat reports~acc6rding to your specifié rquiremehts. The macro
language aliows for the generation of completeiy new feports with
relative ease and speed.

' MSCS Flow - Aé a modular systen, MSbS can be executed:in whole or in part
by user option. ' Only those modules required for a given type of processing
are selected. Module selection is coné;olled through user input parameters

and does not require manipulation of IBM Job Control Language.

3.5.1 Description: MSCS

MSCS is a full-scale CPM-resource program. It accepts arrow or
precedence ﬁotation, ievels resources within durafion constraints or
allocates within resource constraints. Cost features include updating
and progress repoFting; up to 18,000 actiyities, multi-project scheduling

with up to 25 independent networks; up to 12 resources per activity.
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MSCS is available at déta centers thét are part of McDonnell
Douélass' Computer Telecommunications Netﬁork. The most powerful tool
is the ability to adjust the spheduling to optimize or control resource
uéage. By'inputting a maximum resource pool for each resource, activities
may be delayed if neéessary to maintain a ceiling on restrictive resources.

The programs accept splitting the activities into several segments
of minimﬁm length.

For scheduling, activities are consideréd in one of>foﬁr states or
lines:

(1) Waiting line - for'scheduling an activity the waiting line

must meet both the following conditions:
a. The time is greater than early start.

b. All precedence activities of this activity have been completed.

(2) Process line - an activity remains in the procéss line the same
.numbér'of legal WorkAunits as its reﬁaining duration, providing each
specified resource is simultaneously available.

(3) Fiﬁisﬁ liné - after an activity has spent its required duration
in the‘procesé line it is a scheduled activityf

(4) ©Non-scheduled line - these are activities not moved in the

waiting line because of precedence constraints or their early start time.

3.5.2 Resource Facilities
Resource.AvailabilityAPdol - Several options are available to the user
for controlling the pools at available resources.‘ Pools may be scheduled
to constant value or to stepped values. .Tﬁe user's manual provides de-

tailed explanations and examples.
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Resourcé Leveling Options - MSCS allows two methods of leveling a
’project. |

(1)1'Tiﬁe limited - Hold the project end-date as calculated by
CPM (earliest finish). Resource pools arevmaintained whenever it is
possible but are exceéded if it is necessar? to complete the project
on time.

(2) Resource limired - The resource pools are the pritﬂary con-
straint. The project ena date is delayed if it becomes necesgary to

schedule the activities within the resource limitation.

An extensive number of reports and variations can be ﬁroduced.by
MSCS for management evaluation, as follows:

Up&ate Report

This report lists all data input into MSCS. Data shown here has been
validity checked; where noted, editing takes place. Errors are listed
on £he reporﬁ.and are summarized and ciéssified at the end of the report
for easy reference. This report may be used as an input document when
deleting and modifying MSCS data. . Card columns are 1i$ted in the report
heading for direct keypunching, and space is provided in the report body
for input of both progress ipformation and data changes. When using

the Update Repér# as‘ah input document, all user-defined fields may be
Amodified, inclﬁding activity numbers. It is only necessaty to input

- corrected information when modifications take'place. |

Network Report

_All user input activity.information along with calculated remaining
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duration, start, finish, and total float values, is contained in this
report. .It may be sorted and'grouped by any characdter or group 6f
characters input to or calculated by MSCS. The Project Report is
similar in format to the Network Report but lacks completed activities,
CPM dummy.activities, resource data, cost‘data,‘énd PDM relationship
-data.

Leveled Project Report

Reports produced after resource leveling contain tﬁe scheduled start.
and finish times resulting from the resource leveling process but
continue to show earily start and late finish as reference dates. Thé
total float previously printed on reports is replaced by remaining
float which is the difference between the CPM or PDM calculated late
finish and fhe scheduled finish date resulting from resource leveliné.
All but one MSCS reports are automatically changed to this new format
after résour;e‘leQeling is performed. The one exception, the Project
<Répoft; can be-reqqeéted in the resource leveling format. It is.then
called a Sapplé Leveled Project Report.
. Bar Chart'

The MSCS bar charts show.the time relationship of activities in a con-
ventional format. All MSCS calculations are shown for each'activity
through the use of special symbols selected by the user. "In the sample,
the "E" represents the period over which the activity will occur it
scheduled by early start apd eafly finish. The plus (+) and minus (-)
signs represenﬁ positive and negative total floaf. Resource leveled

and pasteup bar charts are also available.
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Action Report

Tﬁis report lists all activities which must show action (progress)
Aduring a subsequent'user—defined time period. Possibie»progress is
listed in the column headed "Action,'" along with the date on which
_the progress should take place. The report may also be used as a
progress input document with keypunch card columns listed ie the»reporr
heading and seace provided within the report for progress inforﬁetion.
Ihe'report may be sorted and the data grouped according to user require-
ment and can be requested so only critical activities are conteieed.
The Action Report is an'ekcellent tool for collecting prbgress'feedback o
information. | | | |

'Werk Log
The Work Log Report shows for each day (week or hour may be requested)
the activities which may be in progress. Each time an actiﬁiry is
included in a day's schedule, the remaining duration shown for the ac-
tivity is adjusted for that day. The Work Log Report is similar in
format to work logs a user might produce by manual metheds.

Plotfed‘Bar Charts

MAPS is a program within MSCS which plets bar charts.oﬁ off—line plotters.
The MAPS output is not limited in dimension by computer printers and
therefore can be'used to show entire projecre in a bar chart format
against a continuous time reference line, MAPS ber charts can be used

to compare target schedules to schedules calculated by MSCS.

Milestone Reports

Activities may be defined as milestones and reported upon at different
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levels. Nine mileétone levels are allowed by MSCS and cascading of
these milestone,levels is available by user option.

Resource ‘Activity Report

The Resource Activity Réport groups activities by resource code. ‘If an
aétivity requires more than one resource type, the activity is included
in each of its resource groupings.

Compunet Network Plots

CompuNetrM, a propfiétary computer program which interfaces with MSCS,

" _produces plotted network diagrams‘(eitherAADM or PDM) on off-line plotters.

A feature of the program is the plotting of non time-phased networks.
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3.6 PREMIS*

PREMIS is the latest, most powefful generation of CPM processors
for the K&H Computer Systems.Company. It is a comprehensive project
résourée eValuatibn'management.information system that uses'thg prece-

dence or the arrow technique to represent the logical interrelationships

'between the activities that make up a project. This system is marketed

-and sold in the USA by:Informatics. PREMIS runs on Informatics IBM

370/138 under 05/V52. . Informatics clients can also access and use

_.PREMIS at a time sharing terminal or at a remote job entry terminal.

PREMIS has integrated modules -to do time-analysis,'resource sched-
uling, comparative reporting~(using targets), summary reporting, multi-
project scheduling, and cost p:océssing. |

| PREMIS can provide management with information in a clear énd con-
cise form én which to base decisions necessary to ensure that resources
are available when required by the project, the project is completed on
schedule, and tﬁe project is completed within cost and manhoﬁr bﬁdgets.

The reéource-analysis and scheduling capabilities of PREMIS can

provide management with insights into the following practical alternatives:

If the available resources are used, by how much will fhe‘project
completion date be extended? (manpower-constrained, resource-
limited) .

If the project completion date is to be met, what.extra resourceé

(i1f any) will be required? (time-constrained)

If overtime is worked on the project, by how much will the completion

date be brought forward? (combination of time and manpower con-

straining)

- *Material contained in this section is based upon and/or excerpted from

"Premis; An Overview," copyright 1976 by Informatics, Inc., Doc #035 110.

114

~n



What is the éash flow on the project? And how does it vary as

‘constraints change? |

:Is each individual'item, and the project as a whole, over.or-under

or on budget?

.How will a design change affect the project schedule, the resources

required, and the budget? | |

If project A is given top briority,.how will this affecf projects

B, C, and D? |

If activity schedule dates are changed, what will be thg effect on

the project scﬁedule and resources?

Using the network diagram and o;her project data (resources,
resource;constraints, costs, etc.), PREMIS can simulate various situa-
'tiéns and provide management with meaningful and realistic information
on which to base decisions.

Extremeiy flexible report-generation facilities are an integral
part éf PREMIS and can be used to select onlyvthat'information relevant
‘to the various levels of management receiving the reports.

The sorting and report-generation facilities of PREMIS can be used
to provide virtually any format of detailed reports for operations on
site and suﬁmafy reports for management,

In addition ﬁo_sophisticated project—schedﬁling and sortiﬁg and
Feportheneration techniques, PREMIS also has integrated input and update
generation facilities that can accept a varigty of formats of input and
update data at the activity or detail levels, which are converted to a

standard format within PREMIS for processing.
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Overall control of the various (generation and project scheduling)

modules of PREMIS is directed by a Systém Control Language (SCL). Va-

rious sets of SCL control cards can be stored on disk and recalled by a

single control statement. Project-scheduling modules can be defined and

“retrieved in the same way.

" In summary, PREMIS may be thought of as a PROJECT MANAGEMENT and

INFORMATION SYSTEM GENERATOR.

3.6.1 Network Creation and Analysis

Input

Activity Coding: PREMIS has an Input Generator module (GEN) which lets

you define the format of input most suitable to your needs, or you can use

a set of Standard Input.

- The sizes, .in PREMIS, of the input parémeters generally used in

project control are as follows:
activity identification
(Precedence)

node identification
(I-3)

activity descriptions .

. activity codes for sorting
. and selecting

activity durations
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up to 18 alphanumeric characters
up to 8 alphanumeric characters

no practical limit

no practical limit on the number of
alphanumeric characters; and they
may be grouped in any series of
combinations for selection, sorting,
and page-skipping, if required. .

may be in days, weeks, hours, or
smaller units of time for applica-
tions such as maintenance sched-
uling. These may be used in



combinations on the same activity;

e.g., weeks and days; and different
activities within the same network
may have different time units.

activity relations (links to normally up to 200, depending on

preceding activities) how much other data is stored for
an activity.

Network Generation Using Library Modules

In any large project? there may be several groups of tasks or activities
that are similar in logical iﬁterrelatidnships and descriptions. For
example, the logic for theldesign, manufacture and installation of a
pump may be basically_the éame eVen"though'the pump specifications may
differ.

PREMIS has a library modulg facility that you can use to creéte
.a standard module for a pump and store the module away in a library on
disk or'tape'under a unique 6-character name. The module can then be
called from the library for uée in an actual project by means of a single
card, and‘cén be modified to give the 'specific pump name and to increase |

or decrease its durations or resource levels, etc., before inclusion in

" the project network.

3.6.2 Error Detection

PREMIS has extensive standard error detection routines; and, in
addition, you can define extra conditions for your particular application.
Each standard error is identified by a unique number and each number

has an explanatory message.
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- -Standard messages relating to each number are already included'in
PREMIS, but you éan change the message to something more meaningful to
.your applicatiqn. This is especially imbortant when PREMIS is being used
in a foreign country, since the error messagés can be redefined in the
language of the user.

Conditions can be defined, using the error numbers, to abort the
run, depending on the seriousness of the error.

Some typicai error messages are:

ERROR IN NUMERIC FIEID

DUPLICATE ACTIVITY

INVALID START (n§ predgcessors)

INVALID END (no successérs)

UPDATE CARD UNMATCHED

 UNSPECIFIED ACTIVITY ‘

RELATION -~ ACTIVITY

CARD CODE UNKNOWN

LOOPS DETECTED IN THE NETWORK
With the last message, all the activities and relatioms comp%ising the
loop (or ioops)'are detected. The loops are broken down into subloops,
and an indication is given as to which activity is most likely to be

causing the 1oob.

3.6.3 Time Analysis

All the usual results such as Earliest Start, Earliest Finish,

Latest Start, Latest Finish, Total Float, Free Float and others, such
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as.independeﬁt Float, can be calculated.
‘Acti?ities may ﬁave imposed dates applied in one of five modes:
_Start not earlier than
Finishfﬁét later than
Earliés; start at the imposed date
Finish imposed at the early finish (or the early finish plus a
value) |
Earliest and latest starts imposed
Each project may have up to 7 different calendars, plus a base calendar.
This.is essential for maintenance scheduling projects to‘simulate shift
patterns of resource availability and very desirable for multinational
" projects where tﬁe holidays in.the various countries are different.
Multiple calendaré can also be useful whén different departments and
operations have different.wbrk weeks. fime units can also be used»witﬁ—A
"out calendar dating. |
'Equipﬁent—deiivery activities may be scheduied 5ust prior to the
activity requiring the equipment, to avoid premature delivery that may

.invite pilferage, deterioration, or congestion.

3.6.4 Resource Analjsis and Scheduling

Project Resources

- There is no practical limit on the number of different resources
that can be specified in a project.
A Resource profiles; There are three basic profiles on resources in

a project:
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Fixed or constant - where there is a constant availability of

the resourée,throughout the