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Foreword

This cost control guide was prepared in response to the request from the OECD/NEA Working Party on
Decommissioning and Dismantling (WPDD) — Decommissioning Cost Estimation Group (DCEG) to offer the
industry guidance in preparing and implementing cost and schedule controls during decommissioning. The
DCEG sent out a survey questionnaire in 2010 soliciting comments from OECD member states on their use of
cost controls during decommissioning. While the response was limited, the consensus was to proceed with the
preparation of this guide.

Cost and schedule control systems have been in use for more than 30 years, and in the last 10 years or so
have evolved into a more formalised earned value management system (EVMS). This guide is based on the
internationally recognised standard, Earned Value Management Systems (ANSI, 2007). The EVMS s built on
a work breakdown structure (WBS) of decommissioning activities, and a defined process for controlling a
project. The EVMS not only provides measurement of project status and future performance, but also builds a
structure and culture for accountability on project performance. This guide describes the performance metrics
used to determine the value earned based on what was planned to be done, what was actually accomplished
and what it actually cost. Variances measured monthly at a minimum indicate where potential problems are
arising and raise aflag for the project manager to implement corrective actions for the next reporting period.

The success of the EVMS programme depends on management commitment to implement a culture
change for its employees, and to impose the EVMS on potential future contractors performing
decommissioning work at a facility. Formal training is required to ensure al elements of the process are
understood and put into action. It is recommended to begin with a small project, and graduate to larger
projects as the staff learns how to use the system. The EVMS process has been used internationally for small
(less than EUR 20 million) and large (EUR multi-billion) projects successfully. The level of success depends
on the commitment to excellence.

Acknowledgement
The WPDD wish to express their gratitude to Mr. Thomas S. LaGuardia for drafting this report.
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1. Introduction

The introduction describes the objective of this guide, the background for the need of cost and schedule
controls, the results of an OECD/NEA cost controls survey questionnaire sent to its member states, the need for
a company management culture change to implement controls, a brief discussion of accountability, and the
applicability of cost and schedule controls to decommissioning.

Objective

The objective of this guide isto provide a practical, user-friendly approach to implementing cost controls
for major decommissioning programmes' to minimise project budget and schedule over-runs. The guide
establishes the framework for structuring a programme for preparing cost controls, training, certifying and
using cost controls through an earned value management system (EVMS).

Background

The technologies for decommissioning nuclear facilities are now well established, and the literature
contains many examples of successful projects in completing the removal of radioactivity and termination of
the license. However, the cost and schedule performance experience has been wrought with problems
stemming from poor and inadequate cost and schedule controls. Many of these problems arose from changes
to the technica scope of work, without a corresponding change to the contract documents and
budget/schedule modifications to account for these changes. In some cases, the decommissioning contractors
were dismissed from the project under duress for failing to meet project milestones of budget and schedule,
and the owner/licensees were forced to seek replacement contractors at additional cost and delays to the
original schedule. Some of these situations led to extensive litigation, incurring additional legal expenses and
further delays. The perception of the public, regulators, stakeholders and interveners is that the overall process
is uncontrollable and unpredictable leading to aloss in confidence with the industry.

Over the years of decommissioning experience, the industry has successfully prepared detailed computer
cost and schedule estimating codes to develop reliable costs and schedules at the outset of a project, based on
a projected technical scope of work and a defined end point condition. The resulting baseline cost and
schedules were used to establish owner/licensee budgets and durations for the project upon which to establish
decommissioning trust funds, either externally held or internally managed. To encourage consistency and
transparency, the Organisation for Economic Co-operation and Development/Nuclear Energy Agency
(OECD/NEA), the International Atomic Energy Agency (IAEA) and the European Commission (EC) jointly
developed the guide, International Structure for Decommissioning Costing (1SDC) of Nuclear Installations
(2012). This document (formerly the Yellow Book) established a standardised list of cost items to be included
in decommissioning cost estimates in a specific format (work breakdown structure — WBS) so as to ensure all
elements of costs would be included in a consistent format. By so doing, cost estimates of individual
decommissioning activities from various cost estimators and countries could be more readily compared and
understood.

The cost and scheduling area that previously had not been adequately addressed is the establishment of
technical scope change control, and an effective cost and schedule control system (CSCS) during the
implementation of a project. This guide identifies the principles, provides the procedures, structures the
training programme and gives specific examples of CSCS implementation.

1. “Programme” will be used herein to describe the entire decommissioning work scope to achieve the end point state.
“Project” will be used herein to describe individual major tasks comprising multiple activities.

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012 9
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Cost control survey results

During the period 2009 through 2010, the OECD/NEA conducted a cost control survey of its member
states to determine current practices with respect to cost and schedule controls during recent decommissioning
projects. The response to the questionnaire was limited (7 out of 34), indicating perhaps many of the member
states were not using cost controls effectively, or misunderstood the questionnaire.

The seven respondents indicated many of the elements of a cost control programme existed within their
organisations, but were not tied into a cohesive programme to effect accountability in performance. These
elements can be blended and incorporated into a comprehensive cost control programme. The most critical
eement in moving forward is the importance of effecting a culture change within the
owner/operator/contractor arena, a feat made much easier with prior evidence of successful cost savings.
Intensive training programmes, oversight and their associated costs must be outweighed or at least balanced
by the savings achieved.

The survey report noted the industry should not expect immediate success since constructive cost
controls will take time to implement. The timetable for any large-scale implementation may be years into the
future. The most readlistic approach is to start pilot programmes with smaler projects or specific activities
within larger ventures. Armed with a new structure of written policies and procedures, several smaller projects
could then provide the feedback and lessons learned to develop standardisation and accountability throughout
the decommissioning industry.

Cost control culturechange

The key to a successful CSCS is effecting culture change within the owner/licensee management
organisation, and imposing that culture change on prospective contractors performing the work. This can only
be accomplished by an intensive training programme extended to include contractors, coupled with a
company-wide publicity programme to encourage excellence. This type of effort has been successfully
accomplished with such programmes as Total Quality Management and Six Sigma. But it requires the full
commitment of management to financially support and promote it.

Accountability

A key element of a CSCS is accountability of the programme for budget and schedule compliance.
Accountability in this context is not intended as a punitive action (although that might be an outcome if thereis
repeated non-compliance), but rather an evaluation of the causes of non-compliance and the identifications of
trends resulting from a breakdown in the system. This feature of a CSCS is a necessary element to measure
how effectively the project is being managed, and whether and where improvements are needed.

Applicability to decommissioning

The use of CSCS originated in the construction industry for major projects, where there had been a
history of project over-runs in budget and schedule. Over-runs of budget exceeding 100% were not
uncommon, and the industry realised it needed a better system to control projects. These same characteristics
exist in the decommissioning industry, and perhaps to an even greater extent since the discovery of formerly
unidentified radioactive contamination has historically extended scope and costs drastically. Accordingly, a
well-defined CSCSis fully applicable to decommissioning projects.

This CSCS guide describes the baseline cost and schedule estimates, the EVMS and its indicators, cost
collection and controls, project change control and sources of additional information. It is based on the
internationally recognised ANSI standard, Earned Value Management Systems (2007).

Site char acterisation

Although beyond the scope of this cost control guide, the site and facility to be decommissioned must be
thoroughly characterised for radiological and hazardous/toxic materials prior to any planning, cost estimating
and scheduling. The characterisation forms the framework for identifying the scope of work to be performed

10 COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012
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to achieve the end point of decommissioning. The IAEA published a report on characterisation, Radiol ogical
Characterization of Shut Down Nuclear Reactors for Decommissioning Purposes, which states:

The objective of radiological characterization is to provide a reliable database of information on
guantity and type of radionuclides, their distribution and their physical and chemical states.
Characterization involves a survey of existing data, calculations, in situ measurements and/or
sampling and analyses. Using this database the decommissioning planner may assess various
options and their consequences, considering:

e operating techniques: decontamination processes, dismantling procedures (hands on, semi-
remote or fully remote working) and tools required,;

« radiological protection of workers, general public and environment;
* waste classification;
e resulting costs.

Comparison and optimization of these factors will lead to the selection of a decommissioning strategy,
i.e. typically, immediate or deferred dismantling. It should be noted that the characterization process
is sequential in that further steps can be decided only after the results of previous characterization
steps have become available. (IAEA, 1998)

Characterisation data forms the basis for identifying the scope of work for decommissioning, which in
turn is used to select the type of contracts to be let to prospective contractors. A well-defined scope of work
will permit much of the work to be fixed price (sometimes called lump sum), or cost plus afixed or incentive
fee, or atime-and-materials contract. To the maximum extent possible, fixed-price contracting is preferred as
it defers the risk to the contractors rather than the owner/licensee. A well-defined scope of work minimises
the opportunities for contract change orders which historically have driven project costs over budget and
beyond schedule. Accordingly, no planning, cost estimating or scheduling, or contracted field work should
begin until the facility and site have been properly characterised.

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012 11
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2. Cost Estimates and Schedules

The cornerstone of any CSCS is the baseline cost estimate and schedule. At the point when the
owner/licensee is ready to contract for the decommissioning work to proceed, a detailed baseline cost estimate
and schedule is assumed to have been prepared, based on areliable data base of a fully characterised facility
and known end point condition.

Basdline cost estimate

The development of a baseline cost estimate is an evolving process, as it proceeds from a conceptual stage
through a fina plant shutdown decision point. Once a decommissioning strategy (immediate dismantling or
safe storage, or a combination of both) has been selected, al assumptions, boundary conditions, scope of
work and end states should be established, reviewed and approved by management. A decommissioning
funding plan is then established and adequate funds are collected or designated to accomplish the project
safely and successfully.

The methodology used to prepare the basgline cost estimate can be a company-specific (owner/licensee)
computer program, or based on the guide prepared jointly by the OECD/NEA, IAEA and EC, International
Structure for Decommissioning Costing (ISDC) of Nuclear Installations (2012). The most important element
of the baseline cost estimate is formatting the estimate into a WBS. The EVMS depends on this foundation of
the WBS for controlling the project.

Basdline schedule

Similarly, the baseline schedule needs to be developed to the same level of detail asthe cost estimate, and
needs to be integrated as to the period of performance as well as the resources (manpower, equipment and
materials) required to accomplish the project on the desired schedule. Commercially available computer codes
can be used to develop the schedule, including Primavera's P6 or Microsoft's Project codes. The schedule
must reflect the same WBS elements used in the cost estimate, but may be at a higher WBS level than the cost
estimate.

Work breakdown structure

As noted earlier, the WBS is the foundation of the EVMS cost control system. The WBS defines the
scope of work into appropriate elements for cost accounting and work package authorisation. The WBS must
be kept current as scope changes are identified by management, or by physical or technical constraints that
evolve as the project proceeds. The WBS is generally associated with the hands-on work to be performed, but
may also be used for procurement of major equipment or special tooling where there is a significant expense
or design effort to perform an activity.

Project management principles require a WBS dictionary to be prepared for each element of the WBS.
The dictionary identifies the scope of work represented by each element of the WBS, and defines the
boundaries of responsibilities of the organisation responsible for performing the work.

The ISDC is structured around a WBS, as are most cost-estimating programmes. As the programme
progresses from one phase to another, the WBS should be reassessed and modified to reflect the current scope
of work and breakdown of costs.

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012
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Organisational breakdown structure

The ANSI standard (2007) as well as most other guides recommends establishing an organisational
breakdown structure (OBS) for the project. The OBS identifies the management organisation responsible for
administering the programme, the specific functional positions required (staffing positions), the subcontracted
portions of the programme, and the control accounts to manage the programme.

Management organisation

The management organisation is the owner/licensee staffing assigned to the administrative and technical
oversight of the project. It includes the project manager, assistant project manager, administrative managers
(security, personnel/human resources, financial/accounting, public relations, janitorial, and others as
appropriate), technical managers (engineering and planning, cost and schedule control, licensing, waste
management, health physics and radiological, quality assurance, operations and maintenance, and others as
appropriate). Below these levels are typicaly the superintendents in each discipline, who oversee the
subcontractor crews performing the work in the field or in the field office.

If the owner/licensee elects to self-perform the field decommissioning work, they may “subcontract” the
field work to an in-house division which will provide its own project management staff, with comparable
levels as above. The subcontracted group will report to the owner/licensee organisation above.

If the owner/licensee elects to subcontract the field work to an external decommissioning operations
contractor (DOC), the DOC will establish its own management staff from its project manager on down through
superintendents and foremen to direct the field work.

The ANSI guide (2007) proposes to separate the management organisation from the hands-on work, as
most management contracts (or subcontracts) are on a level-of-effort cost basis (that is, the organisation is
reimbursed for all its costs plus a fixed or incentive fee). However, this may introduce a potential loss of
accountability and another level of complexity to determine whether performance milestones have been met.

Control accounts

The programme establishes the organisational levels at which to implement control accounts. A control
account identifies a defined work scope from the WBS system, with accounting charge numbers to track costs.
Control accounts are assigned to a single organisational unit and single manager (control account manager).
Control accounts may have multiple charge numbers within a WBS element depending on the number of
organisations authorised to work within the scope of that WBS element. A control account manager may be
assigned multiple control accounts, but each control account will have only one control account manager.

The control account is where the programme (or project) cost, schedule and work scope are integrated,
planned and managed. Resources are managed at this level, to accommodate constraints on budget, schedule
commitments and availability of manpower and equipment resources. Performance measurement is also made
within the control accounts; budget and schedule performance data is reported to management for assessment
of meeting programme (or project) objectives.

The size and duration of the control account in terms of the work scope and currency budget is
determined by management, based on the WBS logic and importance. For example, one control account may
be assigned for remova of fuel from the core and placement in a spent fuel pool or pond for temporary
storage before transport for reprocessing. However, if the fuel has to be placed in on-site dry storage casks for
prolonged storage until a federal repository is available, a second control account would be assigned for the
design, licensing, fabrication, construction and operational readiness of an independent spent fuel storage
installation. A control account should not cover more than one WBS element.

Work authorisations

The importance of control of work during decommissioning cannot be understated. Contractors
performing field work must not be allowed to proceed without a fully approved work authorisation. Not only
from the standpoint of controlling cost and schedule performance, but also for safety to the workers and the
public. Fortunately, this practice is universally observed through the process of radiological work permits,
confined-space entry permits and other hazardous duty restrictions with associated documentation. The
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benefit to the CSCSis adefined cost and schedule control process with oversight from both aradiological and
operational management organisation.

Changes in scope resulting from atechnical re-direction of objectives, or from a previously undetermined
problem must be similarly controlled by approved procedures. No work should be permitted until all
necessary approvals are secured and the corresponding budget and schedule performance measurement
metrics adjusted. Interim temporary approvals of a revised work scope (with limitations) may be necessary in
unusual or safety-related instances, but these should be maintained at a minimum for rigorous control of
budget and schedule.

Responsibility assignment matrix

The responsibility assignment matrix (RAM) shows the WBS and OBS, and the integration of the
specific responsibilities of each organisation for each specific task. The following example is for the
engineering, procurement, fabrication and installation of reactor vessel internals segmentation. Normally
these are shown at the lowest level, but are shown at a summary level in Figure 2.1. Working from the
budgeted estimates of cost (or duration hours in a fixed-price contract), an example of a contractor's RAM is
shown in the table. The cost values are of course fictitious, but representative of the distribution of the budget.

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012 15
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3. Budget M anagement

Managing the budget is the principa objective of cost and schedule controls, to ensure that the
decommissioning funds collected and approved are used effectively to safely decommission the facility. If
budgets are misused and over-run there is the potential for management to take risks to reduce costs, which
could result in safety issues to workers and the public. Therefore, management of the budget through cost and
schedule controlsis vitally important to a safe and effective decommissioning programme.

Perfor mance baseline

The programme budget is a living management tool throughout the life of the programme. The budget is
initially linked directly to the baseline cost and schedule estimates, as well as through the negotiated contracts
and internal management objectives. The performance baseline (PB — also called the total project cost) is
made up of the contract budget base including profit/fee and contingency. Profit/fee is set aside and earned by

the contractor as it successfully completes portions of the project. These relationships are shown in Figure 3.1.

Contingency is held by the owner/licensee to apply as needed for the project. Contingency is defined by
the AACEI as “a specific provision for unforeseeable elements of cost within the defined project scope,
particularly important where previous experience relating estimates and actual costs has shown that
unforeseeable events that increase costs are likely to occur” (Humphreys, 1984). Based on experience
contingency costs are incurred virtually daily as the project proceeds. All contingency money is expected to be
spent, as has been the actua experience in most decommissioning projects.

Contract budget base

The contract budget base (CBB) consists of the management reserve, the performance measurement
baseline and the contractor’ s profit or fee.

Management reserve

All baseline cost estimates (below the performance measurement baseline level described in the next
section) include management reserve (which is different than contingency), which will be withheld by the
contractor before the budget is distributed to lower accounts (the contractor may refer to its management
reserve as its contingency). Management reserve is established by the contractor’s project manager and held
for unexpected costs within the currently authorised scope of work, rate or inflationary changes (not
previously accounted for), and other programme unknowns. The programme budget will be revised as
programme, scope and schedule changes are authorised. For long-term programmes, economic price
adjustments must aso be made to account for inflation.

Performance measurement baseline

The performance measurement baseline (PMB) is the level at which the programme performance is
evaluated. It consists of the distributed budgets and the undistributed budgets. The distributed budgets
represent the hands-on work of decommissioning activities. The undistributed budgets are for future work that
has not been planned sufficiently to include in the distributed budgets.
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Distributed budgets

Distributed budgets are made up of numerous control accounts for hands-on work consisting of work
packages and planning packages. Control account performance is rolled up to the distributed budget level for
reporting purposes.

Undistributed budget

An undistributed budget consists of funds not allocated either to distributed budgets or to management
reserve. Undistributed budgets are funded, and represent known work that must be performed but not planned
to the same detail as distributed budgets. Undistributed budget should be allocated as quickly as practicable
by the control account manager (described in the next paragraph) into the distributed budget. As soon as the
scope of work is described, a detailed plan is prepared, and costs and schedules estimated, the task would be
transferred to the distributed budget.

Control accounts

Control accounts consist of numerous decommissioning activities described in work packages and
planning packages. A control account manager is assigned to each control account (one manager to each
account), but a single manager may have the responsibility for several control accounts. The control account
manager evaluates the progress of each work package and planning package in the account, and determines
the amount of physical work performed during each reporting period. Often, the control account manager will
work with the contractor’ s project manager to negotiate the work completed or per cent completed.

Work packages

Work packages are subdivisions of control accounts, and are comprised of a single or multiple groupings
of tasks. It can apply to single or multiple organisations and functions.

A work package is the level at which the field work is planned and progress is measured. According to
ANSI/EIA-748-B (2007), the work package level is where earned value is computed. Other standards
recommend the performance measurement baseline (PMB) as the preferred level for computing earned value.

Planning packages

Planning packages are for far-term activities within the control account. The budgets for planning
packages are time-phased to the known schedule for future work. Planning packages are converted to work
packages as the project proceeds.

Perfor mance measurement baseline components

The performance measurement baseline (PMB) is the total time-phased budget for the programme. It is
the summation of al budgets of the control accounts (distributed budgets) and undistributed budgets. As noted
earlier, the PMB is the level at which earned value is calculated. The components of the PMB include the

following:
PB = CBB + contingency = performance baseline (TPC, total project cost)
Contingency = held by ownerllicensee (or contractor)
CBB =PMB +MR + P/F = contract budget base
PMB =DB+UB = performance measurement baseline
WP =work package (near-term, activities within a CA)
PP = planning package (far-term, activities within CA)
MR =management reserve (held by contractor for risks)
PIF = contractor’s profit or fee
DB = distributed budget
uB = undistributed budget (not yet distributed to CA)
CA =WP + PP = control account (to the lowest WBS assigned)
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Figure 3.1 shows a chart of the PMB hierarchy.

Figure 3.1: Performance baseline components

Performance baseline (PB)
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4. Earned Value Management System Description

The EVMS is a programme that evolved over many years in the construction and manufacturing
industries in response to continual project budget and schedule over-runs. It has been adopted and endorsed
by most of the internationally recognised standards organisations, including the Association for the
Advancement of Cost Engineering International (AACEI), the Project Management Ingtitute (PMI), the
American National Standards Institute (ANSI) and the United States Department of Energy (US DOE),
among others. The concepts described herein are relatively easy to understand, but require a significant
management culture change and a diligent effort to implement in the field. The only effective way to launch
the system is through a comprehensive training programme, coupled with a company-wide commitment to
excellence.

EVM S purpose

EVMS is an integrated set of policies, procedures and practices to support programme and project
management as a decision-enhancing tool and a critical component of risk management. An EVMS:

» Effectively integrates a project’ s work scope, cost and schedule into asingle PMB.

* Rédiably tracks:
— planned value (PV) of work to be performed, or the budgeted cost for work scheduled (BCWS);
— earned value (EV) of actual work performed, or the budgeted cost for work performed (BCWP);
— actua cost (AC) of work performed (ACWP).

» Provides performance measures against the PMB.

» Provides means of identifying, reviewing, approving and incorporating changes to the PMB.

» Providestrend analysis and evaluation of estimated cost at completion.

» Provides a sound basis for problem identification, corrective actions and management re-planning.

Applications

The EVMS should be implemented as early as possible in a project’s life cycle. It should be used before
any critical programme decisions are made so that it will include the performance baseline (including the
contractor’s PMB), and must cover the entire programme life cycle. It isideally suited for cost plus fixed fee,
cost plus percentage fee or cost plusincentive fee contracts.

The US DOE document Earned Value Management System (EVMS) (2012) requires the use of the EVMS
for programmes with a total cost project greater than or equal to USD 20 million (about EUR 16 million).
There is no actual limit of programme value, low or high where the EVMS can be successfully used except
for very short projects of only afew months duration. In fact, for initia training purposes a small programme
or project (USD 5 million, or EUR 3.9 million) can be used effectively.

In the past, the EVMS was not invoked for fixed firm-price contracts because of the contractor's
reluctance to share financial information of a proprietary nature. However, recent work has shown that an
equivalent EVMS can be used by substituting time instead of currency. On a fixed firm-price project, the
focus will be on schedule performance. Schedule performance is planned, tracked and reported in terms of
value expressed in time periods. This protects the contractor’ s proprietary information while still controlling
the project. An example of this application is shown in Chapter 5 (see the sub-section entitled Examples).
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Communications and staff training

When management adopts the EVMS programme, it must be communicated to the entire affected staff as
a measure to control costs and schedule. Announcement of the programme can be initiated using a formal
letter from top management, then followed up with posters distributed throughout the office buildings and
cafeterias, with perhaps a short series of talks during lunch breaks to call attention to the adoption of the
EVMS. Similar communications programmes were used in the introduction of the Six Sigma” programme in
the mid-1990s to build support for the programme among employees.

Communications to potential or existing contractorsis equally as important to notify them of what will be
expected relative to their work performance on a project. Potential contractors might be invited to participate
in the training sessions described in the next paragraph, at their expense, or require them to seek independent
training programmes at another venue. In either case, the message must be conveyed that the EVMS will be
imposed and implemented with the contractor’s performance (and payment) dependent on the work product
delivered.

Staff training is a critical part of communicating and implementing the EVMS. It must cover the full
spectrum of functional managers on a decommissioning programme, including the programme manager down
through the organisational breakdown structure to where the work isimplemented. Financia managers, contracts
personnel, procurement personnel, cost and schedulers, control account managers, engineering and planning,
operations and maintenance, waste management, radiological health and safety, health physics, etc., must all
be trained on the EVMS so they understand the inter-relationships involved with their actions on the overall
programme. Attached to this guide are sample training sessions that may be used for this purpose (see
Appendix C). Other references for training programmes and certification (discussed below) are available.
Executive management should also be provided summary level training sessions to understand the controls
and constraints imposed on the workings of the organisation.

Certification of the system

Certification of EVMS training is a valuable part of implementing the system into programmes. The
certification process ensures compliance with internationally recognised standards, and permits contractors to
move from one contract to another without having to retrain its staff. It also alows owner/licensee companies to
pre-qualify contractors as prospective bidders, and to evauate the quality of the readiness of a prospective
contractor to begin field work.

The US DOE G-413.3-10a requires a contractor to employ an EVMS in accordance with ANSI/EIA-748-B
on projects greater than or equal to USD 20 million (EUR 16 million) by Criticad Decision Point 2 and
certification no later than Critical Decision Point 3. The DOE Ciritical Decisions Points are asfollows:

* CD-0-— Approve mission need.

» CD-1-Approve dternative selection and cost range.

e CD-2 - Approve performance baseline.

» CD-3-—Approve start of construction.

» CD-4-— Approve start of operations or project completion.

US DOE certification appliesto:
e projectswith atotal project cost of USD 20 to 50 million (self-certification by the contractor);

* projects greater than USD 50 million (must be certified by the DOE Office of Engineering and
Construction);

* new contractors who have replaced contractors with a certified EVMS, or who require certification.

22

2. Six Sigmais a business management strategy originally developed by Motorola in 1986, which became well known
after Jack Welch made it a central focus of his business strategy at General Electric in 1995. Six Sigma seeks to
improve the quality of process outputs by identifying and removing the causes of defects (errors) and minimising
variability in manufacturing and business processes.
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Criteriafor certification

The criteria for certification are contained in ANSI/EIA-748-B, and should aso be in the contract
documents. Additional clarification is contained in the Earned Value Management Systems Intent Guide
prepared by the Programme Management Systems Committee of the National Defense Industrial Association
(NDIA, 2011).
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5. Earned Value Management Indicators

The EVMS methodology relies on determining earned value through the calculation of cost and schedule
indicators, and computing cost and schedule variances to determine the health of a programme (or project).
The determination of earned value will depend on the type of effort, whether it is discrete, apportioned or
level-of-effort. The calculations are relatively simple, and the means of reporting and collecting the
information is readily available through the use of modern accounting software. The system requires the
diligence of management to implement all its aspects and to hold the programme (and personnel) accountable
for variances that exceed pre-determined limits. The indicators identified herein are included in the
ANSI/EIA-748-B guide (2007), and are internationally accepted by project management professionals.

Discrete effort

There are three earned value techniques applicable to discrete work packages (with defined scope and
objectives that can be scheduled, and on which progress can be measured). They are valued milestones,
standard hours and management assessment. Variations are possible and quantitative formulas can be used to
compute earned value for work in progress.

“Vaued milestones” require the alocation of budget to specific work objectives (scheduled milestones).
Value is earned as the milestones are completed. The milestones must be meaningful points of
accomplishment and directly relatable to accomplishing the overall objective of the work package. For
example, a milestone for “inspecting and testing the fuel building overhead crane” would not be applicable to
transferring fuel from the pool to dry storage.

“Standard hours” are generally applicable to manufacturing accounts, where the budget is time-phased to
the standard hour plan. Value is earned in proportion to the standard hour status as earned standards are sold
in the shops. As thisis not generally applicable to decommissioning, no further discussion will be included.

“Management assessment” may be used to determine the percentage of work completed for a task, a
group of tasks or an entire work package. Value is then calculated by applying that percentage to the tota
budget for that work. For example, a bi-weekly (every two weeks) assessment may be made of the number of
meters of piping removed compared to the total amount in the work package, so that the contractor can
receive partial payment to pay his crews. This is common practice in decommissioning work, and
negotiations in the field between the control account manager and contractor superintendent(s) can be
controversial. The value of the EVMS is that if a contractor overstates what piping he has removed in one
reporting period, the next reporting period may be more difficult for earning partial payment.

Apportioned effort

Apportioned effort is work for which the planning and progress are linked to other efforts. The budget for
the apportioned account will be time-phased in relation to the resource plans for the base account(s). Status
and earned value are driven by the status on the base accounts. If the base account is on schedule, the
apportioned account will be on schedule and an appropriate amount of value will be earned.

Level of effort

Level of effort (LOE) is work scope or expense of a general or supportive nature for which performance
cannot be easily measured. Resource requirements are represented by a time-phased budget, scheduled in
accordance with the time that the support will be needed. Value is earned by the passage of time and is equal
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to the budget scheduled in each time period. The performance indicator is simply a comparison of budget to
actual cost. An LOE is generally used for staff management where the staff functional positions are fixed for
several months in a decommissioning period, and the monthly cost is the staff’s payroll, overhead, genera
and administrative expenses, and other costs. Utilities (electricity, telephone, trash services, etc.) would aso be
handled in this manner. LOE cost estimating for discrete work (piping and component removal, structure
demoalition, etc.) is not recommended as there is no measurable indicator of progress or accountability.

Per for mance indicator s and measur ement

Earned value is determined from indicators of the quantity of work completed, computed on the basis of
the resources assigned to the completed work scope as budget. It is related to but not directly linked to the
quality of the work performed or the technical approaches used, as a poorly planned task using inefficient
techniques will undoubtedly result in excessive costs and schedule slippages. The planning and techniques
used for a task are controlled by the quality assurance programme and the detailed technical review of the
engineering/planning organisation.

EVMS basic components

The following EVM S components are the building blocks of the cal culations needed to determine earned
value. All subsequent calculations are based on the data using these values. The processis quite smple, and as
noted earlier most modern accounting software can readily provide the information needed and make all
necessary computations. In particular, the Deltek Cobra accounting software (Deltek, 2013) is widely used by
US DOE contractors as the “gold standard” programme. Most other accounting software companies offer
modules to perform the same functions.

PV =planned value =BCWS = budgeted cost for work scheduled
= what was planned to be done
EV  =earned value =BCWP = budgeted cost of work performed
= what was done at budget rates
AC  =actual cost = ACWP = actual cost of work performed
= what was paid for the work
BAC = cumulative PV = cumulative BCWS = budget at completion
= original budget plus changes

EAC = estimate at completion = the actual cost to date plus an objective estimate
of costs for
the remaining authorised work

Calculations based on PV, EV and AC may be based on various time periods, i.e. monthly, cumulative,
last three months (quarter), etc. The next section of this guide describes how to collect the data needed to
calculate these performance parameters.

Variances

Variances are a measure of the project over-run or under-run, indicating the degree the project is either
over or under cost and schedule.

CV =EV-AC = BCWP - ACWP = cost variance

SV =EV-PV =BCWP - BCWS = schedule variance

CV% =(EV-AC)EV = (BCWP - ACWP)/BCWP = cost variance, percentage
SV% =(EV-PV)/PV = (BCWP - BCWS)/BCWS = schedule variance, percentage
VAC =BAC-EAC = variance at completion
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Cost and schedule variance are usually given an action range of acceptability wherein an explanation for
over-run or under-run is explained in a statement of the problem, cause and corrective actions planned or taken
to bring the specific activity into conformance. This variance analysis is self-correcting in that overstatement of
a correction is accountable within the next reporting period. That is, if the proposed correction is insufficient,
the following reporting period will show a continuing variance, and additional correction will be required. A
positive cost and schedule variance and an index of 1.0 or greater indicate favourable performance. The
project manager will usually establish currency, man-hour, or percentage thresholds requiring variance
analyses. The thresholds may be based on the year-to-date BCWS, as follows:

BCWS < USD 250 000:
%CV = (BCWP — ACWP) x 100 + BCWP= +10% and
$CV = (BCWP — ACWP) = + USD15 000
%SV = (BCWP — BCWS) x 100 + BCWS = +10% and
$SV = (BCWP — BCWS) = + USD 8 000

BCWS = USD 250 000:
$CV = (BCWP — ACWP) = + USD 25 000
$SV = (BCWP - BCWS) = + USD 15 000

Note: These percentages and dollar values are for illustrative purposes
and do not represent recommendations. The management organisation
must establish the thresholds and ranges of variability for each project.

Calculations based on PV, EV and AC are computed monthly, cumulative, or last three months (quarter),
etc. Available accounting computer codes incorporate the ability to calculate these metrics for management
review. Figure 5.1 shows the relationship between BCWP, BCWS and ACWP, and the schedule and cost
variances where “TAB” isthetotal allocated budget (contract budget base).

Figure5.1: Earned value management relationship
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Overall status

The overall status of a programme (project) can be evaluated using the following metrics:

% scheduled

% complete

% budget spent
WR

BR

= PVeun/BAC

= EVeum/BAC

= ACuum/BAC
=BAC - EVaum
=BAC - ACWPcum

= BCWScum/BAC
= BCWPwm/BAC
= ACWPum/BAC
=BAC - BCWPuum
=BAC - ACWPcum

= work remaining

= budget remaining

Performance indices

Performance indices provide a calculated index of cost and schedule performance.

CPI =EVIAC =BCWP/ACWP = cost performance index

SPI =EVIPV =BCWP/BCWS = schedule performance index

TCPleac =WR/BR = to complete performance index, BAC

TCPleac =WRI/ETC = to complete performance index, EAC (where ETC is the estimate to
complete)

If the CPI result isless than 1.0, the cost is greater than budgeted; if the result is greater than 1.0, the cost
is less than budgeted. If the SPI is less than 1.0, the project is behind schedule; if it is greater than 1.0, the

project is ahead of schedule.

Completion estimates

Completion estimates provide a calcul ated estimate at completion.

EAC = BAC/CPlecum = estimate at completion, general
= actual cost plus estimate to complete
EACcum = ACcum + WR/CPleum = estimate at completion, CPI
EACcomposte = ACeum + WR/(CPleum % SPleum) = estimate at completion, composite
LRE = latest revised estimate (contractor's, assessed monthly, annual
bottom-up)
ETC =EAC - ACeum = estimate to complete

28
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Performance measurements using the SPI and the critical path (CP) total float (TF) is another way to
monitor project performance. Total float is the total time an activity can be delayed on a project without
delaying the end date of a project.

TF>0
SPI>1.0 Ahead of schedule on CP; more work being done than planned
SPI=1.0 Ahead of schedule on CP; some shortfall in work on non-critical activities
SPI<1.0 Ahead of schedule on CP; significant shortfall in work on non-critical activities
TF=0
SPI>1.0 CP on schedule; more work being done on non-critical activities than planned
SPI=1.0 CP on schedule; total work volume as planned
SPI<1.0 CP on schedule; shortfall in work on non-critical activities
TF<O0
SPI>1.0 CP_ a_c_tivities behind schedule; total work more than planned, indicating excess attention to non-critical
activities
SPI=1.0 CP_ a_c_tivities behind schedule; total work volume as planned, indicating too much attention to non-critical
activities
SPI<1.0 CP activities behind schedule; total work less than planned, need more overall effort
Examples

A smplified example of an earned value cost performance analysisis shown in Table 5.1. The costs reflect
two persons each working at a rate of EUR 100 per hour, eight hours per day, for atotal of EUR 1 600 per day.
The current period for “design” shows no costs for the period, but the cumulative to date shows the BCWS,
BCWP and ACWP at EUR 32 000 each indicating this is a completed activity on budget and schedule so the
variances are 0.

Another example of an earned schedule performance analysis for a fixed- price contract using time instead
of cost is shown for comparison in Table 5.2. The schedule data shown in days reflect two persons each working
eight hours per day. The current period for “design” shows no work performed for the period, but the cumulative
to date shows the BCWS, BCWP and ACWP at 0, each indicating this is a completed activity on budget and
schedule so the variances are 0.

This type of schedule performance analysisis intended for firm fixed-price contracts, where the contractor’s
costs are considered proprietary and not to be shared. In this case as schedule is the primary focus of the project
manager, the same type of EVMS controls can be put in place using time instead of costs.
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6. Cost Collection and Controls

Cost collection and controls are the programme (project) data collected and used to determine the earned
value. In decommissioning it is a combination of project accounting reports and field inspections of individual
activities to determine percentage complete of a task for invoicing purposes. Accounting software will
provide al the necessary data to analyse EVMS management indicators. The control account manager or
designee must walk down the work performed or negotiate with the contractor to determine the percentage of
work completed in awork package for each reporting period.

Cost reporting and collection

The key data needed for the bi-weekly or monthly reporting period are the BCWS, BCWP and ACWP as
described earlier. If the owner/licensee is self-performing the decommissioning work, collection of this
information is relatively easy, as the project manager (or his designee) working with the control account
manager can extract the data from the control accounts. A decision must be made as to the monetary level
(dollars or euros) or milestone breakdown for each work package to facilitate reporting and control. These
decisions are generally determined from the project’ s natural breakpoints, as determined by the WBS.

If the work is subcontracted to a decommissioning operations contractor, the same process is followed by
the contractor, subject to the owner/licensee project manager approval. For a cost plus fixed fee, cost plus
percentage fee or cost plus incentive fee contract, the process is one of simple negotiation.

However, on a firm fixed-price contract the contractor is not required to share that level of detail for
proprietary reasons. Since the contractor bears the risk, the contractor also has the responsibility of project
controls. But as experience has taught us, contractors can declare bankruptcy or even abandon the project,
leaving the owner/ licensee to call the contractor's bond if one was required and provided, or to find a
replacement contractor (usually at a significantly greater cost). The delay to the project and additiona
expense is untenable. In this case, recent guidance has shown that the contractor can still provide an EVMS if
timeisused as an earned value indicator instead of a currency measurement. In arecent article in AACEI Cost
Engineering magazine, author Carol J. Christensen-Day (2010) described the process. Within the control
account breakdown, the following substitutions can be made:

BCWS = planned duration = duration for that group of work packages

BCWP (EV) = earned schedule = time at which the amount of earned value accrued should
have been earned, including the number of complete
periods plus any incomplete portion

ACWP = actual time = number of periods executed
SV = schedule variance = BCWP - ACWP

SPI = schedule performance index = BCWP/ACWP

EAC = estimate at completion = BCWSI/SPI

VAC = variance at completion = BCWS-EAC

Note that the aforementioned period values would be in units of time (days, weeks or reporting periods).
This approach protects the contractor’ s proprietary cost information, but provides the owner/licensee and the
contractor with a measure of earned value and health of the project. Both parties therefore benefit from this
process.
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L abour

Labour costs would be entered in the accounting software for each labour category. Work authorisations
would indicate the appropriate labour classifications expected to be used on the work package, and associated
charge numbers assigned to each individual. For the distributed budgets (hands-on work), the labour costs
could be accrued bi-weekly, as the owner/licensee or contractor would need to invoice for its costs so payroll
and other expenses could be paid.

For management staff costs, labour would be similarly accrued bi-weekly using the accounting software
system. As these costs are usualy level-of-effort, they may be accounted for by its appropriate WBS but
reported in a separate account as it is a repeating bi-weekly or monthly expense for each phase of
decommissioning.

Materials

The costs of materials in decommissioning are of two basic types: consumables and specia equipment.
Consumables such as small tools, cutting gases, plastic wrap, plastic bags, etc., are reported bi-weekly. Major
pieces of equipment may be rented, leased or purchased for the project. They too would be reported bi-weekly.
Specialy designed equipment, such as remotely operated underwater cutting tools or a robotic arm, would
likely be treated as its own control account within the appropriate WBS element for the work packages.
Reporting would be bi-weekly or monthly, as procurement, design, fabrication, installation and operational
readiness proceeds.

Storage/disposal

Storage and disposal costs will undoubtedly have their own WBS elements and control accounts. Storage
may require on-site storage canisters (such as spent fuel dry storage casks), inter-modal containers and a
temporary holding area until shipped off-site or to a storage contractor. Costs for transportation would be
similarly handled through a WBS sub-element with its own control account. Reporting would be bi-weekly or
monthly.

Capital expenditures

Capital expenditures would include construction of a spent fuel storage facility and its security and
surveillance system, or an on-site waste handling and temporary storage building. In some cases, the existing
security access facility may not be large enough to handle the increased number of personnel from external
contractors on site, and a new facility may be needed. These examples would be handled as capital
expenditures and have their own control account. Reporting would be bi-weekly or monthly.

Control account and wor k package completion computation methods

On most large projects like decommissioning, individual tasks (work packages) extend over severa
months. Determining the earned value can be a challenge in some cases if the scope of work in the package is
not well defined. There are anumber of methods available to accomplish this, including:

« fixed formulg;

e milestone weights;

« milestone weights with per cent complete;
e units complete;

* per cent complete;

* level of effort.
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Fixed formula

The fixed formula method applies to work packages and control accounts that span a short period of time
(within an accounting period of say less than three months). This method applies a per cent complete to the
start and finish of an activity. Generally, the percentages used in the formula are 0/100, 50/50 or 25/75%.
Under the 0/100 formula, nothing is earned when activity starts but 100% of the budget is earned when it is
completed. With the 50/50 formula, 50% is earned when an activity starts and the balance is earned on
completion. With the 25/75 formula, 25% is earned when the activity starts and the balance is earned on
completion.

Milestone weights

The milestone weighting method assigns budget value to each milestone. Upon full completion of each
milestone the budget is earned. This method is used for work packages with long durations and ideally should
have milestones each month or accounting period. Nothing is earned until the milestone is completed, which
means the contractor will receive no credit (payment) until the next or subsequent period. For the contractor,
it creates payroll problems unless the contractor has many other work packages in progress with successfully
completed milestones. For the project manager, it simplifies determination of earned value as no judgmental
or uncertainty isinvolved. However, it requires well defined milestones, which is a small price to pay to keep
aproject under budget and on schedule.

Milestone weighting with per cent complete

Milestone weighting with per cent complete assigns budget value to each milestone, and is earned based
on the per cent of work completed against each individual milestone. This method is used for work packages
with long durations and should have milestones each month or accounting period. The per cent completed
may be determined on the basis of material removed for the milestone. For example, if the milestone is to
remove al the piping from a given work area, amounting to say 500 meters of piping, the control account
manager (or his designee) will work with the contractor’s project manager to estimate the amount of pipe
actually removed during the reporting period. If 70% is removed, the contractor will have earned 70% of the
value of the milestone, or the value of 350 meters of pipe.

There is aways some amount of negotiating involved to reach agreement, but if the contractor
overestimates the per cent removed the contractor will have to make it up during the next reporting period
with no additional payment. The contractor will have to explain in its progress report why he missed the
milestone and what will be done during the next period to regain schedule. This is where accountability plays
an important role in earned value.

Unit(s) complete

The unit complete method uses a physical count to determine what is earned. To use this method, there
must be units that are identical or similar, and they must have the same budget value. For example, if a work
area contains 10 tanks of approximately the same size and complexity (and cost) for removal, the value will
be earned when dl ten tanks have been removed. If only five tanks are removed during a reporting period, the
contractor will get credit for only 50% of the earned value. The same consequences are faced by the
contractor as in the previous example, with an explanation required of why the contractor missed the
milestone and what will be done during the next reporting period to make up the delay in schedule.

Subjective per cent complete

The subjective per cent complete method applies a per cent compete to a budget value to determine what is
earned. The per cent complete value is determined by the control account manager (or his designee) and the
contractor. The method might apply for the preparation of detailed procedures needed for a subseguent
activity. The amount of work for each procedure might vary with complexity, or may depend on the project
manager’ s approvals needed for acceptance. Another situation may arise where the contractor’s work depends
on the availability of a major crane that is also being used by other contractors with higher priorities. The
subjective decision as to per cent complete may be a negotiated amount each reporting period. The control
account manager must maintain documented logic of the method used for each reporting period. Milestones
generally do not apply for this method.
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Level of effort

The level of effort (LOE) method is based on the passage of time. A monthly budget value is earned with
the passage of time and is always equal to the monthly planned amount. When using LOE, the planned value
(BCWYS) is adways equal to the earned value (BCWP). The earned value would be the same for each reporting
period, and the per cent complete would be the per cent complete for that phase. The actual cost (ACWP)
would be determined from the accounting records. For example, programme (or project) management would
depend on the management staffing level for a phase of decommissioning. The contractor's (or
owner/licensee’ s) staff costs are fixed for the periods of phase, and the contractor (or owner/licensee) would
earn the full value for that reporting period. The only challenge would be whether the size of the staff is
needed for that phase. This is generaly agreed upon early in the project so that monthly or periodic
negotiations are unnecessary. This earned value method should be kept to a minimal number of work
packages.

34 COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

7. Change Control

The performance measurement baseline is the time-phased budget plan against which contract performance
is measured. Measurement data require a documented PMB that accounts for the most current conditions of
the programme. Once the PMB is established or “frozen”, cost and schedule changes are processed through
formal change control procedures. Authorised changes must be incorporated into the PMB in atimely manner
and reflected in both budgets and schedules. A change control process is used to establish, analyse,
communicate and record approved changes to the programme baseline.

I dentification of scope changes

As noted earlier, scope changes are the largest cause of cost and schedule over-runs. If scope changes are
not identified early and adjustments made to the budget and schedule immediately, the programme and
projects can get out of control. The effect on management performance, credibility and reputation can be
devastating. Relations between the owner/licensee and the contractor can become adversarial when there is
not a clear understanding of scope changes, adjustments to budgets and contracts, or schedule extensions.
Adversaria relationships often end in litigation and incur additional expenses.

For any type of contract, be it cost plus fixed or incentive fee, firm fixed-price and even time and
materials contracts, a clear identification of scope isimperative to good management principles and practices.
As has been stated in numerous other articles, conferences, meetings and guidance documents, early
radiological and hazardous materials characterisation must be performed before a contract is awarded. This
means the owner/licensee has the responsibility to perform the characterisation work (or contract for it to be
done) and to distribute the resulting report to all potential bidders. In one case, the owner/licensee invited
prospective bidders in to specify those areas of the facility for which they needed characterisation data, and
that data was made available to all bidders. The contract was tendered with the understanding that any
subsequent contamination found on the site would be the responsibility of the contractor. This approach threw
all risks on the contractor, and forced the contractor to do very careful planning before submitting a proposal.

In some areas, pre-characterisation may not be possible because of inaccessibility or high radiation dose
levels. These should be clearly identified in the scope of work, and a separate contract rider (or addendum)
issued to deal with these areas.

Experience has shown that scope changes are necessary either through an unidentified change in facility
conditions or through a management change in direction or objectives. These need to be immediately
recorded in contract documents and adjustments made in budgets and schedules.

Change control procedures

The owner/licensee needs to establish a policy of change control and prepare the detailed procedures for
implementing scope changes into the contract(s), budget and schedule. Part of any EVMS training programme
should be a session on change control and use of procedures.

In some cases, scope changes need to be implemented immediately for safety or security reasons and
there may not be sufficient time to prepare al the documentation and negotiate the revised budget and
schedule. In these situations, the project manager may authorise the contractor to perform the work under an
interim adjustment in budget and schedule, with a limit on expenditure subject to final scope change
modifications. This happens frequently in the field, and these “horse trading” situations often are
accomplished effectively and co-operatively. Subsequent follow-up with the forma documentation and
budget/schedul e changes should not be delayed.
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8. Cost Perfor mance Reports

The EVMS programme is only effective if the information on project status is communicated to the
programme manager early so adjustments and course re-direction can be made in a timely manner. This is
formally accomplished in the cost performance report issued (typically) monthly by the management staff.
Each company (owner/licensee and contractor) will develop its own report format to suit its needs. As a guide,
the US DOE has published five report formats (Humphreys, 1984) which are used by its major contractors on
projects. The reader is encouraged to use the following link to obtain a clearer copy of these forms:
www.directives.doe.gov/directives/0413.3-EGuide-10a/view (US DOE, 2012). These are described herein.

The cost performance report (CPR) is the most comprehensive of the EVMS reports. It is normaly a
monthly report and has five different formats:

» Format 1 —Work breakdown structure (WBS);

e Format 2 — Organisational breakdown structure (OBS);

* Format 3 —Baseline;

e Format 4 — Staffing (manpower);

e Format 5— Variance analysis report (with explanation and problem analysis).

Appendix B shows the five US DOE report formats. Very large projects use all five formats, prepared
and issued by contractors (or the owner/licensee), to determine the detailed status of the programme.
Depending on the size and duration of a programme, the owner/licensee may not require al the reports and
may delete one or more of them. As a minimum to reduce paperwork, only the CPR Format 1 (WBS) and
Format 5 (variance analysis report) may be required.

As noted earlier, most accounting software packages will perform the earned value calculations every
two weeks as part of the payroll caculations. While these accounting reports are not reported every two
weeks, it provides the programme manager an early indication of potential problems arising.
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9. EVM S Assessment

The EVMS programme has been used extensively on al United States government programmes,
including the DOE, the Department of Defense, US Navy, the National Aeronautics and Space
Administration (NASA) and al major contractors performing services for these organisations. Internationally,
the British Aerospace Military Aircraft Division, ALSTOM Transport Ltd., Cofap Automotive Suspension
(C.A.S) R&D Division (an Italian automotive equipment supplier), and many others have adopted the EVMS
for control of multi-million and multi-billion dollar (or euro) projects. There are numerous professional
training organisations offering courses on EVMS principles and practices, with professional credit offered to
support licensure (chartered) requirements.

While seemingly overwhelming at first, the EVMS organisation and logic are straightforward. It requires
a management commitment and culture change to implement the programme. Comprehensive training is
necessary, and should involve all levels of management and prospective contractors. Start with asmall project,
and learn with minimum risk. Then graduate to larger projects. The investment is small relative to the
dternative of continued cost and schedule over-runs, and management frustration and embarrassment.
Success will build stakeholder confidence and trust.
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AC
ACWP
BAC
BCWP
BCWS
BR

CA
CBB
CP

CPI
Cum
CSCS
cv

ETC
EV
EVMS
LOE
LRE

MR
OBS
PB
PEP
PMB
PP

SPI

TCPI

Appendix A: List of Acronyms

Actua cost

Actual cost of work performed
Budget at completion

Budgeted cost for work performed
Budgeted cost for work scheduled
Budget remaining

Control account

Contract budget base

Critical path

Cost performance index
Cumulative

Cost and schedule control system
Cost variance

Estimate at completion

Estimate to complete

Earned value

Earned value management system
Level of effort

Latest revised estimate (at compl etion)
Million

Management reserve
Organisational breakdown structure
Performance baseline

Project execution plan
Performance measurement baseline
Planning package

Planned value

Responsibility assignment matrix
Schedule performance index
Schedule variance

To complete performance index
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TF
TPC
UB
VAC
WBS
WP
WR

Total float

Total project cost
Undistributed budget
Variance at completion
Work breakdown structure
Work package

Work remaining
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Appendix B: US DOE Report Formats

E (e Gy Uaean) INCILY DIIS ST 0
01 IPUAESAGId #0006y
QIZILOHLNY NOLLINOOE43E 1v0o0 JL2TTSEO S| NOILIOD SO0 T GOOZ HAY “LIVELE INHO4 aa
| | | Tooo nor o | | | | | | | I | IDNVIMVA LOVHLNGD TW.0L a9
| | | | | | | | | | | LNIWLSNPOY JINVINYA e
ISvE | ID0ANE LIVHINGD 0L NOILYITIONOI3H ‘6
| 00 (5] 000 (] 0 0o ] 000 (S 000 0o [N Tv.oL B
| | | | | ] 3AHISTH INTWEDWNYN L
- - . . A . . R . . . . . . AU LS
L] oo Q00 (ANN] OOy 0o 0o [ 1] Q00 0o oo Qo oo oo 0o aoo STRMLAITY] TYLOLINS &
1380N3 AALNAHLSIANN P
AN VMLSININDY % TWHENID 2
AINDW 40 LS00 "4
ANIWITT FHNLONYLS
NADOAVIH S HBOM T
laLk ik b [ =1 B LY {=ghd (171 oLk iah lal 1) ) Il 2] () (1]
4390N3 FINRIA | FINFIHN A50R FAWREHIS | gawnngeas | CERNEHDEES | O3 W0IH0S | S0 AWIAIHDIE | asn-b S | DINRIDEE | 031N IHIS
EECTLICEN FRERETNTES] RVRTE T LI L 1400 Aoy 1anof  EEM i aOm (Eng)]  FHDWM HHOM
SINIWILSNray BN A T LE00 AIENE FON VIS THLLDY AS0D QALIDONE (' ETR)
NOULITHNOD LY SNIWW YHIDHIIH ALVA 0L JAILYTINWND A0IH3d LNIHEND
VLVd IONVINHDIE3d 2
ATIHM LEOM 3
3ISWD 1SHOM "4
FECIVIAALL GINSIS 3Lva P FUNLUNDIS 3 ISVO 1539w
1 izl [
) MNOILTIHMOD 1Y
L PRI O Ry RS JNYN R SONWRNA LA L DVHINGD JLVHILLED INIAOSYNA

AAILYLNISIUD IH HOLOIVULNOD QIZIHOHLNY L

ANOLLITAINDD LY LS00 OILYINILST "9

VERRMAALARL)

FLOEL0 30 g Y LADWHLNGD "LS3 'Y

DNMIED

DNITED
19WHINOD B

Q3LVIMILST TR

3Didd
3D1Hd 13DYWL e

'AHCHd L3DHVL P

334 HHOAM O3MEdNN

EZIHOHLNY LS0D "8 2

QALVILCDIN 9

1200

ALLLNYND &

Wiwa LDOWHLNDD G

AL S3A | | on|
FONVLICI00W SWAS 2 CILVH 3HVHS P 3dAL 2
IHTWAAALA) OL '8
ISUHd "9 WIEWNN 9 (P00 i {IR SRpp NOWWIOT fa
(ITTNAAAA A WOHS @ Bk NN e NN T
QOIEId LHOH43H "+ WYHDOHD € LOWHLNGD " HOLOYHLNDD 'L

“S1IMNIWIHINDIYE TWNLDWEHLNDD HLIA IDNTOH0IOY NI SWEDY 03LTEN0D 1Ians

“NOLLYZ INYSHO IA0SY JHL OL WHO- H0A NENLIY LOM O30 ISvInd

IDQUINY (T3 GO PR RN © ASISE 100 S0P b [ UORELISHUE IS UITIII0R B K A oo G R IR 19 A1 UGS AUE 03 TA0IGNE S | RS DOSARG o AE] J LK frld 100 10 AUT U G AL DU 10l RT3 A IO 51 LR o Ty

B I0-E0.L0| DIRIGLIMIN SPHADE DNLAZOXT BEUOIE 1D
Biacnsimss e DiNLa RS R FOpem0 e S DR g e e e e 5 S os GRej B s B Iees s #0 s  BULs sees o) Suel sl O

LD oAjL G1 CUDRITN DL 0wz

42 130450 LMD AUS IO DINLASE URRIRG MNL DU B0l SIUD WS BUDS TSI
i ks el SEEA | SRS A G PO B B AR QUL (6 AL ST S 80| e

B 203003 DYL
i jacatins el au))

BRI D TN SO

PEACIGEY L

NI SHvII00

FHUNLINY LS NMOONVIHE HHOM - L LVINHOd
LHOdIH IONVIWHOIHId LOYHLNOD

e padiny UAAA) NCILLY JIHISST 10

9N19N 1S UMOPXES.q Y JOAA (T Tew Jod

45

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

O LD o B

QIZIHOHLNY NOILDNADHLIE 19207

‘JAITISE0 S1 NDILIOF SN0IAIHS

(L S DAY NOILY DIAISSY 1D

G00Z HdW "E/FELE INHO4 aa

(L) L] amo LN ] aa LILIE] L] nEd ano ooon L] oo Lk ] oo TELOL B
ANHISIH LNINEDTNYN
] o i o ] oo oo o0 0o 0o ] a0 ore oo 040 oo 000 _fmesmn memsa e
AT TWLOLENS @
1390NE GELNEELSKING P
AALL VLS| NIWDY 2 Touanas -3
AIMNOW 40 130D °9
oo
AHDDILTD
TV NOLL VZINY D0 E
okl EL) lenl 1L ez L Y% Kbl L= 121 el 5] 151 el U] 11 1L}
139a0mA | I RITA TEL 5] ANTRS | o mis | OWREDEOG | QI WHOHDES | 1500 | 3IN0EHOS | oopagos e | OIRH0 EE | 00100 310
DN RIS | OIS | 0000 AW 1s5te wuna 1son AR HHOM e Lgn| A A
SINIWLSAraY TN R LD LS00 0L IR T 14270 (L ETRE T waL
NOILITHNOD LY ONIAINTHE OHCIH AU OL TALLFINNN D AOIHId L NIHHMD
YWLlod IDNYWHOIHId 'S
foasaaadsaa | [on| |
IDNYLAIDDW SWAT '3 CILYH SHYHS P IdAL >
TEIRIIIA AAAS QL
ISWHA ‘4 HIEWnNM 9 (S0 F pue SEMecy! NOLWWYDO0T "9
ATAHRAAAA] WOHd e AWEN © E L E L I
OOHId LHOd3H T WYHSOHAd "E LOVHLNGD "E HOLDWHILNOD "L

HNoA “EH—.N: LOM CO T
e CEE | DL =
oyl Ei.s...l: Frus Bl phin o

CISIIIE [0ILL0D (W0 PR QRUSUTD B ARMER 10U 5200 1 1 UGADURoGU] O BoIaE o0
M) LG S sy eResslag] @ gumepedeg] B e umpsineg s B e kg s (s e Bupegs e Cusie e,
R B S B e e Buu e R RS s e D asas e DN S RAR R (s i R S S

“SLMNIW IHINDIY TLICHLNGD HLI SONTOHOI0Y NI SWHOA O3LTTEW00 LIWANTS "NOLLYZINTDH0 IACEY IHL Ol WHOd

JO) ANDUDE AUE 0L LIS KGN 00 |[0UE BOCER] OU ARY D UG B0 Jeyie Ao DUBLD ISYIRILou BRYL JI0TAD S By IR
3 nnpss e mig) s gasle s Lue s s es e Sy Bl e SIS USRS USRS P e s
Sab CERE A di] AT T SRR A O SR R RS BRSO A0 O g RS e B o dea el B

LR B SN EENG
PEADSTS oy

Ml S¥vIT0a

STHODIALYD TYNOILY ZINYODHO - & AVINHOA
LHOdIY ADINYINHOIHID LITHINOD

LN B ) NDILLY DIISS Y10

sal1Jobered [euolresiueb iO g rew o4

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012

46



NEA/RWM/R(2012)10

[

SO 28] D] SOOI

FTHOH LN WO LN 3ASHE3E 1007

‘FLITCEFTO S1 NOILIO3 SNCIAIYEL

Fed) Papis danishl NOILY DIHISSY 1D

SO0Z HdY "E€/FELZ IWHOY ag

[ELiN)

AYLOL

k]

Aanya=ad

PRELTE L

(PP 50 i
INITISYT
LNIWIHNS I

FINTIWHO IS

AOid3ad
1HOJdIH SNIENa
O5L-OHLNY

SIADNYHD INIIIEYE ¢

fRousy 0 Bupmubeg)
ELREELE]
LNIWIHNS FIW

AINVINHO A3 -~

[1:]9] (=18}

4354018 L30T

(15 %] [[+9] (4%

[1Y%] L]

Il 1] (Fi]

o o e

s ] I

LR T

Terl L34 (F4]

L RSTE twal

TR OILMEAHL

SOCNH LS (L0 WL

PN p 0 S el SR O LML K

LeCdIHd

Slanan

fearminiZ-on] ISM0E ) O3 TNaIHDS AH0M 504 1S0D J3139and

EEEETNE]

QAL
Al ]

0l

WAL

WLYO IDINTINHOIEIS -

PN L A
ALW0 NOLLITdWNDD J3LVINILED

AL9A NOILINDWNOD LIVHLINDGD 'Y

T ITTRAAA A A

TETCTANAA AA L)

SLVO0 NOILAHAWOD 93NN I

(EPGAAAA AN T
- NOLEZI LINIASO LOVHLNGD

WAV AL AA)

ALVO LHWLS LOWHLINDD ©

Orr

fJ - 3 FDNIYISAa 6

l13oand
JEALYI07 Y I¥L0L 4

LR
I'p + "2}
ASVA L3Dana
LOGTHLNDD &

HHOM JI21H4MN
OIZIHOHLNY 0
A1S0D JaLYNILES P

000

g e
1500 0309ILCE3IN

LMNIHHND

SADONYHD LOVHLNOD
JALYILODIAN

1500 03LYWL083N

‘q ToNISNED "

TLWO LOTHLNGD 7

TERAIAAALL 5T A _|_ L1 _|

FAINYLJIDOW SIWAT "D

DLLYH JHTHS P

Fd AL 2

fERrAEAAAA) QL "9

ISWHL

HIHWMNN ‘9

(0T o7 PO SERADE) NOILY D07

SCTTAAA AL A INOHS '

JWNTN e

e

AN

A0IHId LHOH3H "1

MNYHEOHLd 'E

LIOWHINOD 'E

HOL D WHLNOD

L

"SANFINEHINTDIE TONLIWHINGD HLIAL SONYOH00 00 NI SWHO S O3LTE4N0D LIWANS RAOUYZINYEED JACSY SHL 0L WHOD HN0A NENLIH LON O0 3Sv31d

CADCRUNU 0PI FR PURS A IUaunD o Ao s LOW SeOp B H USILSIUA0YN j0 UsLDapas ¢ ysee Apiusos o3 Buwpey oy Ayprusd S o) 30algrs aq oys wosiad oo TAEp 30 uos o By10 Aus BupurisyLeaiou Syl RGE o pikeys Suspucdssy Clae o pnda
] SRR RSy Cesussg] o (Aswpedeg sy 6g uspeeg sy Dusepss oy ssonssElns Bupnpe Csoipease g oo aopssps sep pn g soge lue a s e uspoeg ey ) Dopmileg sgusoees pos g

P B pdins pris prepeei s

A e g uoipEsgEs Sp Eurseiasg
(b Elsuie e P Dae ] Secaames eep Bunsi [ egoiees S eeEen s Buiaeiae so) saet el Sugegoes s oo e e Cog SBE e 0 pEEL I RE S SO g |0 st s Sl 0 uspirg B iostes seqed i)

HE Q0L 0 TN SO
Paaooy Ly

MI SEVITO00

ANINISYE - £ LvYINHOd
LHOdIH IDNVINHOIHIA LIVHLNOD

(e ST S2AA] MOILYDIISSY 1D

aulpsed ¢ Tew o

47

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

O L EUDISSE0IL B0y
TJIZIHOH LAY NOILINd0H43H T% D07

'FLITVEEEO S NOILLIG3 SN O1ATHS

fowr @agpy d2yganl NOLLY OIS SV 1D

GO0DE HdY "t/reEs £ INHOA Oa

L] Ll L] o ] L L] o L] [} o o o o LOIHIG TWLOL "8
Lk (18] Lk (B4 kbl WLk (L] L=l Lek L) sl il =1 [E4) Wk
[
P LL 3 T o =t Bt £+ 53 Lt 00T
ANIHHED 3 AR LD
1w SIS O EE0 s M LA LTy o0 mevarear doragl  HIROWE AH ST EEDE HENOPW XIS 40 OE A NEE O TETCH L I TR O
T LI PO Y
(EATRENT LT D - Lo LSYwD3IM0d
FEwSgue Spoupen Ly ssaeoy el wLNO FJONYINEOIEIL S
feaaiiil saa ] Jon|[
ADIMNY LJIDIDIY SWAT D OILLYH JHYHS P JdAl D
TV A AAAL DL "9
ISwH4d 9 H3gwinmM_ g (BP0 oy pue ssesprp) NOILYD01 49
ST AAAL INOUd e B JNTN e JNYN
TOId LHOGTH " WWHOOHD £ LOWHLNOD T HOLDWHLNGDS "L
"SLNINEHNDEE TONMLYHLNCD HLIW ID3MNYOH0 3% NI SIMHOS O3 LT HdINDD LIINASNS "ROILTZINGDHED 3ACEY SHL OO0 IWHO- WiioA NENLIH LON O0 ISYEd
CISUENU RO ENG PIES Aussie e Aspisgg Lou Ss0p Q) UHERLOEE B0 UsEseges = geea Aplaos o Bepeg g e usd Ame o) ooslges sgogeys oosaesd s aep o sorsace! ey Aoe Bupse s gmeasnm gl sierae 5o pHnoas siespundEsy CIHE | 0-b0Lol
SR OEDS R SOSHANAS, GAIMIESENT ESAeC) 1O Beailieda] Gl G8 Tusea s DUISE J0§ S U056 000 DU e eI LISEUL P G0IISE00 S O Eeds Gegio AL B SIRAUSE USRI Sigl DGR S ST AR LRSI §0 SO0 Safl DUl i
P e sapd o pus pepess IR L Daumpaes pue Deuayed] “Seosnos @pep Dunsxs D yoaees Suol s mssul DUbsasaes o) s sy Supegns -sseodse ad smoy g s0eeae o) =1 o I10D SEyL 0 UBEreg DUicdes SR e sy |
FELFFOO0 ON S0 DNIFSVLS - T LV INEOd
pancsddy oy ATHOGIHE IDNYINHOIHId LIOVHINOGD

FEN REES WEUAAT NOILLY IS S 1D

Bulyfers v rew o4

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

WA [PUESE 0 Sy

O3 ZIHOH LAY NOILDNOO0E4S3H 1% 207

0 D SEAY NOLLY DIHISSY 1D

FLITEHFEED 51 NOILIAS SOC1AIHd

SO0Z HdV "S/vELE INHOL ad

PaUUEd 40 USYE] SUQNDY 2A032007

JIDENUOD [B10L U0 398443

WSE] B1BIpaLuLL] uo 13843

suoseay juedpubig jo voneusidx]y
aoueneps Jo apnuubey pue adA |

Hyoea aquosap pue ApIUuap|) SaoUBIE,, JUEIIUBIS JO SISABUY

uvanelodicoul anpayas 18bie | JaaAd 10/ pue auljaseq 1ab1e | 180 Jo UOISSNISI]
{t ot Bugiels paiseaalod v sabueya gesane Jo sipys Buiseydawnl weayubig
(g w|uwuo 4l (gan0gl auaseg u s1pys Buiseydawn weayubig
ansasay wawabeuepy u sabueyn

1abpng painquasipun w sabueyy

(gL 8 ¥o0ig 1o "2°0 'g'g "E'Q 532018} 5,2v3 usamiaq sadualaliig
SBDURLIEN 1DEIIU0T [IEISAD O Aleunng

SISA[EUY Alewiuang

101 palll]] 10U S 14 SpNou| pINOLS BOISSNos]

MNOLLYMTYAI "S5
lamiA A S3A | | on|
FINTLAIIIY SWWAT 0 OILYH IHTHSE P 3dAl T
WA AAAL OL "9
ASWHd 9 HIgWNNM 9 (B0 NF PR FFarDUE) NOILY 20T "9
MTTAA A AAT INOHS 2 JNYN & ANYN e JNYN e
OO LHOATH "t WYHSOHd £ LOWHINGD " HOLIWHLINGD "L

"SLNIIWTHNTEH TYNLOWEHLNGD HLW 32N TOH0I37 NI SINHOE J313N4M00 LINENS "MNOWYZINYDHO SA0ST SHL OL WHDE HDA NENLIY LON OO0 38vand

UCTELCL [ GO0 S pD Boeds Sl ALR M RERLEGSE USPUNG I DuipieEle 5,

ABGRUI [LUGD HE0 Pars dEusas e Aeplsg 10 seop oy usEE o 0 usnoees e g Aduos o Bupe) g Agmoed e o) weloes oo megs wosed oo el o ussinosd soyee Aee Bupsssgmoson e aeiae og pEogs sLuspecdsoy {2EDDOE000E
R 2RI SEIAIRS SARGERT REUBRE) P b E e Bl OF USR] el [EEFRETY -

g L s gl

e Dupapdiens pUR “pepes BIEp 4l D an pue DU s Saomeos Gpep Do s BUiosmss oo miEs i) Dusss1anas g aime sl Dupn|ou ssnocsa) 1e0 seoly [Op S0206A0 0 PoEtiiss S GOe Uil J0 USEDs oD Sl g Bapandg Buipocdas g sy |

&L 00 0N HiN0
e i cea

SASATVNY WITH0Hd ANV SNOLLVNWY IdXd - S LVINHOD

1HO43H FONVINHOAHId LOVHINOD

(L RS EEA NDILLY DIISSY 1D

sisAfeue aduelieA G Jew o4

49

COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

50 COST CONTROL GUIDE FOR DECOMMISSIONING OF NUCLEAR INSTALLATIONS, © OECD 2012



NEA/RWM/R(2012)10

Appendix C: Earned Value Management
System (EVMS) Training Sessions

Prepared by T.S. LaGuardia, PE, CEE for the OECD/NEA

Session | —Introduction to EVM S

Scope of Session |

The objective of Session | is to introduce the Earned Value Management System (EVMS) and lay the
groundwork for the succeeding sessions. The following topics will be discussed:

 thedefinition of earned value management;

 thedifferences between traditional management and earned value management;
* how earned value management fits into a programme and project environment;
» theframework necessary for proper earned value implementation.

What is earned management?

EVMS is an integrated set of policies, procedures and practices to support programme and project
management as a decision-enhancing tool and a critical component of risk management. The following are
characteristics of EVMS:

» effectively integrating a project’'s work scope, cost and schedule into a single performance
measurement baseline (PMB);

» reliably tracks:
— planned value (PV) of work to be performed or the budgeted cost for work scheduled (BCWS);
— earned value (EV) of actual work performed or the budgeted cost for work performed (BCWP);
— actua cost (AC) of work performed (ACWP);

e provides performance measures against the PMB;
» provides means of identifying, reviewing, approving and incorporating changes to the PMB;
» providestrend analysis and evaluation of estimated cost at completion;

« provides a sound basis for problem identification, corrective actions and management re-planning.

Why use EVMS?
Earned value permits management to determine:

*  Where have we been?
*  Where are we now?
*  Where are we going?

It provides a quantitative measurement of the status of a project, and alerts of potential problems that
need to be corrected during each reporting period. It further provides a mechanism to look ahead and to
anticipate problems before they occur.
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Guidance for EVMS

EVMS follows the internationally accepted guidance contained in the American National Standard
Ingtitute (ANSI) document, Earned Value Management System (ANSI/EIA-748-B, 10 September 2007). Most
United States government agencies follow this standard, including the US Department of Energy (US DOE)
and the US Department of Defense (US DOD). Other organisations endorsing this guide are the Association
for the Advancement of Cost Engineering (AACEI) and the Project Management Institute (PM1).

Where does EVM Sfit into the overall programme?

First of dl, the notions of “project” and “programme” must be clearly defined. A project is a group of
activities or tasks to perform a service or create a product. It has a defined beginning and end. A programmeis
a group of projects managed collectively to accomplish an overall objective by co-ordinating resources, costs
and schedules within a defined funding limit. While the terms “programme” and “project” are used
interchangeably at times, for our purposes the definitions above apply throughout this training session. The
list below follows the steps involved in programme management, and situates EVM S within those steps:

¢ Programme management:

— project management characterisation;
— budgeting;

— cost proposal s/negotiations/contracts;
— scheduling;

— funding;

— cost/schedule collection;

— change contral;

— earned value management;

— forecasting;

— resource management;

— reporting;

— risk management.

Comparison of traditional management to EVMS

Traditional management only has two data sources, the budget (or planned) expenditures and the actual
expenditures. The comparison of budget and actual expenditures only shows what was planned to be spent
versus what was actually spent at any given time. It does not show, however, the physical amount of work
performed, or what was produced for the money spent, or whether what was produced was according to the
schedule as originally planned. It simply does not relate the true cost performance of the project. As Figure
A.1 demonstrates, this traditional comparison only represents the relationship of what was budgeted (planned)
versus what was actually spent.

Figure A.1: Traditional management comparison
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By comparison, earned value management has three data sources:

 the budget (or planned) value of work scheduled;
» theactual value of work completed;
» the“earned value” of the physical work completed.

Earned value uses these three data sources and compares them to provide a more informative picture of
the project status. Figure A.2 shows the relationship of these three data sources for a project.

Figure A.2: EVM S evaluation comparing budgeted cost, actual costs and earned value
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Figure A.2 shows the budged cost, actual costs and earned value. The budgeted cost line is below both
the actual cost and the earned value lines. This indicates that the project is expending more than was
budgeted. If the project follows the current spending rate, the forecasted cost will continue to exceed the
budgeted cost. This, however, isnot al that can be extrapolated from the graph.

Comparing the earned value line to the budgeted ling, it is also apparent that the project is producing
more than was budgeted. Comparing the actual cost to the earned value, the project is spending more than was
budgeted. The cost and schedule variance will show the status of project performance.

Using the example in Figure A.2, we can calculate the cost variance, BCWP - ACWP (EV — AC), or 45
— 60 = -15, or an over-run of 15. The schedule variance can be found using BCWP — BCWS (EV — PV), or 45
—30 = 15, or ahead of schedule.

The EVMS nat only shows the budgeted and actual costs, but aso what was accomplished for the money
spent, what the project will cost at completion and how long it will take to complete.

Framework for EVMS

EVMS relies upon inputs from the programme to establish the structure of earned value. The inputs
consist of:

» work breakdown structure (WBS);

» organisational breakdown structure (OBS);
» baseline cost estimate;

» baseline schedule;

» performance measurement baseline;

» cost/resource control plan;

» change control plan.
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EVMS uses simple formulae to determine the status of a programme/project. These earned value

formulae are as follows:

PV =planned value
EV  =earnedvalue
AC  =actual cost
BAC  =PVum

=BCWS = budgeted cost for work scheduled
= what was planned to be done
=BCWP = budgeted cost of work performed
=what was done at budget rates
=ACWP = actual cost of work performed
=what was paid for the work
=BCWScum = budget at completion

= original budget plus changes

EVMS adso incorporates outputs in the form of periodic (bi-weekly/monthly) reports to keep
management informed of the status. Thisis done using the following variance formul ae:

CV =EV - AC = BCWP - ACWP = cost variance

SV =EV - PV =BCWP - BCWS = schedule variance

CV% = (EV — AC)/IEV = (BCWP - ACWP)/BCWP = cost variance, %
SV% = (EV - PV)/IPV = (BCWP — BCWS)/BCWS = schedule variance, %
VAC = BAC - EAC = variance at completion

The main outputs are reports. They are the key method management uses to learn the status of a
programme. There are several suggested formats used. The US DOE formats listed here are provided in

Appendix A:

* Format 1 — Work breakdown structure. Provides cost and schedule performance data by WBS

element.

e Format 2 — Organisational breakdown structure. Provides Format 1 data for the contractor’'s

organisation.

» Format 3 — Baseline. Provides the budget baseline plan against which performance is measured.

e Format 4 — Saffing. Provides staffing forecasts for correlation with the budget plan and cost

estimates.

« Format 5 — Variance analysis (explanation and problem analyses). A narrative report used to explain
significant cost and schedule variances and other identified contract problems and topics to the

control account level.

Summary

This session provided a detailed definition of the EVMS. The benefits of EVMS over traditional cost and
schedule approaches were compared, and a framework for EVMS was provided based on the WBS, baseline
cost and schedule and performance metrics. It was explained how variances are used to determine the status
of aproject, and severa reporting formats were provided as examples.
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Training Session |1 —Work breakdown, organisational structuresand responsibility assignment

Scope of Session 11

The objective of this session is to review the process of setting up a work breakdown structure, an
organisational structure and a responsibility assignment matrix for a programme (project). This session will
include examples of the foregoing three elements for typical decommissioning scenarios.

Work breakdown structure (WBS)

A WBSis away of organising a project into groups of activities or tasks that are inter-related to achieve
a specified scope of work and objective. The WBS is used to develop the project baseline cost estimate and
schedule, and to establish controls to ensure objectives will be met. Like cost estimates and schedules, the
WBS is a living, changing tool that reflects project changes as they occur. Pictorialy, the WBS is drawn
to look like a company organisation chart, but functions in an entirely different way. Figure A.3 shows a
portion of aWBS for a decommissioning project. The strata are identified as Levels (1, 2, 3, etc.) to show the
inter-relationships involved.

Figure A.3: Pictorial WBS

Level 1 - [ owmerticemes
1
1

Decommissioning
Level 2 HPP Unit 1
11

I - T - T - T T T - 1

Pre- ity shutdow " S , Operations, | Conventional Project mgt. &
decommissioning H‘i'“‘.’".‘ " W Dismantling within Waste £ . R e all:;fili“zr:ilgifm

actions activities Procurement; contracts ineeri P!
111 112 113 114 L 115 [ 116 117 L e

Level 3 J

Figure A.4 breaks down the activities below the “Level 3” indicated in Figure A.3. Using “Dismantling
of main process systems and structures’ as an example, further breakdowns would be identified. Level 5
could, for example, be identified as a control account (discussed below). Level 6 and below would be
repeated in the same manner.

Figure A.4: Breakdown of activitiesbelow Level 3in Figure A.3

Dismantling within
the controlled area

113

Procurement of

Dismantling of

Preparations for
process systems

Demolition of

equipment for : "
dismantling dismantling 1133 and structures structures 1136
1132 o 1135 o
1131 11.3.4
v v v 7 v
|
1 1 1 1 1

Removing asbestos Final radiation survey

Remove reactor
vessel

Remove reactor
internals

Remove main
process systems

1.13.44

Remove primary
loop components

1.13.43

Demolish bioshield

11345

11341 1.13.4.2

The process would be continued down to the level that specific contractor work could be identified. For
example, “Remove reactor vessel internals 1.1.3.4.1" would be further broken down to the contractors
designing and procuring the tooling, installation and testing, and finally segmenting the internals. This is
shown in Figure A.5.
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Figure A.5. Further breakdown of the WBS

Removereactor
internals
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Internals

Contractor designs,
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and testing segmentation
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J

The graphical hierarchal diagrams shown in Figures A.3 through A.5 is much too cumbersome to use in
practice. Instead, an apha-numeric listing would be used as follows:

1 Owner /licensee
1.1 Decommissioning NPP Unit 1

1.1.1  Pre-decommissioning actions
112  Facility shutdown actions
1.1.3  Dismantling within controlled area
114  Waste management
1.15  Operations, maintenance, procurement/contracts
1.1.6  Conventiona dismantling, demolition, site restoration
1.1.7  Project management and project engineering

1.1.8  Fue storage and disposition

WBS dictionary

When the WBS is developed down to the management level desired, the next step is to prepare the WBS
dictionary. The WBS dictionary is a written description of the scope of each WBS element. It defines what
will be accomplished and what outputs (deliverables) will be produced. The dictionary will ultimately
describe the statements of work (SOW) for the project, from which subcontracts can be prepared. This step is
critical to properly understanding the work and planning each activity, to avoid confusion and minimise
change orders to the contracts.

Organisational breakdown structure (OBS)

A similar hierarchal breakdown structure would be created for the organisations responsible for
performing the activities identified in the WBS. The organisational breakdown structure (OBS) would contain
the specific organisation(s) responsible for each activity. It also identifies the technologies, equipment,
interfaces and limitations for each organisation. Figure A.6, for example, considers the contractor’s work for
the “Remove vessel internals’ project shown in Figure A.5.

The owner/licensee (O/L) will have responsibilities to oversee the contractor and provide support
services. The O/L must provide radiation protection, health physics services, operation of cranes, electrical
power, HEPA ventilation, lighting, protective clothing, case transportation, disposa services, engineering
oversight and security (Figure A.7). These may be summarised into the categories “Hedth & safety”,
“Operation & maintenance’, “Waste management”, “ Project engineering” and “ Security”.

Responsibility assignment matrix (RAM)

The RAM shows the WBS and OBS, and the integration of the specific responsibilities of each
organisation for each specific task. Normally these are shown at the lowest level, but are shown at a summary
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level for our purposes (Figure A.8). Thisis the point at which the project manager assigns control accounts
for the work packages.

Working from the budgeted estimates of cost (or duration hours in a fixed-price contract), an example of
a contractor's RAM is shown in Figure A.9. The cost values are fictitious, but representative of the
distribution of the budget.

Figure A.6: OBSfor “Removing vessel internals’ project shown in Figure A.5

RXinternals
contractor’s

project office

Installation &
segmentation

Fabrication
of tooling

Engineering &

. Procurement
planning

team

Installation
and testing

Purchase
materials

Detailed
design

Packaging,

Technology to
be employed

Conceptual
design

Shop
fabrication

Segmentation
of internals

Prepare

transport & functional Fabrication Contract for Mock-upsand Installat NPP Seementation
nsp PR drawings fabrication shop testing Unitl g
disposal specifications
| | |
Materials & Testing packagin
specifications of tooling ging
Figure A.7: OBS of owner/licensee responsibilities
Owner/licensee
NPP Unit1
I T T 1
Health & safety Operations & Waste Project mgt. & Security

maintenance management engineering

Rad protection Health physics Crane;ws:\tmg, Waste packaging coAn?c?argtvoer’s Contractor
& safety & dosimetry power, access
ventilation plans

Monitor
segmentation
process

Protective
clothing

Transportation

Dosimetry &disposal

The example in Figure A.9 shows how to set up the RAM for one part of the decommissioning process,
but illustrates the structure of the relationships. In practice, the process is much simpler as the baseline cost
estimate and the schedule basdline estimate provide the cost and duration data for each WBS element. The
OBS cross-wak to the RAM is a straightforward process. As noted earlier, the WBS in the apha-numeric
format makes preparation of the RAM much easier. The internationa structure for decommissioning costs
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(ISDC) provides the framework for the WBS. This is one of the advantages of the standardisation of costs and
schedules.

Figure A.8: Responsibility assignment matrix (RAM)

Internals
contractor’s

project office

Engineering,
planning & Procurement
design

Health & safety +
Operations & —

Fabrication of Installation &

tooling segmentation

maintenance

Owner/licensee Waste

NPP Unit 1 management

Responsibility assignment matrix

Project mgt. &
engineering

Security

Figure A.9: Contractor’'s RAM

Engineering & planning Procurement Fabrication Install & segment
Technology | Conceptual | Detailed Purchase mat'ls | Fabricate & | Install & test | Segment &
Performing design design & contract for shop test at NPP-1 package
dept. Manager fabrication
Engineering |Mr. 300 hrs/ {450 hrs/ 2800 hrs/
dept. |. Bergman EUR45k |EUR675k |EUR 280k
Purchasing |Mrs. E. Piaf 250 hrs/
EUR 25k +
EUR 500 k mat'ls
Shop Mr. 19 200 hrs/
A. Segovia EUR 1920 k
Field team |Mr. 7200 hrs/ |10 400 hrs/
M. Mastroianni EUR 1080k |EUR 1560k

Summary

Session |l described the elements of the WBS, OBS and RAM, and showed examples of how to set them
up. The WBS dictionary is an important part of this process, as it identifies the scope of work for each task.
This scope definition is used to prepare the statement of work (SOW) for contracts. The RAM is aso
important, asit defines the limits of responsibility for each group within an organisation.

Often there is a tendency to skip these steps in the interest of “getting started on a project and seeing
some progress’, but the end result is a poorly planned job with many opportunities for contractor change
orders. This can only lead to cost and schedule over-runs, and potentially to litigation. Failing to plan is
planning to fail!
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Training Session 111 —Budget, schedule and control accounts

Scope of Session [11

The objective of this session is to review the process of developing a schedule and cost budget, and
assigning control accounts for the earned value management. This session includes the following topics:

» schedule estimate development;
e cost estimate development;
» control accounts, work packages and planning packages.

Schedul e estimate development
The initia planning for a decommissioning project involves:

o Statement of work —what will be done?

* WBS - how the work will be structured and tracked.

e OBS-assigning responsibility for the work.

» Scheduling — organising the activities into a logical sequence to reflect all objectives, interactions and
constraints.

Schedule baseline

The process of developing a schedule and cost baseline is an interactive one. The schedule affects the
costs, and the costs affect the schedule. The first step is to identify the scope of the project. The major
activities that must be performed to accomplish the objective (scope) must then be identified.

It is often helpful to lay out a network diagram of activities to see what has to be done and the inter-
relationships between them. This is done with “pencil and paper”, as there will be many changes as the
project is constructed. The key product is to see the prerequisites to accomplishing a task, and then the
predecessor and successor activities to each step.

There will be multiple paths necessary to achieve the end product of an activity, and these need to be
reconciled as the network is drawn. The critical path activities will begin to be evident as the network shows
the multiple interactions involved.

The mogt effective process is to gather the subject matter experts (SME) of the company in a room and
have them call out the tasks that need to be included (Figure A.10). The results can be captured on a computer
using Primavera’'s P6 computer code, or Microsoft’'s Project code in the form of a Gantt chart or network
diagram. The preliminary schedule forms the basis of the overal project duration before actud activity
durations are included.

Using contractor input on durations of activities, determine start and end dates for each activity. A time-
phased schedule should be laid out, which includes any parallel activities necessary to accomplish the task.
Predecessor and successor activities on the network or Gantt chart should be identified, and an integrated
schedule should be prepared on the Gantt chart aswell (Figure A.11).

Sometimes a single scheduling factor determines the overall schedule for an activity. For example, the
turnaround time for a shielded cask (there are a limited number of them available) can set the duration for all
related activities of vessel internals removal. It takes about one week to bring a cask into the reactor building,
load a segment canister under water into the case, drain and dry the cask, survey it, ship it to a disposal
facility, unload it and ship the cask back to the reactor. This sequence sets the rate at which segments can be
cut and loaded in canisters. If there is sufficient room in the storage pool for severa canisters, the
segmentation can proceed faster to complete segmentation early, but removal of the filled canisters is limited
by the cask schedule. The SME should be tasked to consider these factors.
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Figure A.10: Remove RX vessdl internals

Award contract to Prepare RX area
Bd  design, fabricate, for installation
and install tooling of equipment
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Figure A.11: Gantt chart with an integrated schedule

Activity __|Jan | Feb | Mar | Apr | May Jun |Jul | Aug | Sep | Oct | Nov | Dec |

Develop
plan

Award
contract

Prepare RX
area
Installand
test
equipment
Segment
internals

Package for
disposition

Cost estimate devel opment

Cost estimates for decommissioning have come a long way since the advent of the PC. The ability to
handle large projects in an organised and standardised way has greatly improved estimate quality and
accuracy. The Association for the Advancement of Cost Engineering International (AACEI) has established
cost estimate classifications of accuracy based on the level of information available to the estimator, and the
estimating methodology used (AACEI, Cost Estimate Classification System, Recommended Practice 18R-97)
(Figure A.12).

It is beyond the scope of this session to discuss the various cost-estimating methodologies and
applications. It will be assumed that a qualified method has been used that provides the level of detail needed
for implementation of the EVMS. As mentioned earlier, one such standardised approach is the international
structure for decommissioning costs (ISDC). 1SDS uses a standard WBS format and content which ensures all
aspects of a decommissioning project will be included.

Using the output of the cost estimate computer runs, the scope, duration of each activity in the schedule,
and cost can be shown on the previously developed schedule. Off-the-shelf computer programs like
Primavera’'s P6 and Microsoft’s Project are set up to include the costs with the schedule and to provide an
integrated cost and schedule baseline (Figure A.13).
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Figure A.12: AACEI Recommended Practice 18R-97

Primary

characteristic Secondary characteristic
poscrep | prepsurion
PROJECT END USAGE METHODOLOGY .
ESTIMATE DEFINITION | Typical purpose | Typical estimatin RANGE Typical degree of
CLASS ypical purp » 9 Typical variation effort relative to
Expressed as % of of estimate method in low and high least cost index
complete definition g
ranges [a] of 1 [b]
Capacity factored,
ot 50 .| parametric models, | L: -20% to -50%
Class 5 0% to 2% Concept screening judgement or H: +30% 1o +100% 1
analogy
Equipment factored |, .
- . L: -15% to -30%
0, 0,
Class 4 1% to 15% Study or feasibility or parametric H: +20% 10 +50% 2t04
models
Semi-detailed
Budget, . : . 100 0
Class 3 10% to 40% authorisation or unit costs with L', -10% o -20% 31010
assembly level | H: +10% to 30%
control o
line items
Detailed unit
Control or . L: -5% to -15%
0 0,
Class 2 30% to 70% bid/tender cost_wnh forced H: +5% 10 +20% 41020
detailed take-off
. Detailed unit
Check estimate or . L: -3% to -10%
0, 0
Class 1 50% to 100% bid/tender cost with H: +3% 10 +15% 5t0 100
detailed take-off

Notes: [a] The state of process technology and availability of applicable reference cost data affect the range markedly.
The + value represents typical percentage variation of actual costs from the cost estimate after application
of contingency (typically at a 50% level of confidence) for given scope.

[b] If the range index value of “1” represents 0.005% of project costs, then an index value of 100 represents
0.5%. Estimate preparation effort is highly dependent upon the size of the project and the quality of
estimating data and tools.

WBS reporting levels

The WBS is the foundation of the EVMS performance evaluation. The performance measurement baseline
is the level where earned value is determined from the sum of distributed and undistributed budgets. The
distributed budget is the sum of al control accounts (sometimes called “cost account”). Control accounts report
the performance of the work packages and planning packages. A diagram of levelsis shown in Figure A.14.

Figure A.13: Anintegrated cost and schedule baseline

| Activity __LJan | Feb | Mar | Apr | May Jun Jul | Aug | Sep | Oct | Nov  Dec |

Develop
plan

Award
contract

EUR75 k

EUR 100 k

Prepare RX

area EUR 150 k

Install
andtest
equipment

EUR 1 080 k

Segment

. EUR 1 560 k
internals

Package for
disposition
* Costs shown are fictitious.

EUR500 k
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Figure A.14: WBSreporting levels
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Control accounts
A control account is selected by the project manager to determine earned value using:

e cost/schedule summarisation;

e variance analysis and reporting;
¢ responsibility assignment;

e scope description;

e corrective action planning.

The control manager is responsible for implementing the scope of work and reporting the associated
performance.

Work packages (WP) identify a discrete set of tasks below the control account level. Work packages
contain:

e adescription or brief work statement;

e starting and ending dates;

¢ completion milestones;

e work-in-process measure;

e time-phased budget expressed in direct labour (hours and/or budget), material, other direct costs and
subcontract budget.

The duration of awork package should be arelatively short span of time (normally, but not limited to, six
months or less).

Planning packages are for future tasks within a control account that are not yet broken down into detailed
work packages. A planning package has a firm budget, estimated start and complete dates and statement of
work. As work becomes more clearly defined, planning packages are converted into work packages, with the
following constraints. These constraints ensure the initial budget is used appropriately:

e All planning packages are converted into work packages as requirements are defined, and at a
minimum, are scheduled to start at |east one month beyond the current reporting period.

¢ Conversion of planning packages to work packages is reviewed by the team leader and documented
on arevision request (RR).

Any conversion involving a change to the schedule or budget of the control account must be
accompanied by aRR.
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Contract baseline
The contract baseline is composed of eight elements, as shown below.

Within each control account, work packages and planning packages contain a budget divided into time
increments (typically monthly) by elements of cost, such as direct labour, material, subcontract and other
direct costs (ODS). As detailed planning evolves, the control account budget and schedule are authorised for
implementation by a work authorisation document (WAD); no work shall be performed without an approved
WAD.

Total contract price = total contract cost + profit/fee
Total contract cost = total contract cost wio profit/fee
Contract budget base (CBB) = total budget for all authorised work
Performance measurement baseline = time-phased budget for contract performance measurement
Management reserve (MR) = programme manager management reserve

(held for unforeseen problems); different than contingency
Distributed budgets (DB) = authorised budgets for WBS work assigned to control accounts
Undistributed budgets (UB) = authorised work not yet allocated to WBS elements; should be

distributed as soon as possible

Summary

This session presented the process of preparing cost and schedule baseline estimates, and the
development of control accounts for work packages and planning packages. Decommissioning cost and
schedule estimating has matured using computer programs to the point where reliable estimates are possible.
Standardisation of the list of decommissioning activities helps to improve the transparency and accuracy.
Control accounts collect the work and planning packages into the performance measurement baseline for
determination of earned value.

Training Session |V — Ear ned value methods

Scope of Session 1V
The objective of this session isto:

» review earned value performance metrics.
» explain the performance measurement baseline.
» show examples of EVMS computations — earned value and variances.
» provide methods for determining current and cumulative completion.
» describe control account and work package completion computation methods, which include:
— fixed formulg
— milestone weights;
— milestone weights with per cent complete;
— unitscomplete;
— per cent complete;
— level of effort.
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Review of performance metrics

The earned value formulae are as follows:

PV = planned value =BCWS = budgeted cost for work scheduled
=what was planned to be done

EV = earned value =BCWP = budgeted cost of work performed
=what was done at budget rates

AC = actual cost = ACWP = actual cost of work performed
=what was paid for the work

BAC  =PVum = BCWScum = budget at completion

= original budget plus changes

The variance formulae are as listed below:

CV =EV - AC = BCWP - ACWP = cost variance

SV =EV - PV =BCWP - BCWS = schedule variance

CV% = (EV — AC)/IEV = (BCWP - ACWP)/BCWP = cost variance, %
SV% = (EV - PV)/IPV = (BCWP — BCWS)/BCWS = schedule variance, %
VAC = BAC - EAC = variance at completion

CPI = EVIAC = BCWP/ACWP = cost performance index

SPI = EV/PV = BCWP/BCWS = schedule performance index

EVMS computations

Using the PMB graph in Figure A.15 as our example, at the “ Time Now”:

BAC = BCWScum = EUR 450 million

CV =BCWP - ACWP =EUR 220 M-EUR 300 M =EUR -80 M
SV =BCWP -BCWS =EUR 220 M - EUR 350 M =EUR -130 M
CV% = (BCWP - ACWP)/BCWP = -EUR 80/220 = -36.4%

SV% = (BCWP - BCWS)/BCWS = EUR -130/350 = -37.1%

VAC =BAC - EAC =EUR 450 M- EUR 590 M = EUR -140 M
CPI = BCWP/ACWP = EUR 220 M/300 M = 0.733

SPI = BCWP/BCWS = EUR 220 M/EUR 350 M = 0.629

The results at “Time Now” indicate that this project is over budget (by EUR 80 M) and behind schedule
(by EUR 130 M). The cost variance is -36.4%, and the schedule variance is -37.1%. If the project continuesin
the manner based on the estimate to complete, the budget at completion will be exceeded by EUR 140 M.
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Figure A.15: Performance measurement baseline
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Variance analyses

The programme manager will set variance thresholds at different levels, but most set the variance level
between 7 to 10%. This means that an SPI or CPI of 0.93 to 1.1 will require an official variance analysis to
explain what is happening on the project. Note that it is necessary to explain positive variances as well as
negative variances.

Table A.1: Summary of variances analyses

Cost Variance (CV) = EV — AC = BCWP — ACWP

If the result is POSITIVE )y “nder-run”
If the result is NEGATIVE =y “Over-run”

Schedule Variance (SV) = EV — PV = BCWP - BCWS

If the result is POSITIVE el O Schedule”
If the result is NEGATIVE == “Behind Schedule”

Cost Variance (CV)% = CV/EV
=BCWP - ACWP/BCWP

Shows what percentage cost varies from what has
been earned to date.

Schedule Variance (SV)% = SV/PV
= BCWP - BCWS/BCWS

Shows what percentage schedule varies from
what has been planned to date.

Cost Performance Index (CP1) = EV/AC
= BCWP/ACWP

If result is less than 1.0, cost is GREATER than

Schedule Performance Index (SPI) = EV/PV
= BCWP/BCWS

If result is less than 1.0, project is BEHIND

budgeted. schedule.
If the result greater than 1.0, cost is LESS than If the result greater than 1.0, project is AHEAD of
budgeted. schedule.

Estimate and budget at completion

The estimate at completion (EAC) is the actual cost to date plus an objective estimate of costs for
remaining authorised work. It is sometimes called the latest revised estimate (LRE). The objective in
preparing an EAC is to provide an accurate projection of cost at the completion of the project. There are
multiple ways and varying degrees of detail to calculate EAC. The budget at completion (BAC) is the sum of
al budgets alocated to a project scope. The project BAC must aways equal the project total PV. As the
discussion progresses, the shorter terms of AC, EV and PV will be used for actual cost (ACWP), earned value
(BCWP) and planned value (BCWS).

The EAC is the best estimate of the total cost at the completion of the project. The EAC is a periodic
evaluation of the project status by the control account manager, usually on a monthly basis or when a
significant change happens to the project. The EAC is aso evaluated annually for the programme. The EAC
is determined for the programme, control accounts and work packages.
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The following are the typical EAC formulae used:

EAC =AC +ETC

EAC = (AC/EV) x (BAC)

EAC = BAC/CPI

EAC = AC + [(BAC - EV)/CPI]

In all cases, the variance at completion [VAC = BAC — EAC] must be calculated; it will be different for
each formulae used. If the VAC is positive (+), the project is under-run. If it is negative (-), it is over-run. An
exampleis provided here, using the data from Figure A.15.

e Thefirst formulais EAC = AC + ETC, where ETC is the estimate to compl ete:

— TheETC can be read as EUR 590 M — EUR 300 M = EUR 290 M.

— TheAC=EUR 300 M.

— Therefore, the EAC =EUR 300 M + EUR 290 M = EUR 590 M.

— To cdculate the variance at completion (VAC), the BAC was determined to be EUR 450 M.
— VAC=BAC-EAC=EUR450 M —EUR 590 M = EUR -140 M.

— Thebudget at completion will be exceeded by EUR 140 M.

* Thesecond formulaisEAC = (AC/EV) x (BAC):

— Thisformula assumes the same “ spend rate” for the remainder of the project.

— TheEAC = (EUR 300 M/EUR 220 M) x EUR 450 M = 1.364 x EUR 450 M = EUR 613.6 M.
— VAC=BAC-EAC=EUR450M -EUR 613.6 M = EUR -163.6 M.

— Thebudget at completion will be exceeded by EUR 163.6 M.

» Thethird formulais EAC = BAC/CPI:

— Thisformula assumes the same “ spend rate” for the remainder of the project.
— EAC=EUR 450 M/0.733 = EUR 613.9 M.

— VAC=BAC-EAC=EUR450 M -EUR 613.9M = EUR -163.9 M.

— Thebudget at completion will be exceeded by 163.9 M.

¢ Thefourth formulaisEAC = AC + [(BAC —EV)/CPI]:

— EAC=EUR300M +[(EUR 450 M — EUR 220 M)/0.733].

— EAC=EUR300M + EUR 313.8M = EUR 613.8 M.

— VAC=BAC-EAC=EUR450 M -EUR 613.8 M = EUR -163.8 M.
— Thebudget at completion will be exceeded by EUR 163.8 M.

As can be seen from Table A.2, the results of the first formula are considerably different than the
following three formulae. Other projects may show substantialy different results. The selection of the
formula will depend on the project specifics and the spend rate for the remainder of the project. The project
manager and the control account manager are usually tasked to make this choice.

Table A.2: Summary of EAC calculations

EAC formulae EAC VAC
EAC=AC+ETC EUR 590 M EUR -140 M
EAC = AC/EV x BAC EUR 613.6 M EUR-163.6 M
EAC = BACI/CPI EUR 6139 M EUR-163.9 M
EAC = AC + [BAC - EV)/CPI] EUR613.8 M EUR-163.8 M
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Project management corrective actions

The owner/licensee project manager, working with the contractor’s project manager and control account
manager(s) would determine what changes were necessary to bring the project under control. This might
include:

» technology changes to reduce cost and schedule.

» changesin work scope to eliminate unnecessary tasks.

» requiring the contractor to work overtime (at some additional cost).

* in extreme cases, discharging the contractor, calling its bond" and replacing it with a more qualified
contractor.

Control account and work package completion computation methods

On most large projects like decommissioning, individual tasks (work packages) extend over severa
months. Determining the earned value can be a challenge in some cases. There are a number of methods to
accomplish this, which include:

« fixed formulg;

e milestone weights;

» milestone weights with per cent complete;
e units complete;

* per cent complete;

* level of effort.

Fixed formula method

The fixed formula method applies to work packages and control accounts that span a short period of time
(within an accounting period, < 3 months). This method applies a per cent complete to the start and finish of
an activity. Generdly, the percentages used in the formula are 0/100, 50/50 or 25/75:

e 0/11 — Nothing is earned when activity starts but 100% of budget is earned when completed.
» 50/50 — 50% is earned when activity starts and the balance is earned on compl etion.
o 25/75-25% is earned when activity starts and the balance is earned on completion.

Milestone weights

The milestone weighting method assigns budget value to each milestone. Upon full completion of each
milestone the budget is earned. Milestone weighting is used for work packages with long durations and
ideally should have milestones each month or accounting period. Nothing is earned until the milestone is
completed, which means the contractor will receive no credit (payment) until the next or subsequent period.

For the contractor, it creates payroll problems unless the contractor has many other work packages in
process with successfully completed milestones. For the project manager, it simplifies determination of
earned value as no judgmental or uncertainty is involved. However, it requires well-defined milestones.

Milestone weighting with per cent complete

Milestone weighting with per cent complete assigns budget value to each milestone, and is earned based
on the per cent of work completed against each individual milestone. This method is used for work packages
with long durations and should have milestones each month or accounting period.

The per cent completed may be determined on the basis of material removed for the milestone. For
example, if the milestone is to remove al piping from a given work area, amounting to say 500 meters of
piping, the control account manager (or his designee) will work with the contractor’s project manager to
estimate the amount of pipe actualy removed during the reporting period. So if 70% is removed, the
contractor will have earned 70% of the value of the milestone, or the value of 350 meters of pipe.

1. A performance and payment bond is often required to guarantee the work of a contractor. The additional cost to a
project isusualy justified.
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There is always some amount of negotiating involved to reach agreement, but if the contractor
overestimates the per cent removed, the contractor will have to make it up during the next reporting period
with no additional payment. The contractor will have to explain in his progress report why he missed the
milestone completion, and what the contractor will do during the next period to get back on schedule. Thisis
where accountability plays an important role in earned val ue!

Unit(s) complete

The unit complete method uses a physical count to determine what is earned. To use unit complete there
must be units that are identical or similar and they must have the same budget value.

For example, if awork area contains 10 tanks of approximately the same size and complexity (and cost)
for removal, the value will be earned when all 10 tanks have been removed. If only five tanks are removed
during areporting period, the contractor will get credit for only 50% of the earned value.

The same consequences are faced by the contractor as in the previous example, with an explanation of
why the contractor missed the milestone and what will be done during the next reporting period to make up
the delay in schedule.

Subjective per cent complete

The subjective per cent complete method applies a per cent complete to a budget value to determine what
is earned. The per cent complete value is determined by the control account manager (or his designee) and the
contractor.

This method might apply for the preparation of detailed procedures needed for a subsequent activity. The
amount of work for each procedure might vary with complexity, or may depend on the project manger's
approvals needed for acceptance. Another situation may arise where the contractor’'s work depends on the
availability of amagjor crane that is also being used by other contractors with higher priorities.

The subjective decision as to per cent complete may be a negotiated amount each reporting period. The
control account manager must maintain documented logic of the method used for each reporting period, and
milestones generally do not apply.

Level of effort

The level of effort (LOE) method is based on the passage of time. A monthly budget value is earned with
the passage of time and is always equal to the monthly planned amount.

When using LOE, the planned value (BCWS) is always equal to the earned value (BCWP). The earned
value would be the same for each reporting period, and the per cent complete would be the per cent complete
for that phase. The actual cost (ACWP) would be determined from the accounting records.

For example, programme (or project) management would depend on the management staffing level for a
phase of decommissioning. The contractor’s (or owner/licenseg’s) staff costs are fixed for the periods of the
phase, and the contractor (or owner/licensee) would earn the full value for that reporting period.

The only challenge would be whether the size of the staff is needed for that phase. This is generaly
agreed upon early in the project so that monthly or periodic negotiations are unnecessary.

This earned value method should be kept to a minimal number of work packages.

Summary

This session presented the EVMS computations for the performance measurement baseline, control
accounts and work packages and showed how to evauate the results. The computations shown are all
included in modern accounting software, and reports are available bi-weekly and monthly for the project
manager’s review and action. With these results, early indications of problems areas can be determined and
corrective action applied.
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Training Session V — Integrated baseline review, change control and reporting

Scope of Session V

The objective of this session is to consider programme reviews, changes to the programme (or projects)
and reporting requirements. Specificaly, this session will cover:

integrated baseline reviews,
change contral;
reporting formats and requirements.

I ntegrated baseline reviews

The purpose of an integrated baseline review (IBR) isto:

verify the technical content of the performance measurement baseline (PMB);
assess the accuracy of the related resources (budgets and schedul es);
identify potential risks.

An IBR is usualy performed initially within six months of contract award, or when a modification to a
contract changes the performance measurement baseline. The IBR is intended to be a continuous part of the
programme by both the owner/licensee and the contractor(s).

The objectives of the integrated baseline review are to:

ensure that the technical content of control account, work packages and planning packages is
consistent with the contract work breakdown structure (CWBS) and the contract statement of work
(SOW);

ensure that alogical sequence of effort planned is consistent with the contract schedule;
assess the validity of allocated budgets in terms of work content, resources and time-phasing;

understand the earned value methods for measuring accomplishment (work package per cent
complete), and to verify that objective and meaningful performance data is provided in terms of
technical accomplishment;

verify that effective variance analysis processes are applied to identify, correct and report problems
including cost and schedule impacts;

verify that proper accounting cross-checks are established so cost account data is accurately reflected
in reports to the owner/licensee;

verify that cost, schedule and technical systems are integrated;

establish a forum through which the owner/licensee programme manager and the programme
technical staff develop a co-operative relationship, and gain a sense of ownership of the cost/schedule
management process.

The following documents are typically provided by the contractor to the owner/licensee for the IBR:

statement of work (SOW);

CWBS dictionary;

control account plans;

variance thresholds for reporting;
undistributed budget |ogs;

EV methods (fixed through LOE);
organisational breakdown structure (OBS);
contract work breakdown structure (CWBS);
work authorisation documents;

baseline schedule;

management reserve logs (record of withdrawal);
responsibility assignment matrix (RAM);
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earned val ue measurement criteria (% compl ete).

The initial submittal will be a significant effort, but subsequent reviews will be easier if there are no
substantial changes.

Change control

As noted earlier, the performance measurement baseline (PMB) is the time-phased budget plan against
which contract performance is measured. Performance measurement data require a documented PMB, which
reflects the most current conditions of the programme.

Once the performance measurement baseline (PMB) is established or “frozen”, cost and schedule
changes are processed through formal change control procedures. Authorised changes must be incorporated
into the PMB in atimely manner and reflected in both budgets and schedules.

The change control process is used to establish, analyse, communicate and record approved changes to
the programme baseline.

The objectives of a change control process are to:

Document, track and communicate changes to the performance measurement baseline.

Reconcile current budgets to prior budgets for changes to the authorised work in the detail needed by
management for effective control.

Control retroactive changes to records pertaining to work performed that would change previously
reported amounts for actual costs, earned value or budgets.

Adjustments should be made only for correction of errors, routine accounting adjustments, effects of
customer or management directed changes or to improve the baseline integrity and accuracy of
performance measurement data.

Prevent revisions to the programme budget except for authorised changes.

Baseline changes may occur as a result of:

contractual changesmodifications;

transfer of undistributed budget to distributed;
the use of management reserve;

re-planning (of a segment of a project);

formal reprogramming (of the entire programme).

Changes will affect the following documents:

cost performance reports;

change control logs;

revised work authorisation documents;

management reserve logs;

revised control account plans (no retroactive budget changes);
revision request plans;

revised statement of work (SOW);

revised contract work breakdown structure.

Contractual changes are initially incorporated into the undistributed budget, and later transferred into the
distribute budget (work plans).

Reporting formats and requirements

There are several reports which may be used for earned value management reporting and analysis. Each
company or organisation may develop its own reporting method. The most commonly used report format for
the US DOE, for example, is the cost performance report (CPR).
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Cost performance report

The cost performance report (CPR) is the most comprehensive of the EVMS reports. It is normaly a
monthly report and has five different formats:

» Format 1 —Work breakdown structure (WBS);

e Format 2 — Organisational categories (OBS);

* Format 3 —Basdline;

* Format 4 — Staffing (manpower);

e Format 5— Variance analysis report (with explanation and problem analysis).

Generally, al five formats are applied to a contract requiring EVMS. The owner/ licensee may not
require al the reports and may delete one or more of them. To reduce paperwork, only the CPR Format 1
(WBS) and Format 5 (variance analysis report) may be required.

As noted earlier, most accounting software packages will perform the earned value calculations every two
weeks as part of the payroll calculations. Copies of the US DOE Format reports are provided in Appendix B.

Summary
These five training sessions capture the core of the EVMS programme, following the structure below:

* introduction to EVMS;

» work breakdown, organisational structure and responsibility assignment matrix;
* budget, schedule and control accounts;

» earned value methods (per cent complete);

» integrated baseline review, change control and reporting.
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