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SUPERIOR KNOWLEDGE - see MISREPRESENTATION. (11/90)

SUPPLEMENTARY CONDITIONS - the part of the contract documents which amends or supplements
the general conditions. (11/30)

SUPPLIER - a manufacturer, fabricator, distributer or vendor. (11/20}

SURETY - a bonding company licensed to conduct business which guarantees the owner that the
contract will be completed {Performance Bond} and that subcontractors and suppliers will be paid
- (Payment Bond). (11/90)

SUSPENSICON OF WORK, CONSTRUCTIVE - an act or failure to act by the owner, or the owner's
representative, which is not a directed suspension of work or work stoppage, but which has the effect of
delaying, interrupting, or suspending all or a portion of the work. {11/80)

SUSPENSION OF WORK, DIRECTED - actions resulting from an order of the owner to delay, interrupt,
or suspend any or all portions of the work for a given period of time, for the convenience of the owner.
(11/90)

SYSTEM - a collection of hardware {equipment and facilities} and related software {procedures, ¢lc)
designated to perform a unique and useful function. A system contains everything necessary (except
personnel and materials or supplies) to perform its defined function. (11/20)

SYSTEMS STUDIES - the development and application of methods and techniques for analyzing and
assessing programs, activities and projects to review and assess efforts to date and to determine future
courses and directions. These studies include cost/ benefit analysis, environmental impact analysis,
assessment of the likelthood of technical success, forecasts of possible futures resulting from specific
actions, and guidance for energy program planning and implementation. (11/90)

TAKE-OFF - a take-off is a specific type of guantification that is a measurement and listing of quantities of
materials from drawings in order to support the estimate costing process and/or to support the material
procurement process. Syn.: QUANTIFICATION. (1/03)

TANGIBLES - things that can be quantitatively measured or valued, such as items of cost and physical
assets. (11/90)

TARGET DATE - the date an activity is desired to be started or completed; either externally imposed on
the system by project management or client, or accepted as the date generated by the initial CPM
schedule operation. (11/90)

TARGET REPORTING - a method of reporting the current schedule against some established base line
schedule and the computations of variances between them. (11/90)

TARGET START DATE - see EXPECTED BEGIN DATE. (11/90)

TASK - Smallest unit of work planned. It must have an identifiable start and finish, and usually produces
some recognizable results. (3/04)

Copyright 2004 AACE Intemational, Inc. AACE International Recommended Practices

Schedule DFM2010-1




Cost Engineering Terminology 67 of 72

Internaiional

April 13, 2004

TASK MONITOR - the individual assigned the monitering responsibility for a major effort within the
program. {11/80)

TAXES PAYABLE - tax accruals due within a year. (11/20}

TEMPORARY CONSTRUCTION COST - includes costs of erecting, operating, and dismantling
impermanent facilities, such as offices, workshops, etc, and providing associated services such as
utifities. (11/90)

TERMINATION - actions by the owner, in accordance with contract clauses, to end, in whole or in pan,
the services of the contractor. Termination may be for the convenience of the owner or for default by the
contractor. {11780} o - ’

TERMS OF PAYMENT - defines a specific time schedule for payment of goods and services and usually
forms the basis for any contract price adjusiments on those contracts that are subject to escalation.
{11/90)

THIRD PARTY CLAIM - a claim against either or both the owner or the contractor by members of the
public, or other parties, usually for property damage or personal injury. (11/90)

TIED ACTIVITY - an activity that must start within a specified time or immediately after its predecessor's
complefion or start. (11/90)

TIME EXTENSION - an increase in the contract time by modification to complete an item of work. Time
extension may be granted under the corresponding provisions in the general conditions. An excusable
delay generally entitles a contractor to a time extension. (11/90)

TIME HORIZON - see STUDY PERIOD. [A} (11/90)

TIME-LIMITED SCHEDULING - the scheduling of activities so predetermined resource availability pools
are not exceeded unless the further delay will cause the project finish to be delayed. Actlivities can be
delayed only until their [ate start date. However, activities will begin when the late start date is reached,
even if resource limits are exceeded. Networks with negative total float fime cannot be processed by time-
limited scheduling. (11/80)

TIME NOW LINE - the point in time that the network analysis is based upon. May or may not be the data
date. See STATUS LINE. {11/30)

TIME OF THE ESSENCE - a contract requirement that completion of the work within the time limits in the
coniract is essential. Failure to do so is a breach for which the injured party is entitled to damages.
(11/90)

TIME-SCALED CPM - a plotted or drawn representation of a CPM network where the length of the
activities indicates the duration of the activity as drawn to a calendar scale. Fleat is usually shown with 2
dashed line as are dummy activities. (11/90)

TIME UNIT - see CALENDAR UNIT. {11/90)

TIME VALUE OF MONEY - (1) the time-dependent value of maney stemming both from changes in the
purchasing power of money (that is, inflation or deflation}, and from the real earning potential of
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alternative investments over time. (2) the cumulative effect of elapsed time on the money value of an
event, based on the earning power of equivalent invested funds. See FUTURE WORTH and PRESENT
WORTH,; (3) the expected interest rate that capital should or will eam. [B] (11/90)

TOTAL COST BIDBING - a method of establishing the purchase price of movable equipment; the buyer is
guaranteed that maintenance will not exceed a set maximum amount during a fixed period and that the
equipment will be repurchased at a set minimum price when the period ends. (11/90)

TOTAL COST MANAGEMENT - the effective application of professional and technical expertise to plan
and control resources, costs, profitability and risks. Simply stated, it is a systematic approach fo managing
cost throughout the life cycle of any enterprise, program, facility, project, product, or service. This is
~accomplistied through the application of tost engineering and cost Hmariagement principles, proven
methodologies and the fatest technology in support of the management process. Can also be considered
the sum of the practices and processes that an enterprise uses to manage the total life cycle cost
investment in its portfolio of strategic assets. (1/02)

TQTAL FLOAT (TF} - the amount of ime (in work units) that an activity may be delayed from its early start
without delaying the project finish date. Total float is equal to the late finish minus the early finish or the
late start minus the early start of the activity. {11/30)

TOTAL QUALITY MANAGEMENT - the consistent integrated orchestration of the total complex of an
organization's work processes and activities to achieve continuous improvement in the organization’s
processes and products. (11/90)

TRACKING - a form of monitoring applied to projects. The measurements are expected to change
according to the planned progress. [P] {11/80)

TRANSFER PRICE - a term used in economic analysis in the mineral processing industries; used to
assign a value to raw materials when the same company does the mining and processing; usually equal
to the fair market value, (11/90)

TRANSPORTATION PROBLEM - a homogeneous product is 10 be shipped in the amounis a;, az,...,4.
raespectively from each of m shipping origins and received in amounts b,, bj,...,b, respectively by each of n
shipping destinations. The cost of shipping a unit amount from the i origin ta the | destination is ¢; and
is known for all combinations (i,j). The problem is to determine the amounts x; to be shipped over all
routes (i,j) so as to minimize the total cost of transpertation. (11/80)

TRANSSHIPMENT PROBLEM - a generalized transpertation problem in which transshipment through
intermediate nodes between source and destination is allowed. (11/90)

TURNOVER RATIO - the ratio of annual sales to investment. Inclusion of working capital is preferable,
but not always done. Tumover ratio is considered by some to be reasonable basis for a guesstimate of
facilities cost, for new products similar to existing products. 1t ranges around 1.0 for many chemical plants.
The product of turnover ratio and profit margin on sales gives a return-on-investment measure. {11/90)

UNBALANCING - A technique used in the pricing process to allocate estimated costs to acoounis whose
definitions do not fully reflect the nature of the cost being allocated. The purpose of unbalancing is o
achieve a desired business resuit such as improved cash flow. For example, a disproportionate amount of
overhead costs may be allocated in a contract bid 1o early project activities so that early income is
maximized. {1/03)
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UNCERTAINTY - unknown future events which cannot be predicted quantitatively within useful limits, eg,
accidents which destroy invested facilities, a major strike, a competitar's innovation which makes the new
product obsolete. (11/90)

UNDERGROUND FACILITIES - all pipelines, conduits, ducts, cables, wires, utility accessways, vaulls,
tanks, tunnels or other such facilities or attachments, and any encasements containing such facilities
which have been installed underground to furnish any of the following services or materials: electricity,
gases, steam, liquid petroleum products, telephone or other communications, cable felevision, sewage
and drainage removal, traffic or other control systems or water. (11/90)

UNIT COST - dollar per unit of production. It ts usually total cost divided by units of production, but a
major cost divided by units of production is frequently referred to as a unit cost; for example, the total unit
cost is frequently subdivided into the unit costs for labor, chemicals, ete. (11/80)

UNJUST ENRICHMENT DOCTRINE - tha belief in faw that one person should not be allowed to profit or
enrich himself or herself unfairly at the expense of another person. (11/30)

UNUSUALLY SEVERE WEATHER - adverse weather which, at the time of year in which it occurred, is
unusual for the pilace of contract performance. No matter how severe or destructive, if the weather is not
unusual for the particular time and place, the contractor is not entitied to relief. Unusual or normal weather
does not mean ideal weather or the best weather that can be expected; rather it means the normal
weather pattem, both good and bad, that could be reasonably anticipated in a particular area. The normal
weather pattern is generally that based on the record of the prior ten years unless the confract documents
provide for a different period. (11/80)

UPDATING - the regular review, analysis, evaluation, and reporting of progress of the project, inciuding
recomputation of an estimate or schedule. See STATUSING. (11/90)

UNION - a group of workers who organize together for the purpose of negotiating wage rales, working
conditions and fringe benefits. {11/90)

USEFUL LIFE - the period of time over which an investment is considered to meet its original objective.
[A] (11/80)

USE VALUE - see FUNCTIONAL WORTH. {11/90)
VALUATION OR APPRAISAL - the art of estimating the fair-exchange value of specific properties. {11/90)

VALUE, ACTIVITY - that portion of the contract price which represents a fair value for the part of the work
identified by that activity. (11/90)

VALUE ADDED BY DISTRIBUTION - the portion of the vaiue of a product or service to the consumer or
user which results from distribution activities. This value includes such components as time utility and

place utility. {11/80)

VALUE ADDED BY MARKETING - that portion of the value of a product or service to the consumer or
user which results from marketing activities. This value includes such components as price reduction
through economies of scale and buyer awareness of more desirable innovations in products or services.

(11/90)
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VALUE OF WORK PERFORMED TO DATE - the pianned cost for completed work. (11/90)

VALUE EFFECTIVE - generally used to describe decisions which have a cost impact; value-effective
decisions tend {0 optimize the vaiue received for the decision made and to maximize refurn on
investments. (11/90)

VAL UE ENGINEERING - a practice function targeted at the design itself, which has as its objective the
development of design of a facility or item that will vield least life-cycle costs or provide greatest value
while satisfying all performance and other criteria establishad for it. (11/90)

VALUE ENGINEERING COST AVOIDANCE - a decrease in the estimated overall cost for accomplishing
a function, (11/80)

VALUE ENGINEERING COST REDUCTION - a decrease in the committed and/or established overall
cost for accomplishing a function. (11/90)

VALUE ENGINEERING JOB PLAN - an aid to problem recognition, definition, and solution. it is a formal,
step-by-step procedure followed in carrying out a value engineering study. {11/90)

VARIABLE COSTS - those costs that are a function of production, eg, raw materials costs, by-product
credits, and those processing costs that vary with plant output (such as utilities, catalysts and chemical,
packaging, and labor for batch operations). {11/90)

VARIANCE - in cost control, the difference between actual cost or forecast budget cost. (11/90)

VARIATION iN ESTIMATED QUANTITY - the difference between the quantity estimated in the bid
schedule and the quantity actually required to complete the bid item. Negotiation or adjustment for
variations are generally called for when an increase or decrease exceeds 15 percent. (11/90)

VENTUﬁE LIFE - the total time span during which expenditures and/or reimbursements related to the
venture occur. Venture life may include the research and development, construction, production and
liquidation periods. See FINANCIAL LIFE. (11/90)

VENTURE WORTH - present worth of cash flows above an acceptable minimum rate, discounted at the
average rate of earnings. (11/90)

VERTICAL EVENT NUMBERING - assigning event numbers in vertical order. (11/90)

WAGE RATE - the hourly, daily or weekly cost of a person who works for wages, .g., mechanics,
laborers, steamfitters. (11/90)

WEIGHTS - numerical modifiers used fo infer impaortance of commadities in an aggregative index. (11/90)

WORK - any and all abligations, duties, responsibilities, labor, materials, equipment, temporary facilities,
and incidentals, and the furnishing thereof necessary to complete the construction which are assigned to,
or undertaken by the contractor, pursuant to the contract documents. Also, the entire completed
construction or the various separately identifiable parts thereof required to be furnished under the contract
documents. Work is the result of performing services, furnishing labor, and furnishing and incorporating
materials and equipment into the construction, all as required by the contract documents. (11/90)
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WORK BREAKDOWN STRUCTURE (WBS) - a product-oriented family tree division of hardware,
software, facilities and other items which organizes, defines and displays all of the work to be performed
in accomplishing the project objectives.

1. Contract Work Breakdown Structure {(CWBS) - the complete WBS for a contract developed and
used by a contractor in accordance with the contract work statement. It extends the PSWBS to the
lowest level appropriate to the definition of the contract work.

2. Project Summary Work Breakdown Structure (PSWBS) - a summary WBS tailored by project
management to the specific project with the addition of the elements unique to the project. {11/90)

WORK BREAKDOWN STRUCTURE ELEMENT - any one of the individual items or entries in the WBS
hierarchy, regardiess of level. {11/90)

WORK DIRECTIVE CHANGE - a written directive to the contractor, issued on or after the effective date of
the agreement and signed by the owner and recommended by the engineer ordering an addition, deletion
or revision in the work, or responding to differing or unforeseen physical conditions or emergencies under
which the work is to be performed as provided in the general conditions. A work directive change may not
change the contract price or the contract time, but is evidence that the parties expect that the change
directed or documented by a work directive change will be incorporated in a subsequently issued change
order following negotiations by the parties as to its effect, if any, on the contract price or contract time.
{11/90)

WORKHOUR - an analysis of planned versus actual staffing of the project used to determine work
progress, productivity rates, staffing of the project, etc. (11/80)

WORK-IN-PROCESS - preduct in various stages of completion throughout the factory, including raw
material that has been released for initial processing and completely processed material awaiting final
inspection and acceptance as finished product or shipment to a customer. Many accounting systems also
include semifinished stock and components in this category. Syn: IN-PROCESS INVENTORY. (11/90)

WORK ITEM - the precedence notation equivalent of an activity. See ACTIVITY. {11/90)

WORK PACKAGE - a segment of effort required to complete a specific job such as a research or
tachnological study or report, experiment or test, design specification, piece of hardware, element of
software, process, construction drawing, site survey, construction phase element, procurement phase
element, or service, which is within the responsibility of a singie unit within the performing organization.
The work package Is usually a functional division of an element of the lowest leve! of the WBS. (11/90)

WORK POWER LEVELING - see LOAD LEVELING. (1190}

WORK SAMPLING - A direct method of measuring and monitoring labor productivity so that labor
resources can be minimized and wasted effort eliminated from work processes. Work sampling provides
information about the work process (i.e., how work is done) in @ way that supports statistical assessment
of such processes in order to optimize productivity. {1/04)

WORK SITE - The area designated in the contract where the facility is to be constructed. (11/90)

WORK UNIT - a unit of time used to estimate the duration of activities. (11/90}
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WORTH - the worth of an item or groups of items, as in a complete facility, is determined by the return on
investment compared to the amount invested. The worth of an item s dependent upon the analysis of
feasibility of the entire item or group or items under discussion {or examination). {11/90)

WRITTEN AMENDMENT - A written amendment of the confract documents, signed by the owner and the
contractor on or after the effective date of the agreement and normally dealing with the non-engineering
or non-technical rather than strictly work-related aspects of the contract documents. (11/90)

YEAR-TO-YEAR PRICE INDEX - a price index for a given year with the preceding year as the base
period. {11/90)

YIELD - the ratio of return or profit 6ver the dssociatéd Investment, expressed as a percentage or decimal
usually on an annual basis. See RATE OF RETURN. (11/90)
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PURPOSE

As a recommended practice of AACE International, the Cost Estimate Classification System provides
guidelines for applying the general principles of estimate classification to asset project cost estimates.
Asset project cost estimates typically invoive estimates for capital investment, and exciude operating and
life-cycle evaluations. The Cost Estimate Classification System maps the phases and stages of asset cost
estimating together with a generic maturity and quality matrix that can be applied across a wide variety of
industries.

This guideline and its addenda have been developed in a way that:

» provides common undersianding of the concepts involved with classifying project cost estimates,
regardliess of the type of enterprise or industry the estimates relate to;

« fully defines and correlates the major characteristics used in classifying cost estimates sc that
enterprises may unambiguously determine how their practices compare to the guideiines;

uses degree of project definition as the primary characteristic to categorize estimate classes; and
o reflects generally-accepted practices in the cost engineering profession.

An intent of the guidelines is to improve communication among all of the stakeholders involved with
preparing, evaluating, and using project cost estimates. The varigus parties that use project
cost estimates often misinterpret the quality and value of the information available to prepare cost
estimates, the various methods employed during the estimating process, the accuracy level expected
from estimates, and the leve! of risk associated with estimates.

This classification guideline is intended to help those involved with project estimates to avoid
misinterpretation of the various classes of cost estimates and to avoid their misapplication and
misrepresentation. Improving communications about estimate classifications reduces business costs and
project cycie times by avoiding inappropriate business and financial decisions, actions, delays, or
disputes caused by misunderstandings of cost estimates and what they are expected to represent.

This document is intended to provide a guideline, nct a standard. } is understood that each enterprise
may have its own project and estimating processes and terminology, and may classify estimates in
particutar ways. This guideline provides a generic and generally-acceptable classification system that can
be used as a basis to compare against. If an enterprise or organization has not yet formally documented
its own estimate classification scheme, then this guideline may provide an acceptable starting point.

INTRODUCTION

An AACE International guideline for cost estimate classification for the process industries was
developed in the late 1960s or early 1970s, and a simpiified version was adopted as an ANS|
Standard 294.0 in 1972, Those guidelines and standards enjoy reasonably broad acceptance within the
engineering and construction communities and within the process industries. This
recommended practice guide and its addenda improves upon these standards by:

1. providing a classification method applicable across all industries; and
2. unambiguously identifying, cross-referencing, benchmarking, and empirically evaluating the multiple
characteristics related to the class of cost estimate.

This guideline is intended to provide a generic methodology for the classification of project cost
estimates in any industry, and will be supplemented with addenda that will provide extensions and
additional detail for specific industries.
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CLASSIFICATION METHODOLOGY

There are numerous characteristics that can be used to categorize cost estimate types. The most
significant of these are degree of project definition, end usage of the estimate, estimating methodolagy,
and the effort and time needed to prepare the estimate. The “primary” characteristic used in this guideline
1o define the classification category is the degree of project definition. The other characteristics are
“secondary.”

Categorizing cost estimates by degree of project definition is in keeping with the AACE International
philosophy of Totai Cost Management, which is a quality-driven process appiied during the entire project
fife cycle. The discrete levels of project definition used for classifying estimates corespond to the typical
phases and gates of evaluation, authorization, and execution often used by project stakeholders during a
project life cycle.

Five cost estimate classes have been established. While the level of project definition is a continuous
spectrum, it was determined from benchmarking industry practices that three o five discrete categories
are commonly used. Five categories are established in this guideline as it is easier to simplify by
combining categories than it is to arbitrarily split a standard.

The estimate class designations are labeled Class 1, 2, 3, 4, and 5. A Class 5 estimate is based upon
" the lowest level of project definition, and a Class 1 estimate is closest to full project definition and
maturity. This arbitrary “countdown” approach considers that estimating is a process whereby successive
estimates are prepared until a final estimate closes the process.

Primary 3
Characteristic Secondary Characteristic
EXPECTED PREPARATION
l’;l;\gilég? ENDUSAGE | METHO ACCURACY EFFORT
DOLOGY RANGE Typical d
DEFINITION Typical purpose | Typical estimating . ypodl cegroa
ESTIMATE Expressed as % of { ostimat method Typical +/- range of effort relalive
CLASS comolots definion of estmata © relative to best 10 least cost
P index of 1 [a] index of 1 [b}
Screening or Stochastic or

L L
Class 5 0% o 2% Feasibility Judgment 44020 1

o Concepl Study or Primanly
Class 4 1% fo 15% Feasibifity Stochastic 3o 12 204

Budget, Mixed, but
Class 3 10% to 40% Authorization, or Primarily 206 3010
Control Stochastic
Control or Bid/ Primarily
Ciass 2 30% to 70% Tender Daterministic 1io3 Sto20
Check Estimate or .

o, 10, g

Class 1 50% 1o 100% Bid/Tender Deterministic i 100 100
Netes:  [a] if the range index value of "4" represents +10/-5%, then an index value of 10 represents +100/-50%.

[b] If the cost index vaiue of “1" represents 0.005% of project costs, then an index value of 100 represents 0.5%.

Figure 1 — Generic Cost Estimate Classification Matrix
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DEFINITIONS OF COST ESTIMATE CHARACTERISTICS

The following are brief discussions of the varicus estimate characteristics used in the estimate
classification matrix. For the secondary characteristics, the overall trend of how each characteristic varies
with the degree of project definition {the primary characteristic) is provided.

Level of Project Definition {(Primary Characteristic)

This characteristic is based upon percent complete of project definition (roughly carresponding to
percent complete of engineering). The level of project definition defines maturity or the extent and types
of input information available to the estimating process. Such inputs include project scope definition,
requirements documents, specifications, project plans, drawings, calculations, learnings from past
projects, reconnaissance data, and other information that must be developed to define the project. Each
industry wilt have a typical sef of deliverables that are used to support the type of estimates used in that
industry. The set of deliverables becomes more definitive and complete as the level of project definition
(i.e., project englheering) progresses.

End Usage (Secondary Characteristic)

The various classes (or phases) of cost estimates prepared for a project typically have different end
uses or purposes. As the level of project definition increases, the end usage of an estimate
typically progresses from sirateqic evaluation and feasibility studies to funding authorization and budgets
to project control purposes.

Estimating Methodology (Secondary Charaeteristic)

Estimating methodologies fall into two broad categories: stochastic and deterministic. In stochastic
methods, the independent variable(s) used in the cost estimating algorithms are generally something
other than a direct measure of the units of the item being estimated. The cost estimating relationships
used in stochastic methods often are somewhat subject to conjecture. With deterministic methods, the
independent variable{s} are more or less a definitive measure of the item being estimated. A deterministic
methodology is not subiect to significant conjecture. As the level of project definition increases, the
estimating methedology tends to progress from stochastic to deterministic methods.

Expected Accuracy Range (Secondary Characteristic)

Estimate accuracy range is in indication of the degree to which the finai cost outcome for a given
project will vary from the estimated cost. Accuracy is traditionally expressed as a +/- percentage range
around the peint estimate after application of contingency, with a stated level of confidence that the actual
cost outcome would fall within this range (+/- measures are a useful simplification, given that actual cost g

outcomes have different frequency distributions for different types of projects). As the level of project
definition increases, the expected accuracy of the estimate tends to improve, as indicated by a tighter +/
range.

Note that in figure 1, the values in the accuracy range column do not represent + or - percentages,
but instead represent an index value relative to a best range index value of 1. If, for a particular industry,
a Class 1 estimate has an accuracy range of +10/-5 percent, then a Class 5 estimate in that same
industry may have an accuracy range of +100/-50 percent.

Effort to Prepare Estimate {Secondary Characteristic)

The level of effort needed to prepare a given estimate is an indication of the cost, time, and resources
required. The cost measure of that effort is typically expressed as a percentage of the total project costs
for a given project size. As the level of project definition increases, the amount of effort to prepare an
estimate increases, as does its cosi relative to the total project cost. The effort to develap the project
deliverables is not included in the effort metrics; they only cover the cost to prepare the cost estimate
itself.
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RELATIONSHIPS AND VARIATIONS OF CHARACTERISTICS

There are a myriad of complex relationships that may be exhibited among the estimate characteristics
within the estimate classifications. The overall trend of how the secondary characteristics vary with the
level of project definition was provided above. This section explores those trends in more detail. Typically,
there are commonalties in the secondary characteristics between one estimate and the next, but in any
given situation there may be wide variations in usage, methodology, accuracy, and effori.

The level of project definition is the "driver” of the other characteristics. Typically, all of the secondary
characteristics have the level of project definition as a primary determinant. While the other characteristics
are important to categorization, they lack complete consensus. For example, one estimator's "bid” might
be another's “budget.” Characteristics such as "accuracy” and "methedology” can vary markedly from
one industry to another, and even from estimator to estimator within a given industry.

Level of Project Definition

Each project {or industry grouping) will have a typical set of deliverables that are used to supporta |
given class of estimate. The availability of these deliverables is directly related to the fevel of project (
definition achieved. The variations in the deliverables required for an estimate are tco broad to cover in
detail here; however, it is important to understand what drives the variations. Each industry group tends to
focus on a defining project element that “drives” the estimate maturity level, For instance, chemical
industry projects are “process equipment-centric”—i.e., the level of project definition and subsequent
estimate maturity level is significantly determined by how weil the equipment is defined. Architectural
projects tend to be “structure-centric,” software projects tend to be “function-centric,” and so on.
Understanding these drivers puts the differences that may appear in the more detailed industry addenda
into perspective.

End Usage

While there are common end usages of an estimate among different stakeholders, usage is often
relative to the stakeholder's identity. For instance, an owner company may use a given class
of estimate fo support project funding, while a contractor may use the same class of estimate to support a
contract bid or tender. It is not at all uncommon to find stakeholders categorizing their estimates by
usage-related headings such as "budget,” “study,” or “bid.” Depending on the stakeholder's perspective
and needs, it is important to understand that these may actually be all the same class of estimate (based
on the primary characteristic of level of project definition achieved).

Estimating Methodology

As stated previously, estimating methodologies fall into two broad categories: stochastic and
deterministic. These broad categories encompass scores of individual methodologies. Stochastic
methods often involve simple or complex modeling based on inferred or statisticai relationships between
costs and programmatic and/or technical parameters. Deterministic methods tend to be straightforward
counts or measures of units of items multiplied by known unit costs or factors. It is important to realize
that any combination of methods may be found in any given class of estimate. For example, if a
stochastic method is known to be suitably accurate, it may be used in place of a deterministic method
even when there is sufficient input information based on the level of project definition to support a
deterministic method. This may be due to the lower level of effort required to prepare an estimate using
stochastic methods.

Expected Accuracy Range

The accuracy range of an estimate is dependent upon a number of characteristics of the estimate
input information and the estimating process. The extent and the maturity of the input information as
measured by percentage completion (and related to level of project definition) is a highly-important
determinant of accuracy. However, there are factors besides the available input information that aiso
greatly affect estimate accuracy measures. Primary among these are the state of technology in the
project and the quality of reference cost estimating data.
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State of technology-—technology varies considerably between industries, and thus affects estimate
accuracy. The state of technology used here refers primarily fo the programmatic or technical uniqueness
and complexity of the project. Procedurally, having “full extent and maturity” in the estimate basis
deliverables is deceptive if the deliverables are based upon assumptions regarding uncertain technology.
for a "first-of-a-kind” project there is a lower level of confidence that the execution of the project will be
successful (all else being equal). There is generally a higher confidence for projects that repeat past
practices. Projects for which research and development are still under way at the time that the estimate is
prepared are particularly subject to low accuracy expectations, The state of technology may have an
order of magnitude (1G to 1} effect on the accuracy range.

Quality of reference cost estimaling data—accuracy is also dependent on the guality of reference cost
data and history. it is possible to have a project with “common practice” in technology, but with little cost
history available concerning prajects using that technology. In addition, the estimating process typically
employs a number of factors to adjust for market conditions, project focation, environmental
considerations, and other estimate-specific conditions that are often uncertain and difficult to assess. The
accuracy of the estimate will be better when verified empirical data and statistics are employed as a basis
for the estimating process, rather than assumptions.

In summary, estimate accuracy will generally be correlated with estimate classification (and therefore
the level of project definition), all else being equal. However, specific accuracy ranges will typically vary
by industry. Also, the accuracy of any given estimate is not fixed or determined by its classification
category. Significant variations in accuracy from estimate to estimate are possible if any of the
determinants of accuracy, such as technology, quality of reference cost data, quality of the estimating
process, and skill and knowledge of the estimator vary. Accuracy is also not necessarily determined by
the methodology used or the effort expended. Estimate accuracy must be evaluated on an estimate-by-
estimate basis, usually in conjunction with some form of risk analysis process.

Effort to Prepare Estimate

The effort to prepare an estimate is usually determined by the extent of the input information
available. The effort will normally increase as the number and complexity of the project definition
deliverables that are produced and assessed increase. However, with an efficient estimating methodology
on repetitive projects, this reiationship may be less defined. For instance, there are combination
design/estimating tools in the process industries that can often automate much of the design and
estimating process. These tools can often generate Class 3 deliverables and estimates from the most
basic input parameters far repetitive-type projects. There may be similar fools in other industry groupings.

It also should be noted that the estimate preparation costs as a percentage of total project costs will
vary inversely with project size in a nonlinear fashion. For a given class of estimate, the preparation cost
percentage will decrease as the total project costs increase. Also, at each class of estimate, the
preparation costs in different industries will vary markedly. Metrics of estimate preparation costs normally
exclude the effort to prepare the defining project deliverables.

ESTIMATE CLASSIFICATION MATRIX

The five estimatea classes are presented in figure 1 in relationship to the identified characteristics.
Only the level of project definition defermines the estimate class. The other four characteristics are
secondary characteristics that are generally correlated with the level of project definition, as discussed
above.

This generic matrix and guideline provide a high-level estimate classification system that is
nonindustry specific. Refer to subsequent addenda for further guidelines that will provide more detailed
information for application in specific industries. These will provide additional information, such as input
deliverabie checklists, to allow meaningful categorization in that industry.
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PURPOSE

As a recommended practice of AACE International, the Cost Estimate Classification System provides
guidelines for applying the general principles of estimate classification ta project cost estimates (i.e., cost
estimates that are used to evaluate, approve, andfor fund projects). The Cost Estimate Classification
Systerm maps the phases and stages of project cost estimating together with a generic maturity and
quality matrix, which can be applied across a wide variety of industries.

This addendum to the generic recommended practice provides guidelines for applying the principies
of estimate classification specifically to project estimates for engineering, procurement, and construction
{EPC) work for the process industries. This addendum supplements the generic recommended practice
{17R-97) by providing:

a section that further defines classification concepts as they apply to the process industries;

charts that compare existing estimate classification pragtices in the process industry, and

a chart that maps the extent and maturity of estimate input information (project definition deliverables)
against the class of estimate.

As with the generic standard, an intent of this addendum is to improve communications among all of
the stakeholders invoived with preparing, evaluating, and using project cost estimates specifically for the
process industries.

it is understood that each enterprise may have its own project and estimating processes and
terminotogy, and may classify estimates in particular ways. This guideline provides a generic and
generally acceptable classification system for process industries that can be used as a basis to compare
against. It is hoped that this addendum will allow each user to better agsess, define, and communicate
their own processes and standards in the light of generally-accepted cost engineering practice.

INTRODUCTION

For the purposes of this addendum, the term process industries is assumed to include firms involved
with the manufacturing and production of chemicals, petrochemicals, and hydrocarbon
processing. The common thread among these industries {for the purpose of estimate classification) is
their refiance on process flow diagrams (PFDs) and piping and instrument diagrams {P&IDs) as primary
scope defining documents. These documents are key deliverables in determining the level of project
definition, and thus the extent and maturity of estimate input
information.

Estimates for process facilities center on mechanical and chemical process equipment, and they have
significant amounts of piping, instrumentation, and process controls involved. As such, this addendum
may apply to portions of other industries, such as pharmaceutical, utility, metallurgical, converting, and
similar industries. Specific addendums addressing these industries may be developed over time.

This addendum specifically does not address cost estimate classification in nonprocess industries
such as commercial building construction, environmental remadiation, fransportation infrastructure, *dry”
processes such as assembly and manufacturing, "soft asset’ production such as software development,
and similar industries. It aiso does not specifically address estimates for the expiloration, production, or
transportation of mining or hydrocarbon materials, although it may apply to some of the intermediate
processing steps in these systems.

The cost estimates covered by this addendum are for engineering, procurement, and construction
{EPC) work only. it does not cover estimates for the products manufactured by the process facilities, or
for research and development work in suppen of the process industries. This guideline does not cover the
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significant building construction that may be a part of process plants. Building construction will be covered
in a separate addendum.
This guideline reflects generally-accepted cost engineering practices. This addendum was based
upon the practices of a wide range of companies in the process industries from around the world, as well
as published references and standards. Company and public standards were solicited and reviewed by
the AACE International Cost Estimating Committee. The practices were found to have significant
commonalities that are conveyed in this addendum.

-COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES

The five estimate classes are presented in figure 1 in relationship to the identified characteristics.
Only the level of project definition detemmines the estimate class. The other four characteristics are
secondary characteristics that are generally correlated with the leve! of project definition, as discussed in
the generic standard. The characteristics are typical for the process industries but may vary from
application to application.

This matrix and guideline provide an estimate classification system that is specific to the process
industries, Refer te the generic standard for a general matrix that is non-industry specific, or to other
addendums for guidelines that will provide more detailed information for application in other specific
industries. These will typically provide additional information, such as input deliverable checklists to allow
meaningful categorization in those particular industries.

Primmary
Characieristic Secondary Characteristic
Levetor B | anon
PROJECT END USAGE METHODOLOGY RANGE Typical degree of
ESTMATE | o DEH ";“0“ Typical purpose of | Typleal estimating | oy oriationin | effort refative to
CLASS pressed as % of estimate methed jowandhigh | least cost index of
complete definition g
ranges Ja) 1[b)
Capacity Factored,
. Parametric Modeis, | L -20% 1o -50%
G, 1]
Class 5 0%to 2% Concept Screening Judgment, o H: +30% to +100% 1
Analogy )
- Equipment .
Class 4 1%t015% | SudyorFeasibiity |  Factoredor (L2 1%1030% 204
Parametric Models | - <0 /*1@
Semi-Detailed Unit
Budget ”
L= Costs with L «10%to-20%
0,
Class 3 10% to 40% Authorization, or Assembly Level H: +10% to +30% 3to 10
Contrad .
Line lfems
Detailed Unit Cost .,
Class 2 30% to 70% Cm;’::‘ Bla/ with Forced ; ;55‘;‘;”“’ s 41020
naer Detailed Take-Off ' o
.
Detaited Unit Cost ;¢ &
Check Estimateor | - ) L -3%to-10% 7 o
Class 1 50% to 100% BidiTender with Detgﬁlgd Take- H: +3% to +15% Sto100 (}"Tb b

Notes:  [2]

The state of process technolegy 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] ifthe range index value of "1" represents 0.005% of preject costs, then an index value of 100 represents 0.5%.

Estimate preparation effor is highly dependent upon the size of the project and the quality of estimating data and

tools.
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Figure 1. — Cost Estimate Classification Matrix for Process Industries
CHARACTERISTICS OF THE ESTIMATE CLASSES

The following chans {figures 2a through 2e) provide detailed descriptions of the five estimate
classifications as applied in the process industries. They are presented in the order of least-defined
estimates to the most-defined estimates. These descriptions include brief discussions of each of the
estimate characteristics that define an estimate class.

For each char, the following information is provided:

» Description: a short description of the class of estimate, including a brief listing cf the expected
estimate inputs based on the leve! of project definition.

+ Level of Project Definition Required: expressed as a percent of full definition. For the process
industries, this correlates with the percent of engineering and design complete.

= End Usage: a short discussion of the possible end usage of this class of estimate.

s Estimating Metheds Used: a listing of the possible estimating methods that may be employed o
develop an estimate of this class.

= Expected Accuracy Range: typical variation in iow and high ranges after the application of
contingency {determined at a 50% level of confidence). Typicaily, this results in a 90% confidence
that the actual cost will fall within the bounds of the low and high ranges.

s+ Effort to Prepare: this section provides a fypical level of effort {in hours) to produce a complete
estimate for a US$20,000,000 plant. Esfimate preparation effort is highly dependent on project size,
project complexity, estimator skills and knowledge, and on the availability of appropriate estimating
cost data and tools.

» ANSI Standard Reference (1989} Name: this is a reference to the equivalent estimate class in the
existing ANS! standards.

» Alternate Estimate Names, Terms, Expressions, Synonyms: this section provides cther
commoenly used names that an estimate of this class might be known by. These alternate names are
not endorsed by this Recommended Practice. The user is cautioned that anh altermnative name may not
always be correlated with the class of estimate as identified in the chart.

CLASS 5 ESTIMATE

Dascription: Estimating Methods Used:

Class 5 estimates are generally prepared based on very
limited information, and subsequently have wide aceuracy
ranges. As such, some companies and organizations have
elected to determine that due to the inherent inaccuracies,
such estimates cannot be classified in a conventional and
systemic manner. Class 5 estimates, due to the
requirements of end use, may be prepared within a very
limited arnount of time and with little effort expended—
sometimes requiring less than an hour to prepare. Often,
little more than proposed plant fype, location, and capacity
are known at the time of estimate preparation.

1.evet of Project Definition Required:
0% to 2% of full project definition.

End Usage:

Class 5 estimates are prepared for any number of strategic
business planning purposes, such as but not limited to
market studies, assessmeant of initial viability, evaluation of
aitermate schemes, project screening, project location
studies, evaluation of resource needs and budgeting, long-
range capitat planning, efc.

Class 5 estimates virtuatly atways use stochastic
estimating methods such as cost/capacity curves and
factors, scale of operations factors, Lang factors, Hand
factors, Chilton factors, Peters- Timmerhaus factors,
Guthrie factors, and cther parametric and modeling
techniques.

Expected Accuracy Range;

Typical accuracy ranges for Class 5 estimates are - 20% to
-50% on the low side, and +30% to +100% on the high
side, depending on the technological complexity of the
project, appropriate reference information, and the
inciusion of an appropriate contingency determination.
Ranges could exceed those shown in unusual
circumstances.

Effort to Prepare (for US$20MM project):

As little as 1 hour or less to perhaps more than 200 hours,
depending on the project and the estimating methoadology
used,

ANS! Standard Reference Z94.2-1983 Name:
OQrder of nagnitude estimate (typically -30% to +50%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Ratio, balipark, blue sky, seat-of-pants, ROM, idea study,
prospect estimate, concession license estimate,
guesstimate, ruje-of-thumb.
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CLASS 4 ESTIMATE

Description:

Class 4 estimates are generally prepared based on limited
information and subsequently have fairly wide accuracy
ranges. They are typically used for project screening,
determination of feasibility, concept evaluation, and
preliminary budget approval. Typically, engineering is from
1% to 15% complete, and would comprise at a minimum
the following: plant capacity, block schematics, indicated
fayoul, process flow diagrams (PFDs) for main process
systems, and preliminary engineered process and ulillty
eguipment fists,

Level of Project Deflinition Required:
1% to 15% of full project definition.

End Usage:

Class 4 estimates are prepared for a number of purposes,
such as but naot fimited to, detailed strategic planning,
business development, praject screening at more
developed stages, alfemalive scheme analysis,
confirmation of economic and/or technical feasibility, and
prefiminary budget approval or approval fo proceed to next

stage.

Estimating Methods Used:;

Class 4 estimates virtually always use stochastic
estimating methods such as equipment factors, Lang
faclors, Hand factors, Chilton factors, Peters-Timmerhaus
factors, Guthrie factors, the Miller method, gross unit
costsiratics, and other parametric and modeling
technigues.

Expected Accuracy Range:

Typical accuracy ranges for Class 4 estimates are -15% {o
-30% on the low side, and +20% to +50% on the high side,
depending on the techrdogical complexify of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort ta Prepare {for US$Z0MM project):

Typically, as fitite as 20 haurs or Jess to perhaps more than
300 hours, depending on the project and the estimating
methodology used,

ANSI Standard Reference Z84.2-1982 Name:
Budget estimate {typically - 15%1c + 30%). -

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Screening, top-down, feasibllity, authorization, factored,
pre-design, pre-study.

Figure 2b. ~ Class 4 Estimate

CLASS 3 ESTIMATE

Description:

Class 3 estimates are generally prepared to form the basis
for budget authorlzation, appropriation, and/or funding. As
such, they typlcally form the Initial control estimate against
which all acfual costs and resources will be monitored.
Typically, engneeting ls from 10% to 40% complete, and
would comprise at a minimurn the fdlowing: process flow
diagrams, utility flow diagrams, preliminary piping and

instrument diagrams, plot ptan, developed layoul drawings,

and esseniially complete engineered process and utility
aguipment lisls,

Lovel of Project Definition Required:
10% to 40°% of full prgect definition.

End Usage:

Class 3 estimales are typically prepared to support full
project funding requests, and become the first of the
project phase “control estimates™ against which all actual
costs and resources will be monitored for variations to the
budget. They are used as the project budget untit replaced
by more detailed estimates. In many owner organizations,
a Class 3 estimate may be the last estimate required and
could well form the only basis for cosi/schedule centrol,

Estimating Methods Used:

Class 3 estimates usually involve more deterministic
estimating methods than stochastic methods. They usually
involve a high degree of unit cost line items, althogh these
may be at an assembly level of detall rather than individual
components. Facloring and other stcehasfic methods may
be used to estimate less-significant areas of the project.

Expected Accuracy Range:

Typical accuracy ranges for Class 3 estimates are -10%to
-20% on the jow side, and +10% to +30% on the high side,
depending on the techndogical complexity of the project,
appropriate reference information, and the inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare {for US$20MM project):

Typically, as little as 150 hours or less to perhaps more
than 1,500 hours, depending on the project and the
estimating methodology used.

ANS! Standard Reference 794.2-1989 Name:
Budget estimate (typically - 15%to + 30%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Budget, scope, sanction, semi-detalled, authorization,
preliminary control, concept study, development, basic
engineering phase estimate, target estimate.

Figure 2e. ~ Class 3 Estimate
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CLASS 2 ESTIMATE

Description:

Class 2 estimates are generaily prepared to farm a detailed
contrd baseline against which all project work is monitored
in terms of cost and progress control. For contradtors, this
class of estimate is often used as the “bid" estimate to
establish contract value. Typically, engineering is from 30%
to 70% complete, and would comprise at a minimum the
following: process flow diagrams, utifity flow diagrams,
piping and Instrumery diagrams, heat and material
balances, final plot pian, final layout drawings, complete
engineered process and utllity equipment lists, single ling
diagrams for efectrical, elecirical equipment and motor
schedules, vendar quolations, detafled project execution
plans, resourcing and work force plans, elc.

Lavel of Project Definition Required:
30% to 7% of full project definition,

End Usage:

Class 2 estimates are typically prepared as the detailed
control baseline against which ali actual sosts and
resources will now be monitered for variations to the
budget, and form a part of the change/variation control

program.

Estimating Methods Used:

Class 2 estimates always involva a high degree of
deterministic estimating methods. Class 2 estimates are
prepared in great detail, and often involve tens of
thousands of unit cost line items. For those areas of the
project still undefined, an assumed level of detail takeck
{forced detalt) may be developed to use as line tems in the
estimate Instead of relying on factaring methods.

Expacted Accuracy Range:

Typical accuracy ranges for Class 2 elimates are -5% to
_$5%, on the low side, and +5% to +20% on the high side,
depending on the technalogical complexity of the project,
appropriate reference inforrmation, and the Inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare (for US$20MM project):

Typically, a5 iittle as 300 hours of less to perhaps more
than 3,000 haurs, depending on the project and the
estimating methodology used. Bid estimates typicaily
require more effort than estimates used for funding or
contral purposes,

ANSI Standard Refarence Z84.2-1888 Name:
Definitive estimate (typically -5%to+ 15%).

Altornate Estimnate Names, Terms, Expressions,

nonyms:
Detailed control, forced detail, execution phase, master
control, engineering, bid, tender, change order estimate.

Figure 2d. - Class 2 Estimate

CLASS 1 ESTIMATE

Description:

Class 1 estimates are generally prepared for discrete parts
or sections of the total project rather than generating this
tevel of detail for the entire project. The parts of the project
estimated at this level of defail wiil typicaily be used by
subcontractors for bids, or by owners for check estimates.
The updated estimate is often referred to as the cument
contrd estimate and becomes the new baseiline for
costischeduie contral of the project. Class 1 estimates may
be prepared for parts of the project to comprise a fair price
estimate or bid check estimate o compare againg a
contractor's bid estimate, or to evaluate/dispute clalms.
Typicaily, engineering is from 50%to 100% iete, and
would comprise virluaily all engineering and design
documentation of the project, and complete project
execulion and commigsioning plans.

Level of Project Definition Required:
50% to 100% of full project definition.

End Usage:

Class 1 astimates are typically prepared to form a current
contrd estimate o be used as the final contrd basefine
against which all actual costs and resources will now be
monttored for variations to the budget, and form a part of
the changevariation control program. They may be used io
evaluate bid checking, to support vendor/conlactor
negotiations, or for claim evaluations and dispute
resolution.

Estimating Methods Used:

Class 1 estimates involve the highest degree of
deterministic estimating methods, and require a great
amount of effort. Class 1 estimates are prepared in great
detail, and thus are usually performed on only the most
important or crifical areas of the project. All tems in the
estimate are usualtly unit cost fine items based on actual
design quantities.

Expected Accuracy Range:

Typical agcuracy ranges for Class 1 eslimates are -3% to
-10% on the low side, and +3% to +15% oncthe high side,
depending on the technclogical complexity of the project,
appropriale reference information, and the Inclusion of an
appropriate contingency determination. Ranges could
exceed those shown in unusual circumstances.

Effort to Prepare {for US$20MM project):

Class 1 estimates require the most effort to create, and as
such are generally developed for only selected areas of the
project, or for biddng purposes. A complete Class 1
estimate may invcive as litle as 800 hours or less, fo
perhaps more than 6,000 hours, depending on the project
and the estimating methodotogy used. Bid estimates
typically require more effort than estimates Lised for funding
or contral purpoeses.

ANSI Standard Reference Z94.2 Nams;
Definitive estimate (typically -5%to+ 15%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:

Full detall, release, fall-out, tender, firn price, bottoms-up,
final, detafied control, forced detail, execution phase,
master control, fair price, definitive, change order estimate.

Figure 2e. — Class 1 Estimate
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COMPARISON OF CLASSIFICATION PRACTICES

Figures 3a through 3c provide a comparison of the estimate classification practices of various firms,
organizations, and published sources against one another and against the guideline classifications.
These tables permits users to benchmark their own classification practices.

i
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Figure 3a. - Comparison of Classification Practices
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ESTIMATE INPUT CHECKLIST AND MATURITY MATRIX

Figure 4 maps the extent and maturity of estimate input information (deliverables) against the five
estimate classification levels. This is a checklist of basic deliverables found in common practice in the
process industries. The maturity level is an approximation of the degree of completion of the deliverable.
The degree of completion is indicated by the following letters.

Nane (blank}: development of the deliverable has not begun.
Started {8}: work on the deliverable has begun. Development is typically fimited to sketches, rough
outlines, or similar levels of early completion.

= Preliminary (P). work on the deliverable is advanced. Interim, cross-functional reviews have usually
been conducted. Development may be near completion except for final reviews and approvais.

= Complete (C): the deliverable has been reviewed and approved as appropriate.

- ESTIMATE CLASSIFICATION
General Project Data: CLASS 5 CLASS 4 CLASS3 |[CLASS2|CLASS1
 Project Scope Bessription General Preliminary Defined Defined | Defined
Fiant Production/Facility Capacity Assumed Preliminaty Defined Defined | Defined
Plant Location General Approximate Specific Specific | Specific
Soils & Hydrology None Preliminary Defined Defined | Defined
Integrated Project Plan None Preliminary Defined Defined | Defined
Project Master Schedule None Prefiminary Defined Defined |} Defined
Escalation Strategy None Preliminary Defined Defined } Defined
Work Breakdown Structure None Preliminary Defined Defined | Defined
Project Code of Accounts None Preliminary Defined Defined | Defined
Contracting Strategy Assumed Assumed Preliminary | Defined | Defined
Engineering Deliverables:
Block Flow Diagrams SiP PIC C [+ C
Plot Plans S PiC C [¢]
Process Flow Diagrams (PFDs) SP PIC [s C
Utility Flow Diagrams (UFDs) sP PIC [o] ]
Piping & Instrument Diagrams (P&1Ds) 3 PIC C ]
Heat & Material Balances 5 2IC c c
Process Equipment List SIP PiC ] C
Utility Egquipment List SP PIC C c
Electrical One-Line Drawings [ PIC IS c
Specifications & Datasheets S PiC C C
General Equipment Arrangesment Brawings 5 PIC C c
Spare Paris Lislings SP P [+]
Mechanical Diseipline Drawings 5 P PIC
[Electical Disdipiine Drawings S P PIiC
Instrumentation/Control System Discipline Drawings 5 - PiC
CivilStrudtural/Site Discipline Drawings S 2] PIC

Figure 4, - Estimate Input Checklist and Maturity Matrix
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Construction Cost Contingency Tracking System

M. John F. Rowe, PE

he author will present an objective, forward-looking

cost contingency tracking system (CTS) that uses

readily available cost information and a simple

spreadsheet format. Using the CTS, project man-
agers can 4ssign contingency to construction contracts, track its
consumption and manage a reserve for upeoming work, The
paper will discuss the development of mles, using the perceived
risk of each construction contract, to assign an initial contingency
value to each construction contract. The auther will then describe
setting up the CTS using this initially assigned contingency value,
basic cost information and cost trends from field staff. Once in
place, project managers can use the CTS to assess 4 project’s over-
all budget health and fucus on contracts that require special atten-
tion. The CTS can also be used tu calculste the estimated cost at
completion for each contract to provide early waming of overruns.
It hias been successiully tested on a $1.4 billion rail and highway
imsprovement program,

CONTINGENCY

The Associztion for Advancement of Cost Engineering
defines rontingency as, "An amount added to the estimate to
allow for changes that experience shows will likely be
required”[5]. The value of possible changes, and thuy contin-
geney, is proportional to the risk present in a project and this risk
drops as the design advances, construction contracts are awarded,
and construction is completed. Figure I shows a downward slop-
ing channel that represents lotal project contingency over the life
cycle of 2 project, Typically, the baseline project budget is set at
some point in the project life cycle and project managers must
live within that contingency budget. Ideally, the baseline budget
should not be set until the project manager has a good handle on
the remaining project risk and can determine a sufficient value of
contingency to include in the budget to cover that risk [1,2].
Although beyond the scope of this paper, much has been written
about technigues to initially set the contingency budget including
expert opinion, Monte Carlo analysis, and other statistical meth.
ods [3,4]. This paper will focus on managing that contingency
budget ance it has been set, specifically during the construction

phase of a capital project, This iy sccomplished by solving the
twin problems of how to assign cost contingency to each con-
struction contract and how to sccurately forecast the final cost of
these contracis af any given time,

The construction phase is where the rubber meets the road in
managing capital projects. The pace quickens, spending acceler-
ates, and an unprepared project team can he left in the dust,
During the eonstruction phase, the estimate at completion (EAC)
of the contract packages changes more quickly than at any other

phase of the project. A project mapager must be able to detect

potential project contingency shortfalls in order to down-scope or
otherwise rebuild contingency. Conversely, if it becomes apparent
that excess contingency will remain at the end of the project,
project managers should re-deploy that capital to a more produe-
tive usc as soon as passible.

ASSIGNING CONTINGENCY TO CONSTRUCTION
CONTRACTS

By the start of the construction phase, final design should be
complete and most, if not all, risk associated with each contiact
should result from change order growth occurring after contract
award. Since the engineer's estimate for n construction contract is
only intended to predict the bid price of the contract, contingency
must be included in the coniract budget to account for change
order growth.

Project managers should establish guidelines governing the
amount of change order contingency to be assigned to each von-
tract. A survey of past experience with change order growth on
completed contructs can provide a good basis for setting these
guiclelines. ‘lypically, since different types of contracts contain dif

event levels of change order risk, initial contingency guidelines
should take the contract type into account Table 1 shows an
exarnple set of guidelines by contract type—the details will vary by
project. Using established guidelines, tlie project team can quick-
ly determine the desired contingency value lo assign to each con-
tract as its deslgn is completed. The same guidelines will be used
to reset the contingency Eased on the original contract value once
bids are received on each contract. This initial contingency value
{C)) is a key numerical input to the CTS,

C5C.14.1
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