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1. PURPOSE

As a recommended practice (RP) of AACE International, the Cost Estimate Classification System provides guidelines
for applying the general principles of estimate classification to nuclear new build and modification® project cost
estimates (i.e., cost estimates that are used to evaluate, approve, and/or fund projects). The Cost Estimate
Classification System maps the phases and stages of project cost estimating together into a generic project scope
definition maturity and quality matrix, which can be applied across the nuclear power plant industry.

This recommended practice provides guidelines to both owners and service providers for applying the principles of
estimate classification specifically to project estimates for engineering, procurement, and construction (EPC) or
other contractual arrangements and execution venues, and their related work in ongoing or developing nuclear
power related projects. It supplements the generic cost estimate classification RP 17R-97 [1] by providing:
e A section that further defines classification concepts as they apply to the nuclear power industry and their
unique differences to other industries.
e A section on the industry specific quality assurance and regulator
cost estimate.

uireents that might influence the

e A section on general guidance regarding the application of pr rs applicable to labor
quantification that are specific to the conduct of work in support of n er projects
e A chart that maps the extent and maturity of estimate | i i or example, project definition

deliverables) into the estimate class.

As with the generic RP, the intent of this document is
stakeholders involved with preparing, evaluating, a
industries.

The overall purpose of this recommended p
deliverable maturity matrix that is not covere
the relationship of planning, prepara

7. [1] It also provides an approximate representation of
and project scope deliverable maturity with the estimate

accuracy and methodology used to p timate.
This document is intended deline, not a standard. It is understood that each enterprise may have its
own project and estimat inology, and may classify estimates in their own particular way. This

ly cceptable classification system for the nuclear power industries that can
f comparison. This recommended practice should allow each user to better
ir established and developed procedures in light of generally accepted cost

be used as a starting point for the bag
assess, define, and communi
engineering practice.

2. INTRODUCTION

For the purposes of this document, the term nuclear power industry is assumed to include private and public utilities
using nuclear fission reactors in the production of electrical power, exclusive of transmission and distribution. There
are primary scope defining documents that are credited for the purposes of their facilities operating license(s). These
documents are also key deliverables in determining the degree of project definition for modification and new build
projects, and thus the extent and maturity of estimate input information.

The scope of work typically addressed by cost estimates for nuclear power facilities are typically composed of key
features such as the following:

! For maintenance and turnaround projects, refer to RP 112R-20. [12]
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e The nuclear reactor structures, systems, equipment, and components (dependent on the various nuclear
technologies employed).

e The nuclear steam supply system (NSSS).

e The turbogenerator (TG) and auxiliary systems.

e The balance of plant (BOP) structures, systems, equipment, and components.

e The primary and secondary safety, radiation, fire protection and security requirements.

e External hazard probabilistic safety assessment (PSA) earthquake, flooding/tsunami, ambient temperature,
etc.

e Quality assurance and control requirements (applicable to design, procurement, and construction
activities).

e  Environmental requirements.

e Ascaled level of complexity with respect to the design and construction associated with a modification or
a new build project.

Cost estimates for nuclear power facilities include many management consi at are specific to the industry
and are outside of the typical mechanical, electrical and chemical process ight be encountered by
the estimator in other industries. Nuclear power related projects have ad onsiderations related to

licensing, worker radiation protection, nuclear safety systems pgacurement re¥gi ents, and security concerns
cost quantification elements.
Further, the estimator should be aware that due to the inj \ or depth and breadth of systems
redundancy for licensing and safety considerations, nuc i have significant amounts of piping,

The cost estimates covered by this RP are for procurement, and construction (EPC) work only. It does
not cover estimates for the product y the process facilities, or for research and development and
pilot scale work in support of the nuc ry. This guideline covers the significant building construction
that may be a direct part of assottated with a nuclear power plant. Major buildings not directly
associated with these pr, ffice buildings) should use the RP for general construction. [2] Fuel

practices of a wide range of in lonal companies in the nuclear power industry, as well as published references
and standards. Company and public standards were solicited and reviewed, and the practices were found to have
significant commonalities. [3] [4] [5] This classification is also supported by empirical nuclear power industry research
of systemic risks and their correlation with cost growth and schedule slippage. [6]
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3. QUALITY AND REGULATION OF THE NUCLEAR POWER INDUSTRIES

Safety is an important aspect for any industry; however, the emission of significant nuclear radiation (as well as the
release of radioactive materials) into the environment during an accident, causing harm to humans and the
environment both on the reactor site and off-site is a primary safety and licensing concern related specifically to
nuclear power plants.

Quality assurance and control is a fundamental process in a nuclear project together with nuclear standards and
codes and regulatory requirements. The nuclear industry has developed a set of nuclear specific engineering and
material standards and codes that address the safety related challenges posed by irradiated materials and averting
major structural or functional failure. These form part of the operators licensing conditions. For the purposes of
preparing and developing project cost estimates, these will usually be identified in the contractual specifications
provided to the EPC vendor.

Main cost drivers in nuclear cost estimates are as follows:
e The unique quality assurance and control (QA/C) requirem

result from high requirements and qualification for supp
commercial grade industries.

e The productivity factors associated with the perfg
environments. Labor transit times through se
protective equipment can significantly in
complete work scopes.

e Project planning that typically incorporates
planning culture to ensure dose zatio
exposure.

W5 reasonably achievable” (ALARA)? radiological
rker safety standards with respect to radiological

Nuclear regulation authorities aroun
new build and modification activities.
and long duration schedul
phases.? The reference
Canada. In the USA an

olvement and requirements are the primary drivers of high cost
g, permitting, engineering, fabrication, construction, and commissioning
or this RP are those in France, the UK, the United States (USA), and
more attention to quantitative goals, probabilistic assessments, and
containing costs. Due to the rigorousdlfety regulations and how they are enforced and sometimes change in some
countries such as France, the e USA, new build nuclear power plants face greater cost growth and schedule
slip compared to countries such as China, Russia, and the United Arab Emirates.

Existing nuclear codes and standards such as ASME (USA), CSA N299 and N285 (Canada), RCC (France), PNAE G-7
(Russia), and JSME (Japan) have an important influence on design, manufacturing, construction, and commissioning
on project cost and schedule. [7]

In nuclear projects the safety related qualification of structures, equipment and materials increase prices of
manufacturing and erection by a factor of 2 to 5 times non-nuclear items. The regulatory management requirements
for construction can increase labor costs by similar multipliers due to productivity impacts. Further, the impact of
schedule delays on long duration projects are compounded by financing and escalation costs. More important to the
topic of classification is that accuracy ranges are widened due to the uncertainty expressed by this range of
multipliers and risk drivers; the impact on any given project is hard to predict.

2 Defined in Title 10, Section 20.1003, of the Code of Federal Regulations (10 CFR 20.1003). [20]
3 Seek legal counsel in the country for specific application of regulations and requirements in the local jurisdiction.
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4. COST ESTIMATE CLASSIFICATION MATRIX FOR THE NUCLEAR POWER INDUSTRIES

A purpose of cost estimate classification is to align the estimating process with the typical project stage-gate scope
development and decision-making processes used in the nuclear industry. It should be recognized that some nuclear
project delivery entities (owners or vendors) employ a scaled approach to project delivery based on the evaluation
of typical attributes that define the size and complexity of scope such as: safety, duration, schedule flexibility and
integration, technology and process interfaces, level of effort, change impact, resources, perception and level of risk
and stakeholder management that might influence the project stage-gate process as well as the evaluation of the
cost estimate for classification.

Table 1 provides a summary of the characteristics of five estimate classes. For all applications of this RP to the nuclear
capital and plant modification projects, the maturity level of preparation and planning definition is the primary
characteristic of the estimate class, not the timeline or gate. However, it is the maturity of the defining deliverables
that is the determinant, not the percent. The specific deliverables, and their m ity or status are provided in Table
3. The other characteristics are secondary and are generally correlated wi turity level of typical nuclear
plant project scope and organization deliverables, discussed in the generi
and 2) are only indirectly covered where new funding is indicated. Again, t
vary depending on the circumstances.

Primary aracteristic
Characteristic
MATURITY LEVEL
OF PROJECT EXPECTED ACCURACY
DEFINITION RANGE
METHODOLOGY
ESTIMATE CLASS DELIVERABLES bical estimating method Typical variation in low and high
Expressed as % of ranges at an 80% confidence
complete project interval
definition
ity f
Class 5 0% oncept (;arZ?\ﬁcg’ZricarCT:Z;Zt L -20%to-50%
screening . P ’ H: +60% to +200%
judgment, or analogy
Class 4 1% Study or Equipment factored or |L: -15% to -30%
feasibility parametric models H: +40% to +100%
Budget Semi-detailed unit costs
L: -10% to-20%
o o o . .
Class 3 10% to 40% authorization or | with asse'mbly level line He  420% to +60%
control items
Control or Detailed unit cost with  |L: -5% to -15%
lass 2 9 759 . .
Class 30% to 75% bid/tender forced detailed take-off |H: +10% to +40%
Check estimate Detailed unit cost with  |L: -3%to-10%
Class 1 65% to 100 . .
ass % to % or bid/tender detailed take-off H: +6% to +30%

Table 1 — Cost Estimate Classification Matrix for the Nuclear Power Industries

This matrix and guideline outline an estimate classification system that is specific to the plant modification and new
build projects in the nuclear power industry. Refer to Recommended Practice 17R-97 [1] for a general matrix that is
non-industry specific, or to other cost estimate classification RPs for guidelines that will provide more detailed
information for application in other industries. These will provide additional information, particularly the Estimate
Input Checklist and Maturity Matrix that determines the class in those industries. See Professional Guidance
Document 01, Guide to Cost Estimate Classification. [8]
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