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SUMMARY

INTRODUCTION AND BACKGROUND

he NRC Office of Nuclear Reactor Regulation (NRR) has established a nractice
of performing regulatory analyses, including analyses of the cost as well as the venefits,
of generic safety issues and of new or revised genc ‘ic requirements. Generic safety
ISsues are evaluated to assist the NRC in establishing regulatory priorities as part of its
internal decision-making process. This handbook Las been developed to assist the NRC
n: (a) preparing the types of cost estimates required by the Regulatory Ansaiysis
Guidelines and internal NRC poliey, and (b) estimating cost for the assignment of
priorities in the resolution of generic safety issues. This handbook is intended as a
roadmap through the compiex process of itructuring such a cost estimate, identifying the
major cost contributors, and ident Lying sources of cost data for estimating the

magnitude of the major cost contributors. The specific goals of the handbook are:

¢ To provide a consistent methodology nd consistent set of
assumptions to assist the NRC user in preparing absolute as well as
comparative cost estimates of generic requirements for light

water-reactor nuclear power plants.

o identify all potentially significant cost elements associated with
generic requirements and characterize their significance.

stat
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step example estin
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APPROACH

T'he overall approach used in developing this handbook was to establish a series of
sequential steps needed to prepare a total | fetime cost estimate, to provide the NRC
analysts with guidance in carrying out each step 'he major steps involved in the cost

estimating process are:
Identify all potentially significant work packages
responses) required to nlement the requirement.

Identify all pots ‘ significant cost elements assoc ated w

each work package
Obtair im 4 » cost of each cost element.
organize ¢ g ndividual costs to o

plant costs and other
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A HANDBOOK FOR COST ESTIMATING

A Method for Developing Estimates of Costs for
Generic Actions for Nuclear Power Plants

ABSTRACT

This

document provides overall guidance to assist the NRC in
preparing the types of cost estimates required by the Regulatory
Analysis Guidelines and to assist in the assignment of priorities in
resolving generic safety issues. The Handbook presents an overall
cost model that allows the cost analyst to develop a chronological
series of activities needed to implement a specific regulatory
appiicable commercial LWR power plants
ind to identify the significant cost

requirement throughout all

elements for each activity

References to available cost data are provided Along with rules of

factors to assist in evaluat rg each cost element. A
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To keep the information and data in this handbook reasonably eurrent and to
reflect the lessons of user experience, it is intended that the handbook will be
periodically updated and revised

1.4 SCOPE OF THE HANDBOOK

This handbook has been prepared to address the task of estimating the total
lifetime cost of generic requirements for commercial light-water-reactor power plants.
For these purposes, and consistei:t with the Regulaiory Analysis Guidelines, the monetary
cost of generic requirements is defined as the net cost, expressed in terms of the present
value of total lifetime cost, incurred by the pulie, industry, and government in
implementing the requirement for all of the affected plants. This includes all costs that
are directly caused by the recuirement as well as any indirect costs that are clearly and
readily traceable to the requirement. This guide does not address societal costs such as
the effects on unemployment, industry viability, population exposure, and environmental
costs nor the various other secondary costs that may result from implementing the
proposed requirement. Although the guide focuses on industry arq government costs, the
user should be alerted to the pussibility of other significant cosis rot specifically dealt
with in this guide. The total cost is considered to be net of all transfer payments such as
tax credits, depreciation, and tax payments. Where possible, the handbook provides
guidance in dealing with some of the more subtie but important cost ei(ects such as labor
productivity in areas of significant radiation and other limiting environments, quality
assurance costs, and replacement power costs.

Plant costs considered in the handbook #-e those costs that are related to and/or
support the facilities, personnel and equipment located within the boundary of the plant
site. Off-site costs such as shipping and disposal costs that muy be affected by a
requirement and may be significant are not dealt with specifigallt in the Handbook. The

user should be aware in cases involving such costs that the'r magnitude shquld be
estimated.

It is appropriate to emphasize at the outset that it is not within the scope of this
handbook to provide actual cost data or to carry out any cost estimating or cost analysis.
The financial resources available for this project precluded these activities from this
effort The handbook does provide, where in-‘usion was pessible, rules of thumb and
other cost factors that may be of benefit to the user in preparing cost estimates.

1.5 ASSUMPTIONS ABOUT USERE

In order to limit the amount of technical information on the design, construction,
and operation of nuclear power plants included in the handbook, it has been assumed that
the user has as a minimum the professional capabil'ties generally associated with the
following academic credentials and experience:

e B.8. degree in one of the major engineering disciplines associated
with commercial nuclear plants, i.e., nuclear, electcionl,
mechanical, chemiecal, or structural.




Several years of experience in the design, engineering, construction,
or operation of commercial PWR or BWR power plants.

1.6 LOGIC OF MODEL DEVELOPMENT

One of the major tasks in preparing this handbook was the development of a
model that would describe the interaction and identify the significant areas of cost of
the major cost sectors that make up the commercial nuclear power community. The
following five cost sectors were chosen:

Regulatory Sector

Utility Sector

Engineering and Design Sector

Nuclear Supplier Sector, including the NSS sups
Constructor Sector

In addition, the public-sector costs, not addressed in detail in this handbook, may
De important in certain specific cases.

Outside of the regulatory sector, the role of the other sectors on any given
project may be quite different. One utility may earry out much of the engineering and
design, procurement, and construction activities as weil as the operations itself, while
another utility may utilize architect-engineers (A-E) and construction contractors to
perform all of the design and construction activities. A survey of several utilities was
conducted in order to find a common structure around which to build a model to ensure
that ali of the major cost functions, regardless of who carried them out, were

identified. The survey investigated each utility's response to a set of previously
implemented requirements. The ymmon reaction to these requirements was found in a
set of generic functional responses carried out by the nuclear industry implementing a
regulatory requirement,

For the purposes of evaluating costs, it is not important to identify who actually
performs a certain function, but to identify the funetion being performed. A reliable
cost model must include all of the significant activities carried out in response to a
generic requirement and the associated costs of these activities. The model presented i
Sec. 2 of this handbook is centered around this concept of generic functional responses
that are common throughout the industry.

Another major consideration in the development of a cost model for generic
requirements is the recognition of the increasing complexity associated with changes
nvolving new plants, piants under construction, and operating plarnts, Each of these

of plants contains some unique features that can greatly affect the cost of

a plant In a given status. Any successful cost model must capture the




significant differences actually encountered in implementing changes to plants of
different status.

1.7 ORGANIZATION OF GUIDE

The remainder of this handbook provides a description of a cost estimating
method suited for the stated purpose. It also provides guidance for the method's use,
annotated references of available cost data, and a step-by-step example cost estimate
demonstrating its application.

The process of carrying out a cost estimate for generie requirements involves
several sequential steps. It is around these sequent’al activities that this handbook is
organized. The first step is to define the chronology of activities that must be carried
out to implement the requirement fully. This chronology can be developed using the
general model presented in Chapter 2. Next the work packages associated with each of
the major ctivities must be defined, and the individual elements of cost for each work
package must be identified. Guidance in defining the work packages (response functions)
and their associated cost elements is provided in Chapter 3. Having identified the cost
elements, the magnitude of each cost element must be estimated. Cost data references,
cost factors, rules of thumb, and other cost information is provided in Chapters 3 and 4.
The large amounts of cost data needed to estimate the total cost of typical generic
requirements should be organized in some accounting fashion to insure that all significant
costs have been accounted for and to assist in aggregating them to arrive at total cost.
Chapter 4 of the handbook is intended to assist the user in this complex task. Finally,
the various types of cost, i.e., one-time and periodie, need to be evaluated in a consistent
manner to produce a total lifetime cost of the requirement so that consistent
comparisons can be made. Chapter 5 of the handbook provides guidance in cost analysis.

1.7.1 Methodology Overview (Chapter 2)

This chapter provides the user with an overview description of the methodology.
The chapter begins with a discussion of the utility survey conducted at the outset of the
project and the importance of the results of the survey in providing the basis for the
model.

Next, a summary of the overall cost model is presented with emphasis on the
major activities addressed in the model. Three plant status categories--new plants,
plants under construction, and operating plants--are introduced and the significance of
each is discussed in relation to cost factors.

Finally, the detailed graphical models for each of the plant categories are
presented and discussed in an overview fashion. This discussion highlignts the logical
flow of information throughout the model and describas in detail the various decision
nodes within the model. This section also provides guidance on how the detailed model
can be simplified ard collapsed to focus the estimating effort on the areas of greatest
cost, depending on the nature of the requirement. This all.ws less detailed, "quickie"
estimates to be performed when appropriate.



1.7.2 Functional Responses and Cost Elements (Chapter 3}

This chapter gets to the heart of the handbook with a detailed discussion of the
individual functional responses and their associated cost elements. Each of these terms
is defined and described. Two major categories of cost, one-time (capital) cost and
periodic costs, are introduced and defined.

The bulk of Chapter 3 consists of a de:iailed discussion of each of the 49
functional responses in the model. The significance of each response is discussed. The
cost elements associated with each functional response are provided and discussed.
Guidance is provided, where possible, as to when certain cost elements are likely to be of
major or lesser significance. Guidelines on dealing with such important costs as
backfitting, rework, and labor cost for work in a radiation or congested environment are
provided where possible. For each cost element or group of elements, references are
provided, where possible, on sources of cost data available to the user. Also, where
possible, rules of thumb and cost factors are provided to assist the user in assigning
realistic cost values to each element.

1.7.3 Capital Cost Accounting Methodology (Chapter 4)

Having identified and organized the major cost elements for a particular
requirement, this chapter instructs the user in how to organize and account for all of the
capital cost items. Capital costs are separated into direct and indirect costs.

Direct capital costs are organized using an existing nuclear plant cost data base
(the Energy Economic Data Base, or EEDB). The EEDB is described in detail and typical
nuclear plant accounts, with cost values, are presented tc show organization and to
illustrate to the user the relative magnitude of the costs in each of the various
accounts. Guidance is provided on choosing the appropriate level of aggregation of costs
to meet the particular need of the case in hand. Where possible, guidance is also
provided on how to select the appropriate level of detail for a particular estimate so as
to restrict the level of effort to that necessary for the particular case under study.

A methodology for dealing with the indirect capital costs is presented in the
form of cost models for engineering and design, nuclear supplier analysis, and
construction management activities. The methodology inciudes organization of cost data
and aggregating detailed cost data for each of the models.

Although the EEDB has been compiled to provide cost information for new plant
construction, much information is included in the data base on the cost of backfitting
plants under construction. Chapter 4 of this guide also addresses some of the special
problems when dealing with modifications to operating plants and provides cost factors
and rules of thumb for these cases where possible.



1.7.4 Cost Anaiysis Methodology (Chapter §)

This chapter instructs the user in the methods used to caiculate the total,
present value of capital (one-time) cost; the total, present value of periodic cost; and
finally the total, present value lifetime cost for the requirement being evaluated.

The total capital cost is simply the sum of the present value of capital costs of
each of the major cost sectors evaluated in the previous chapters. The total periodic
cost is evaluated on the basis of the total constant dollar annual costs summed over the
remaining life of the plant and discounted back to the present. This chapter concludes
with instructions on evaluating the total present value lifetime cost of the requirements.

1.7.5 Example Cost Estimates (Chapter 6)

Chapter 6 presents an example cost estimate that has been selected to
demonstrate as many of the facets of the overall handbook as possible. The format of
this chapter is a step-by-step walk through the estimating process for the example.
Explanation is provided as appropriate to help the user understand the overall use of the
methodology.

This chapter also summarizes recommendations and lessons learned from the
application of the model and methods in this handbook to an actual example cost
estimate.



2 PRESENTATION OF THE MODEL

This section presents the graphical medcl developed to identify costs resulting
from the impiementation of NRC multiplant requirements. The section is divided into
four parts. The first part (Sec. 2.1) summarizes the results of case studies that were
conducted to assess typical industry response to NRC requirements. The case studies
pointed to a consistent framework for disaggregating costs, which has been used in the
development of the graphical model, and which is presented in summary form in Sec.
2.2. The detailed model is presented and discussed in Sec. 2.3. Section 2.4 provides
guidance in simplifying the model for certain specific applications.

2.1 CASE STUDY RESULTS

Case studies were conducted to assess typical industry response to NRC
multiplant requirements. Two recent multiplant requirements were traced through the
implementation process at three utilities to uncover patterns of response. The case
studies were accomplished by conducting on-site interviews with project managers at
nuclear utilities. The nuclear units included in the survey are four operating BWRs, three
operating Westinghouse PWRs, two operating Combustion Engineering PWRs, and two
Westinghouse PWRs under construction.

The case studies were designed to identify a consistent framework for
disaggregating costs. Additionally, the case studies were used to determine the relative
magnitudes of the various costs, and which industry sectors typically incur the costs.
The contribution of the case studies in guiding the development of the framework of the
model is summarized below; the detailed results are presented in Appendix A.

Each of the three utilities surveyed is organized differently. One utility has a
project management department under the vice president for engineering, which
interfaces with an internal engineering group, an outside architect-engineer, an internal
production maintenance group (which in turn interfaces with an outside constructor), and
an internal plant operating group. A second utility is split into design/construction and
operations, each with nearly compiete autonomy. The third utility is partly project-
oriented (a nuclear station is considered a pruject) and partly centrally organized, with
engineering, construction, and operations under a single manager of nuclear generation.
Some design and construction is performed in-house and some under contract. Purchasing
departments are independent of engineering and operations in two of the three utilities.
Although it would be possible to identify costs by organizational element at any one
utility, it is not possible to generalize on the basis of organization because of the
variability between utilities.

Accounting systems also vary substantially from utility to utility. Moreover, the
use of accounting elements as the building blocks for this model is impractical because it
is difficult to correlate specific accounting elements with regulatory requirements.

Therefore, the case studies dissuaded us from attempting to construet a model
using organizational or accounting elements as building blocks. However, a common
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thread was apparent in tracing the implementation of NRC requirements through the
diverse organizations of several utilities. This was the "functional response" to each
aspect of the requirement. A functional response is defined as an action or "work
package" adopted in response to a regulatory requiremeni. For example, if a
requirement involves new or modified hardware, each utility responds with a design
function, whether the function is actually carried out by an internal design department at
headquarters or at the plant, or by an outside contractor (architect-engineer). Similarly,
if the requirement involves an interaction with the NRC, a licensing function, whether
resident within a design group or an operations group, is involved. Similar considerations
apply to procurement, equipment installation, training, and other functions.

Similar or identical functional responses were obtained at each utility
corresponding to a specific regulatory requirement, even though the organizational
structures differed. Moreover, the costs associated with a few of the major functional
responses (i.e., detailed design, procurement, and installation) were tracked to some
extent by each of the utilities. It is possible to disaggregate the functional responses
into their component cost elements (i.e., specific categories of labor, materials,
reproduction, ete.) However, quantitative cost data that can be related to specific
regulatory requirements are seldom available at this level.

2.2 OVERVIEW OF THE MODEL

The functional responses to regulatory requirements comprise the framework or
building blocks of the graphical cost model. The first step in the development of the
model was to compose a list of functional responses*, which is given in Tabie 2.1. The
identifiers in parenthesis following each functional response refer to the sector that
incurs the cost.** The identifiers are defined as follows:

U = Utility
A-E = Architect-Engineer
C = Constructor
V = Nuclear steam supply system vendor, other equipment
vendor, or contractor to the utility or the NRC
N = NRC
G = Federal (other than the NRC), state, or local government

*This initial list is most assuredly incomplete; comprehensiveness can only be
approached through review and update.

**In the final analysis, all costs are ultimately borne by the utility and reimbursed by the
ratepayers (NRC costs through license fees).
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TABLE 2.1 List of Functional Responses

l.
2.
3.
6.

5.
6.
1.

9.
10.
11.
12.
13,
14,

15.
16.

17.
18.

19.

20.
21.
22,
23,
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36,
31,
38.
39.
40,
41.

42.

Develop & new regulation (N)

Develop/change regulatory guide (N)

Change/write section of Standard Review Plan (N)

Notify project managers, notify licensees, prepare Technical
Assignment Control (N)

Analyze the requirement (U)

Meet with licensee and/or owners' group (N)

Meet with NRC (A~E and/or V and/or U)

Request OMB clearance (N)

Contractor assists NRC in reviewing responses (V and N)

Solicit and review responses from licensees {(N)

Prepare responses for NRC (A-E and/or V and/or U)

Solicit and review answers to questions (N)

Answer questions from NRC (A-E and/or V and/or U)

Perform conceptual design, including unresolved safety question
determination, resource estimate, and preliminary schedule (A-E
and/or U)

Evaluate budget requirements (A-E and/or U)

Perform detailed design and/or design review, including spec-
ifications for outside procurement (A-E and/or U)

Perform safety/risk/reliability analysis (A-E and/or V and/or U)
Procure materials and equipment, including preparation of the bid
package, evaluation of oroposals, and preparation of purchase order
(U and/or A-E and V)

Plan installation, including detailed procedures, labor
requirements, and schedule (C and/or U)

Modify structures (V and/or C and/or U)

Install, test and maintain hardware (V and/or C and/or U)
Inspect hardware (V and/or C and/or U)

Develop software (A-E and/or V and/or U)

Add to or change record keeping (U)

Add to or change reporting (U)

Increase nonoperating staff (U)

Federal, state, local government participation (G)

Impact on international trade (A-E and/or V and/or C)
Write/rewrite procedures (V and/or U)

Conduct test of system/subsystem (V and/or C and/or U)
Write/rewrite training manuals (V and/or U)

Train/retrain staff (V and/or U)

Write/rewrite Technical Specifications (U)

Review Technical Specifications (N)

Contractor assiscs NRC in reviewing design (V and N)

Review of design (N)

Contractor prepares Technical Evaluation Report (V and N)
Prepare Safety Evaluation Report (N)

Replacement energy penalty (U)

Modify structures in a radiation environment (V and/or C and/or U)?
Install, test and maintain hardware in a radiation environment
(Vv and/or C and/or U)3

Draft license amendment (U)
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TABLE 2.1 (Cont'd)

43, Review license amendment (N)

44. Contractor assists NRC in inspecting hardware (V and N)
45. Inspect hardware (N)

46. Conduct monitoring/sampling (V and/or U)

47. Change number of operating staff. (U)

48. Change number of maintenance staff (V and/or U)

49. Change in accident cost (U).

®There are additional costs for performing these activities in an
operating plant.

In many cases, one or another of the cost sectors, or more thar cne, may be involved.
Also, note that the identifier, V, refers to any contractor, other than the architect-
engineer or constructor, hired by the utility (or the NRC). This could include, for
example, a maintenance contractor hired by the utility to supply craft labor for the
installation of equipment.

The structure of the model is based on a chronological presentation of activities,
beginning with the establishment of a new requirement and proceeding through the
appropriate activities necessary to implement the requirement throughout the industry.
The proper flow path through the model for a specific requirement is determined by a
series of decision nodes where the analyst is queried about the nature of the requirement
and the status of the plant(s) affected. Based on the answers to these questions, the user
is directed through the proper logic of the model.

For example, the analyst is queried whether the requirement involves the
installation or modification of hardware or structures. If the answer to this question is
"yes," the branch of the graphical model leads the analyst to a number of functioral
responses associated with the installation/modification of hardware/structures. These
include the performance of design, procurement of equipment, and installation of hard-
ware, among other functional responses. If the answer to this question is "no," none of
these functional responses pertain and the analyst is directed to the next decision node.

This process is repeated until all appropriate activities for implementing the
requirement for a plant or group of plants have been addressed. For each funetional
response identified, an appropriate set of cost elements needed to carry out the response
and sources of cost information, where available, are identified. (See Sec. 3).

To emphasize the importance of plant status in the evaluation of regulatory
costs, the model is presented in three parts. The first part is intended to represent a
planned unit or one under construction that has major structures in place, but few or
none of the major systems installed. Thus little or no backfit would be entailed in the
event of a hardware modification, unless the structures aiready in place are affected or
long leaa-time equipment is involved. Modifications to structures for plants, even at this
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early stage of construction, could incur significant cost and should be evaluated on a
case-by-case basis. Also, this plant typicaliy would not have procedures written, nor
personnel trained, nor Technical Specifications written. Typically, such a plant is less
than 70% complete.

The second part represents a plant well aleng in construction, having many or
most of the major systems in place. A hardware modification in such a plant would
entail substantial backfit. Also, the procedures are assumed to have been written, the
training conducted, and Technical Specifications drafted. Typically this plant can be
anywhere from about 70% complete to the point of loading fuel.

Finally, an operating plant is depicted in the third part. This part of the model
encompasses all of the complexities of the plant in the final stages of construction. In
addition, however, hardware modifications may entail backfit in a radiation
environment. Modifications to operating plants also often require the purchase of
replacement power as a result of plant downtime, reduction in plant electrical output, or
reduction in plant availability or capacity factor. Similar plant unavailability costs can
result from modifications made during construetion, if they cause startup delay.

Figure 2.1 illustrates how the three parts of the model fit together. For ease of
presentation, the part of the model that depicts the new plant or the plant in early stages
of construetion also contains funetional responses appropriate to all plants. The part of
the model that depicts plants well under construetion emphasizes modifications to
existing hardware, and also contains activities that are not performed until the latter
stages of construction, such as writing procedures and training operating personnel.
Finally, the part of the model that depicts operating plants emphasizes hardware
modifications carried out in a radiation environment, and also contains activities specific
to operating plants, such as the possible purchase of replacement energy. To avoid
duplication, the part of the model for plants well under construction is added to the
portion of the part of the model for new plants, and the part of the model for operating
plants is added to the portion of the part of the model for plants well under construction.
In other words, for an operating plant, all three parts of the model must be considered.

The model is subdivided into three parts in order to sensitize the user to the
potentially significant impact on costs of making modifications in an operating plant or
one under construction, in which many or most of the major systems are already
installed. It is not only more costly to design a new piece of hardware around existing
systems, but it may be necessary to modify existing systems or structures to
accommodate the new equiprent. Compounding the complexity and cost of a backfit,
the presence of a radiation environment, as in the case of an operating plant, may
increase the costs by an order of magnitude or more.

2.3 DETAILED MODEL

The detailed models are presented in Figures 2.2, 2.3, and 2.4 for the new unit or
one under construction with few or no major systems installed, the piant under
construction with many or most of the major systems installed, and the operating plant,
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Figure 2.2 GRAPHICAL MODEL FOR A NEW PLANT UNDER CONSTRUCTION WITH
NONE OR FEW OF THE MAJOR SYSTEMS INSTALLED
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Figure 2.3 GRAPHICAL MODEL FOR PLANT UNDER CONSTRUCTION WITH MANY OR MOST
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Figure 2.4 GRAPHICAL MODEL FOR OPERATING PLANT
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respectively. In each diagram, the decision nodes, or yes-no questions, are denoted by
diamonds and identified sequentially by capital letters. The functional respons2s are
denoted by rectangles and identified by the number shown with each response in Table
2.1. The cost sectors defined for Table " 1, "U" through "6," are identified in the upper
right-hand corner of each functional response rectangle. The symbol "a/o" refers to
"and/or," suggesting that one or another or more than one cost sector may be involved in
e specific response.

The branches in the diagrams are connected by circles containing lower-case
letters. Lower-case letters are also used to indicate feedback loops in the models. For
example, an unsatisfactory response by the licensee to questions from the NRC may
elicit more questions or it may call for another meeting with the licensee (connection e).

Insofar as possible, the functional responses are ordered chronologically. For
example, the potential development of a new regulation by the NRC (functional response
1) is shown to be going on simultaneously with the analysis of a new requirement by the
licensee (functional response 5). This is a simplification, in that the development of
regulations may not be undertaken until considerable dialogue has taken place between
the NRC and the licensees. Similarly, some of the functional responses shown in series,
such as the design (functional response 16) and safety analysis (functional response 17),
may be going on in parallel.

The assumed initial point in time for the analysis is the beginning of the
implementation of a new requirement. At this point, the requirement is assumed to be
fairly well defined, (he approval has been obtained from the Committee to Review
Generic Requirements (CRGR), and an implementation plan has been adopted. This
omits a number of steps (and costs) prior to the actual implementation of a new
requirement, such as research, office approvals, preparation of the regulatory package,
and presentations to the CRGR and other review bodies.* This approach assumes that
the costs associated with these early steps are incurred in the course of normal NRC
business, and are not, therefore, marginal costs attributable to the new requirement. If,
however, some of these costs can be directly attributed to a new requirement, the
analyst should be aware that such costs could be significant. Also such costs must be
included in estimating the costs of resolving an issue, in connection with prioritization of
generic-issue resolution efforts.

As discussed in the previous section, the model is presented in three parts to
emphasize the importance of plant status in the evaluation of regulatory costs.
Comparison with the top branch in Figure 2.3 (f through n) with the corresponding branch
of Figure 2.2 (f through i) detuonstrates that the separation is more a matter of emphasis
than one of substance. Al'nough the contents of the branches arc nearly identical, they
are displayed separately to alert the user to the potentially higher costs encountered in
backfit situations. Similarly the two branches after the decisic node U, although
identical in structure, are included to -~~pjhasize the additional costs of modifying
systems and/or structures when thess ,ystems or structures are in place.

*In fact, a considerable effort could be expended on the development of a new regulation
(functional response #1) prior to CRGR approval. The extent is left open to the user.
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As discussed in the previous section, all three parts of the model must be
considered in the analysis of an operating plant. Although not as obvious, the inverse is
also true. That is, when evaluating a requirement on a new piant, concideration must be
given to the eventual impact of the requirement on the same plant when it is further
along in construction and when it is ultimately gencrating electricity. For example. a
requirement on & plant in the early stages of construction (Figure 2.2) might affect the
training of operating staff (decision nodes X and Y in Figure 2.3). It might also
ultimately affect the availability of the plant (decision node OO in Figure 2.4), the
allowable reactor rating or the net electrical generating capacity (decision node PP in
Figure 2.4), resulting in replacement energy costs (functional response 39). Therefore,
all parts of the model must be consulted in a comprehensive analysis.

2.4 SIMPLIFICATION OF THE MODEL

The detailed model presented in Figures 2.2, 2.3, and 2.4 incorporates functional
responses that span the full range, in magnitude and complexity, of responses to generic
NRC requirements. In particular, many of the NRC functional responses constitute
relatively small tasks in comparison with the utility outiays required for a hardware
modification. However, these smaller tasks are retained in the detailed model in order
to provide the capability tc analyze a complete range of possible administrative
requirements. Some of these administrative requirements might result in relatively
small costs that cannot be neglected because the benefit of the requirement, namely the
risk reduction, might also be small. In prioritizing issues, it is the ratio of the risk
reduction to the costs that is evaluated.

2.4.1 Collapse of the Model for a Hardware Modification

In the event that a requirement entails a hardware modification, a number of the
administrative functional responses identified in the detailed model can be consolidated
without jeopardizing the accuracy of the enalysis.* A collapsed model is presented for a
hardware modification, again in three parts, in Figures 2.5, 2.6, and 2.7. In these
diagrams, the identity and numbering of the original detailed functional responses shown
in Table 2.1 are retained.

The most significant change in the mode! is the consolidation of eight early NRC
functional responses into the following two (the parenthetical numbers are keyed to
Table 2.1):

e Staff administrative actions, including meetings, questions, and
review (4,6,8,10,12),

e Develop regulation, regulatory guide, and/or Standard Review Plan
modification (1-3),

*Some caution should be exercised by the analyst in accepting this approximation, as it
may not be appropriate for all hardware requirements.
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Figure 2.6 COLLAPSED MODEL FOR A HARDWARE MODIFICATION IN APLANT UNDER CONSTRUCTIONWITH
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Figure 2.7 COLLAPSED MODEL FOR A HARDWARE MODIFICATION IN AN OPERATING PLANT
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and the consolidation of five early industry functional responses into the following one:
e Analysis, meetings, and responses to questions (5,7,9,11,13).

Later administrative tasks are also consolidated, such as the following utility functional
response:

e Write/rewrite procedures, training manuals, or Technical Speci-
fications (29-31),

and the following NRC functional response:

® Review of design and preparation of SER (35-38).

Design and safety analysis funetions are also consolidated, as in the following:

e Perform conceptual and detailed design and safety analysis (14-17),
and installation, inspection, and testing functions are also consolidated:

e Install, inspect, test, and maintain (21,22,30).

The following functional responses, considered to be either irrelevant or
negligible for a hardware modification requirement, were eliminated from this simplified
model:

Federal, state, local government participation (27)
Impact on international trade (8)
Write/rewrite Technical Specifications (33)
Review Technical Specifications (34)
Draft license amendment (42)
Review license amendment (43)
Contractor assists NRC in inspecting hardware (44)
Inspect hardware (45)
For most hardware modifications, other functional responses could also be

eliminated. For example, additions of staff (26,47,48), additional training (32), and
additional monitoring (46) do not resuit from most hardware modifications. However,

these functional responses are retained for purposes of generality, and because of the

continuing nature of the costs associated with these functional responses, they could be
significant for certain hardware modifications.
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2.4.2 Collapse of the Model for a Shutdown without Hardware Modifications

In the event of a plant shutdown without a hardware modification, such as an
inspection or test, the part of the model that deals with an operating plant can be
considerably simplified, as illustrated in Figure 2.8. The functional responses relating to
design, procurement, and installation of hardware have been eliminated. Additionally,
potential changes in staff, plant availability, and accident costs are not relevant. Only
the outage planning, potential purchase of replacement power, hardware inspection, and
system testing activities are retained.

2.5 APPLYING THE MODEL

The cost estimating model presented in this chapter provides a general road map
through the process of identifying significant costs for the full range of potential generic
requirements and for all possible categories of plants. In practice, the user will be
evaluating the cost of a specific requirement affecting a specific number of plants.
Section 2.4 provided guidance on simplifying the model to emphasize the likely areas of
dominant cost for a particular requirement. This section will assist the user in applying
the model so as to minimize the number and scope of the individual activities to be
estimated in order to evaluate the overall national cost of implementing the
requirement.

The first task in this process is to identify, from the simplified model, which
functional responses need be performed only once regardless of the number of plants
affected. These activities, which typically involve the regulatory responses, can be
estimated independent of any plant specific considerations. The cost of these generic
activities can be spread over all of the affected plants.

The remaining functional responses will be carried out on a plant-by-plant basis.
Therefore, it is necessary to determine what specific plants are affected by the
requirement and how the requirement will be implemented for each plant. To assist the
user in this task, Appendix B of this handbook presents a current list of all U.S.
commercial nuclear power plants with information on piant status, ownership, type of
reactor, ete. for each. Having identified the individual plants to which the requirement
applies, the user should attempt to group these plants according to plant type: PWR or
BWR; plant status: operating or under construction; or any othe: grouping that would
represent a common method of implementing the requirement. In some cases all
affected plants will require a similar type of response and the estimate can be carried
out on one representative plant and that cost multiplied by the total number of plants
affected. Other cases could involve more than one category of plants, i.e., PWRs and
BWRs, with different types of modifications for each. In this case 2 reference plant
could be selected for each category with an associated cost estimate. Plant status could
also be important in categorizing how plants respond to a raquirement. Operating plants
may have no choice but to build new facilities, whereas new plants or plants still under
construction could incorporate required changes into existing structures. In some cases,
it may be necessary to do a plant-by-plant estimate for each of the affected plants.
Such a task would be very time-consuming and costly. Therefore the user is encouraged



Figure 2.8 COLLAPSED MODEL FOR A SHUTDOWN WITH NO HARDWARE MODIFICATIONS
IN AN OPERATING PLANT

1i¢
L 14
H

!

62




30

to take sufficient time initially to identify the smallest number of plant groups to be
evaluated so as to minimize the number of estimates to be prepared.

Once the affected plants have been identified and grouped according to common
types of response to the requirement, specific changes required for each group need to be
identified and developed. These changes may involve structural and hardware
modifications, procedural changes, changes in personnel or training, ete. The model
presented in this chapter will assist the user in identifying what changes are required, but
the user must also develop the specifications for these changes for each group of plants
so that their costs can be reasonably estimated. Input from the utilities, A-Es, and/or
nuclear suppliers could be valuable in developing these specifications. The more detailed
the specifications, the more accurate the cost estimate that can be prepared. Also, the
user must be alert to the possibility that a functional response not considered in develop-
ing the existing model may be necessary in evaluating the costs associated with a
specific requirement. Only through review and update can the model approach
comprehensiveness.

Based on the specifications, which spell out the specific changes required, the
cost estimate for implementing these changes for each group of plants can be prepared.
Chapters 3, 4, and 6 of this guide will assist the user in preparing these estimates.

Finally, the results of the cost estimating process have to be allocated to all
affected plants and the individual plant costs aggregated to arrive at the total national
lifetime cost of implementing the requirement. Chapters 5 and 6 of this guide will assist
the user in this final task.
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3 FUNCTIONAL RESPONSES AND COST ELEMENTS

Chapter 2 of this guide presented a graphical model that was developed to assist
the NRC analyst in identifying the significant costs associated with the implementation
of generic regulatory requirements. The building blocks of this mode! are functional
responses, which are defined as actions or "work packages" performed in response to
regulatory requirements. This chapter desecribes these functional responses in some
detail, identifies cost elements associated with each functional response given in the
detailed model, and further provides guidance and sources of information potentially
useful in evaluating costs. The final section of this chapter discusses the use of
simplifying approximations in evaluating costs using the model.

3.1 FUNCTIONAL RESPONSES

The model presented in Chapter 2 is intended to permit the analyst to identify
the significant activities that must be carried out in response to the promulgation of an
NRC requirement. These activities -- functional responses -- form the basis for
evaluating the costs associated with the requirement. A functional response is defined as
a well-defined activity in a series of such sctivities that ultimately results in the
implementation of a requirement for a specific plant or group of plants. As an example,
a requirement that calls for the installation of a new type of containment radiation
monitor at a plant will involve a functional response that deals with the engineering and
design of the monitor and associated hardware.

In theory, the cost of each functional response can be evaluated directly, with no
further analysis, if the data are available. However, this is rarely the case, and it is
usually more convenient to break down the functional response into its constituent cost
elements and evaluate the costs of these entities. Cost elements are discussed in the
next section.

3.2 COST ELEMENTS

Each functional response can be broken into one or more specific areas of cost
that would be incurred in performing the activity. These cost elements address the
specific categories of equipment, materials, labor and professional effort to which
estimated dollar values are conventionally assigned. The cost elements are the building
blocks with which the total lifetime cost estimate can be constructed. Continuing with
the example in Section 3.1, the functional response cailing for the engineering and design
of a containment monitor could involve any or all of the fellowing cost elements:

Project Management Labor QA or QC Labor
Engineering Labor Computer Charges
Clerical Labor Programming Labor
Drafting Labor
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Tables 3.1 and 3.2 provide lists of potentially significant cost elements. Ffor convenience
in associating cost slements with specific functional responses, NRC cost :lements are
listed separately. in the discussion of functional responses given in Sec. 3.4, the cost
elements associated with each functional response are identified according to the'r
roman numerals in Table 3.1 and the lower-case letters used in Table 3.2.

3.3 ONE-TIME VS. PERIODIC COSTS

Compiling the cost information for a particular functional response requires
knowledge not only of the estimated costs involved, but also of the time behavior of the
costs. This is important because in developing a total lifetime cost estimate, one-time
and periodic costs are evaluated differently. One-time (capital-cost) ‘tems are dgfined
as those costs which are incurred only once in implementing a requrement. Pericdic
(operating) costs are those costs which continue to be incurred on a periodic basis over
the life of the plant.

All one-time costs are estimated on a current dollar basis and reflect the cost of
the equipment, material, labor, and etfort as if all costs were incurred in the c:crent
year. If the overall cost estimate is to be expressed in a year other than the current
year, these costs must be inflated or deflated to the yee~ of interest. The method by
which this is done is deseribed in Chapter 5.

Periodic costs are npot necessarily all annual costs. These costs can be incurred
either on a continuing basis or for periods ranging from semiannually to every 5 or 10
years. For example, a require ment that calls for an increase in the plant operating staff
would result in an increase in the plant annual operating costs, whereas a requirement for
performing an in-service inspection every 1U years would lead to costs being incurred
only on thut 10-year cyele. In srder to account for the periodic costs in a lifetime cost

TARLE 3.1 List of NRC Cost Elements®

i. Office of Nuclear Reactor Regulation Labor
ii. Office of Research Labour
iii. Office of Inspection & Enforcement Labor
iv. Regional Office Labor
v. Office of the Executive Legal Directer Labor
vi. Technical Support Contract

4rr is assumed that travel, computer, communica-
tions, clerical support, and support from other
offices, such as Administration, Resource
Manageaeut, etc., are applied as overhead burdens
Lo the direct labor cost eiements listed in this
table.
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TABLE 3.2 List of Non-NRC Cost Elements

a. Project Management Lab.r
b. Engineering Labor

¢c. Clerical Labor

d. Drafting Labor

e. Programming Labor

f. Administrative Labor

g. Accounting Labor

h. Quality Assurance/Quality Control Labor
i. Executive Labor

j+ Craft Supervisory Labor
k. Craft Labor

l. Radiation Protection Labor
m. Security Labor

n. Eeplacement Power

0. Technician Labor

p. State Official Labor

q. Local Official Labor

r. Federal Official Labor
s. Computer

t. Equipment

u. Materials

ve Simulator

w. Reproduction

x. Storage

y. State Contract/Crant

estimate, these cos s need to be expressed in Lerms of an equivalent, one-time cost in
the year of the estimate (constant dollars). The method by which this can be done is also
described in Chapter 5.

In the description of the functional responses given in the following section, a
distinetion is made between those cost elements which are typically one-time costs and
those which are periodic costs.

3.4 DESCRIPTIONS OF THE FUNCTIONAL RESPONSES

This section of tre handbook describes each of the 49 functional responses
identified in Table 2.1 for the model presented in Figs. 2.2-2.4. The cost elements
associated with each functional response are identified, and guidance is provided for
estimating the value of the cost element and the nature (one-time or periodie) of the
cost. The last digit of each < the following subsection numbers corresponds to the
numerical designation of each functional response number given in Table 2.1 and the
graphical model, and the user is referred to Figs. 2.2-2.4 for an understanding of the
linkages between individual functional responses.
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3.4.1 Develop a New Regulation (N)

Some requirements involve the development of a new regulation, others do not,
and in many cases the need for a new regulation is ambiguous at the time that the cost
assess aent for the requirement is performed. In any case, the analyst should meke an
assumption regarding the need to develop a new regulation, because the cc , to the NRC
may be substantial.

The work involved in the development of the regulation may be quite protracted,
possibly extending over a period as long as several years, and involving at least two
offices of the NRC. Labor cost elements will involve staff in both offices; thus the cost
elements are:

i. Office of Nuclear Reactor Regulation Labor
ii. Office of Research Labor

Labor expenditures for the development of some regulations are tracked in the
Regulatory Activities Manpower System (RSAMS). This system is maintained by the
Program & Administrative Services Branch, Administration & Resource Control Staff,
Office of Nuclear Regulatory Research. The RSAMS System is described in a
memorandum to RES personnel from R.M. Scroggins, Director, ARCS, RES, entitled,
"Immediate Implementation of Changes in the Manpower System for the Office of
Nuclear Regulatory Research," September 17, 1981. The RSAMS System is RES's
management information system, formed by a merger of the original Research and
Standards systems. The system is similar to the RAMS system maintained by NRR (see
functional response #4). Manpower expenditures are tracked according to task numbers
from the "Green Book" (NUREG-0566, Standards Development Status Summary Report).
Task numbers in the "Green Book" cover regulatory guides, regulations, and standard
review plans under development by the Office oi Nuclear Regulatory Research.

Although the RSAMS system contains raw data on resource expenditures for the
development of some regulations, only limited analyses have been conducted on these
data to determine, for example, typical resource expenditures for these efforts.

Salary leveis for NRC emple-#<y 1ire available in "Budget Estimates Fiscal

Year ," published annually in . y vor the following fiscal year by the Budget
Operations & System Developm - ' ? -« A, Division of Budget and Analysis, Office of
Resource Management. This . ntains salary levels and benefits for each NRC
office and for the NRC as a w+ ..e. .. . are also available for administrative support,

which may be treated as an overhead item for direct labor from the relevant offices
(NRR, I&E, and RES). Input data are supplied by the appropriate organs within the NRC
offices, i.e., the Planning Resource and Analysis Branch within NRR. From these input
sources, branch-specifc data may be obtained.
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3.4.2 Develop/Change Regulatory Guides (N)

Many requirements entail the development of one or more Regulatory Guides.
The development of a Regulatory Guide is the responsibility of the NRC Office of
Research (RES). The work involved may be quite protracted, sand the resource
expenditures substantial. Input may be required from the NRC Office of Nuclear
Reactor Regulation as well as the Office of Research. Thus the cost elements are:

i. Office or Nuclear Reactor Regulation Labor
ii. Office of Research Labor

RES expenditures for the development of some Regulatory Guides are tracked in the
RSAMS System. The RSAMS System is described in the discussion of functional response
#1. Only limited analyses have been conducted on the data contained in this system to
determine, for example, typical resource expenditures in the development of a
Regulatory Guide. The evaluation of NRR costs is addressed under functional response
#4.

3.4.3 Change/Write Section of Standard Review Plan (N)

Many requirements entail rewriting sections of the Standard Review Plan
(NUREG-0800), or even adding new sections to that document. The Standard Review
Plan is an NRC document that describes what the reviewers look for in their evaluation
of a Safety Analysis Report. Input may be required from both the NRC Office of
Research and the Office of Nuclear Reactor Regulation. Thus the cost elements are:

i. Office of Nuclear Reactor Regulation Labor

ii. Office of Research Labor

RES labor expenditures for the preparation of the Standard Review Plan are tracked in
the RSAMS System, which is described above ir the discussion of funetional response #1.
NRR labor expenditures in connection with the preparation of the Standard Review Plan
are tracked in NRR's RAMS System, which is described below in the discussion of
funetional response #4. Only limited analyses have been conducted on the data contained
‘n either system to determine, for example, typical resource expenditures for the
revisions to the Standard Review Plan. The evaluation of NRR costs is addressed under
functional response #4.

3.4.4 Notify Project Managers, Notify Licensees, Prepare TACs (N)

After the assignment by the NRC of a lead project manager and a lead engineer
to the generic requirement, the lead project manager notifies the relevant plant project
managers about the nature of the requirement. Then the licensees are notified. The lead
project manager also prepares the paperwork required to track the multiplant
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requirement in the NRR management information system, known as the RAMS System.
This paperwork results in the assignment of a TACs (Technical Assignment Controls)
number. The magnitude of the costs associated with this NRC administrative functional
response is usually negligible in comparison with industry costs. The relevant cost!
element is:

i. Office of Nuclear Reactor Regulation Labor

The NRR RAMS System is a management information system that tracks the man-hours
spent by NRR personnel in accomplishing various tasks. The system is described in NRR
Office Letter No. 27, Rev. 4, "User's Guide to the NRR RAMS System, NRR Planning and
Program Analysis Staff, May 12, 1982. Tasks are defined by entering work assignments
into the system on TAC Forms (NRC Form 197). TAC Forms contain the titles and brief
descriptions of new work assignments, activity codes, relevant facilities and docket
numbers, and names of personnel authorized to work on the assignment. NRC staff
reference the relevant TAC numbers when they fill out so-called Reviewer Report Forms
every week. These forms contain spaces for the number of hours worked and permit the
addition or deletion of new case assignments.

The Program and Program Analysis Staff performs periodic assessments of the
data contained in the RAMS System. Typical levels of effort for various NRR activities,
including multiplant requirements, are evaluated and converted to dollars (using the time
and attendance system). Most of this analysis has been performed in support of budget
preparation. Although the data have not been analyzed to the level of this functional
response, there is a general administrative category that includes these costs.

3.4.5 Analyze the Requirement (U)

Assuming that there is time (this step is frequently bypassed in the interest of
expediency), the first action by the utility after receipt of the requirement is to analyze
its impact. This may be performed within a licensing group or a project management
organization, depending on the organization of the utility. This relatively small effort
may involve the following cost elements:

Project Management Labor

Engineering Labor

Executive Labor

Project Management is intended here and in all subsequent functiona! response to include
all professional management and supervisory personnel directly working on the response,
not only the overall project manager. Executive labor is normally included in overhead
as an indirect cost. However, during the analysis and initial response to NRC regulatory
requirements, a disproportionate amount of executive time may be required. Accord-
ingly, it is shown here as a direct cost.
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Project management and executive salaries and benefits can be obtained, by
subseription, from the annual Edison Electrie Institution (EEI) survey, "Annual Wage and
Salary Surveys." This survey tabulates executive compensation and benefits for the top
ten executive positions, and management, administrative, and profassional salaries for 75
jobs. Fringe and overhead rates and the compensation of engineers are also addressed
under functional response #26.

Additionally, a recent Electrical World article, "Utility Executive Salaries: How
High? How Low?" (Electrical World, pp. 31-35, January 1983), provides estimates of
compensation for utility Chief Executive Officers, Chief Operating Officers, and Chief
Financial Officers as functions of revenues, kWhr sales, and numbers of employees.

Compensation for utility project managers is also addressed under functional
response #7.

3.4.6 Meet with Licensee and/or Owners' Group (N)

For some requirements, a m=eting with the licensee is necessary to clarify the
requirement or tc discuss the utility response. For a requirement specific to a particular
type of reactor, the utilities may choose to be represented by an owners' group. The
magnitude of the costs associated with this NRC administrative functional response is
usually negligible in comparison with industry costs. The relevant cost element is:

i.  Office of Nuclear Reactor Regulation Labor

The evaluation of NRR costs is addressed under functional response #4. Although the
data in the RAMS system have not been analyzed to the level of this functional response,
there is a general administrative category that includes these costs.

3.4.7 Meet with NRC (A-E and/or V and/or U)

For some requirements, a meeting with the NRC is necessary to clarify the
requirement or to discuss the utility response. The utility may elect to include in these
discussions representatives from its architect-engineer or NSSS vendor. Or, for a
requirement specific to a particular type of reactor, the utilities themselves may be
represented by ar. owners' group. Cost elements for this functional response are:

a. Project Management Labor

b. Engineering Labor
Compensation and fringe benefits for project managers and engineers may be obtained
from the Edison Electric Institute survey, discussed under functional response #5. Fringe

and overhead rates and the compensation of engineers are additionally addressed under
functional response #26.



38

Recent articles in the periodical, Electrical World, also quantify engineers'
compensation. One of these, which also includes technicians' salaries, is "The Engineer's
Pay: Fatter Than Ever?", Electrical World, pp. 45-48, March 1982. This article gives
ranges of utility engineers' salaries as a function of number of years since bachelor's
degree, for both supervisors and nonsupervisors, for the year 1981.

A more recent article is "Survey Shows Engineering Salaries Rise 6%," Electrical
World, pp. 29-32, July 1983. This report gives average engineering salaries by level of
responsibility, branch of engineering, job function, and supervisory/managerial
responsibility.

3.4.8 Request Office of Management and Budget Clearance (N)

Any time a government agency formally surveys more than 10 private-sector
organizations, a clearance is required from the Office of Management and the Budget.
The procedures for obtaining an OMB clearance are described in NRR Office Letter No.
32, Revision 2, "Procedures for Obtaining OMB Clearance," memorandum for all NRR
Personnel from Jesse L. Funches, Acting Director, Planning and Program Analysis
Branch, August 4, 1982. This memorandum describes the steps necessary to process an
OMB Clearance Package, including the completion of Standard Form SF-83.

The NRC cost element for this relatively small administrative functional
response is:

i. Office of Nuclear Reactor Regulation

The evaluation of NRR costs is addressed under functional response #4. There are aiso
costs to the Office of Management and Budget in reviewing the request, which are not
explicitly identified here.

3.4.9 Contractor Assists NRC in Reviewing Responses (V and N)

The NRC frequently uses contractors to assist the staff in reviewing
documentation. It is assumed that the lead engineer monitors the contractor. Therefore,
the cost elements are:

i. Office of Nuclear Reactor Regulation Labor
vi. Technical Support Contract

The evaluation of NRR costs is addressed under functional response #4. The
costs incurred in the procurement of contractual support, which may be substantial, are
assumed to be reflected by the overhead burden on NRR labor. The NRR RAMS system
contains a cost category for contractual support, but these data have not been analyzed
to provide typical expenditures for this item.
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3.4.10 Solicit and Review Responses from Licensees (N)

The NRC may solicit formal responses from affected licensees on proposed
methods for compliance. A package describing the information desired must be pre-
pared, and the responses must be reviewed (frequently with help from contractors -- see
functional response #9). The information solicited may consist of preliminary or . -al
hardware designs, procedures, or plans. The foilowing NRC cost element is involvec

i.  Office of Nuclear Reactor Regulation Labor

The evaluation of NRR costs is addressed under functional response #4. The data
contained in the RAMS system have not been analyzed to the level of this functional
response; however, there is a general administrative category that includes these costs.

3.4.11 Prepare Responses for NRC (A-E and/or V and/or J)

In responding to a new NRC requirement, a preliminary evaluation is performed
to determine whether the new requirement affects the utility's nuclear project, and if so,
to prepare a recommendation to the utility. The chain of events for accomplishing this is
initiated by a request from the utility to the A-E to review the document, or upon direct
receipt of the document by the A-E. Typically, the new NRC requirement is reviewed by
a licensing engineer assigned to the nuclear project, who determines its applicability to
the project. His recommendation is forwarded to the project's engineering manager, who
determines which engineering disciplines are affected. If necessary, speciality techniecal
analysis groups outside of the project are called in, as well as the NSSS vendor. For
those projects under construction or in operation, input is also solicited from site
engineering and home office construction management. An acceptable engineering
response is formulated by the appropriate parties. A recommendation is made to the
utility advising what general design changes are necessary, if any, and the estimated cost
of such changes. This recommendation in turn is forwarded to the NRC if acceptable by
the utility.

The costs of implementing changes generally increase with the percent
completion of the plant. Costs are limited to A-E, V, and U manhours and expenses, and
vary considerably with the nature of the requirement. Using the Energy Economic Data
Base (EEDB) code of accounts, as described in Chapter 4 of this handbook, as a guide for
the distribution of costs, they are as follows:

Cost Element EEDB Code of Accounts
a. Project Management Labor 921 =~ Primarily -- Home Office Services
923 - Home Office Construction Management
b. Engineering Labor 921 = Primarily -- Home Office Services
922 - Home Office QA

2208

NSSS Vendor Engineering

c. Clericai. Labor
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Cost Element EEDB Code of Accounts

e. Programming Labor 921 =~ Primarily -- Home Office Services

w. Reproduction

Cost References: Accounts 921, 922, and 923

1. National Survey of Professional, Administrative, and Clerical Pay,
March, 1983 published by the U.S. Department of Labor, Bureau of
Labor Statistics (Bulletin 2181).

2. Consultants, Constructors, and Designers to the Power Industry,
published by Power Engineering, 1301 S. Grove Ave., Barrington,
[llinois 60010.

3. Management Consulting Firms

Cost reference (1) summarizes the results of the Bureau of Labor Statisties
annual salary survey of selected white-collar occupations in private industry. This
information can be used to develop rough estimates of cost.

References (2) and (3) are provided as possible sources of more specific
professional, administrative, technical, and clerical pay scales for the power-generation
field. This type of data is generally proprietary information, not available to the
publie. It may therefore require the retention of an independent consultant to assist in
obtaining such data, usually for a fee.

Reference (2) is a listing of representative consulting firms associated with the
power industry.

Reference (3) is a general reference to management consulting firms that
perform surveys of salary structures of selected occupations in private industry.

Account 220B: NSSS Options - NSSS Vendor Engineering

The costs of NSSS vendor engineering are included in the cost of NSSS
equipment, which appears in cost element (t), factory equipment, in functional response
#18,

3.4.12 Solicit and Review Answers to Questions (N)

The NRC may have questions on the responses from the licensees. If so, the
staff would prepare a 'ist of questions to be answered by the licensees. This work, as
well as the review of the answers to the questions, may involve the NRC contractor (see
functional response #9) as well as the staff. Also, if the answers are unsatisfactory, or
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bring up additional questions, there may be another round of questions. The relevant
NRC cost element is:

i.  Office of Nuclear Reactor Regulation Labor

The evaluation of NRR costs is addressed under functional response #4. The data
contained in the RAMS system have not been analyzed to the level of this functional
response; however, there is a general administrative category that includes these costs.

3.4.13 Answer Questions from NRC (A-E and/or V and/or U)

All responses to questions from the NRC follow a procedure similar to that
described in the discussion of functicnal response #11. Responses are prepared by the A-
E, V, or U or any combination thereof, and require, where necessary, their approval.

Costs are limited to the A-E, V, or U manhours and expenses, and vary
considerably with the nature and extent of the questions. The cost elements are the
same as and are distributed among the EEDB code of accounts as described in functional
response #11.

Cost References: Same as those for functional response #11.

3.4.14 Perform Conceptual Design, Including Unresolved Safety Question
Determination, Kesource Estimate, and Preliminary Schedule (A-E
and/or U)

As part of the preliminary evaluation of a new NRC requirement, as discussed in
funetional response #11, the affected engineering disciplines perform engineering
changes, analyses, and redesign as required. This is accomplished first at the conceptual
level to meet the intent of the new NRC requirement. At this level, safety questions and
preliminary schedules are addressed to determine the extent of the modifications and
changes, if any, that are required. All proposed changes are subject to approval by the
utility.

Costs are primarily the A-E home office and utility manhours and/or expenses,
and vary considerably depending upon the magnitude of the proposed changes. The cost
elements are:

a. Project Management Labor
b. Engineering Labor
¢. Clerical Labor

d. Drafting Labor
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These cost elements are primarily included in the EEDB code of accounts 921, Home
Office Services.

Cost References: Same as those for Account 921 of funetional response #11.

3.4.15 Evaluate Budget Requirements (A-E and/or U)

An evaluation of the budget is undertaken if it is determined by the affected
engineering disciplines that significant changes and associated costs are required to meet
the intent of the new NRC requirement. This evaluation includes estimating the cost of
design changes, analyses, procurement, construction, testing, and scheduled changes.
This is subject to negotiations with anc approval of the utility. Costs are primarily A-E
home office and utility manhours and/or expenses, and are relatively insensitive to the
complexity of the requirement. The cost elements are:

e. Clerical Labor
f. Adminisirative Labor
g. Accounting Labor

These cost elements are primarily included in the EEDB code of accounts 921, Home
Office Services.

Cost References: Same as those for Account 921 of functional response #11.

3.4.16  Perform Detailed Design and/or Design Review, Including
Specifications for Outside Procurement (A-E and/or U)

If it is determined in the preliminary evaluation that design changes are
necessary to meet the new NRC requirements, as discussed in functional response #11,
and utility approval is received, the detailed design phase of the process is performed.
The affected engineering disciplines, as well as the NSSS vendor -- if necessary --
perform the design changes, which may entail new and/or revised drawings, specifica-
tions, and sysiem design descriptions along with any needed supporting stress and safety
analyses. For projects under construction or in operation, input is also solicited from site
engineering and home office construction management. The work is done in considerably
more detail than required during the preliminary stage, and is reviewed by all affected
parties prior to submission to the utility for approval.

Costs are limited primarily to A-E home office and/or U manhours and expenses.
For new construction (no backfit), design costs typically account for about 17% of the
total project costs. Backfit design costs are higher, typically 30%. Design costs for
modifieations to older plants could be higher yet due to the possible unavailability of
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drawings or questions as to their accuracy. The costs elements are distributed among the
following EEDB code of accounts:

Cost Element EEDB Code of Accounts

a. Project Management Labor 921 =~ Primarily - Home Office Services

923 - Home Office Construction Management
b. Engineering Labor 921 - Primarily - Home Office Services
220B - NSSS Vendor Engineering
c. Clerical Labor
d. Drafting Labor
e. Programming Labor 921 =~ Primarily - Home Office Services
h. QA/QC Labor 922 - Home Office QA

s. Computer

Cost References: Same as those for functional response #11.

3.4.17 Perform Safety/Risk/Reliability Analysis (A-E and/or V and/or U)

In conjunction with required design changes, analyses of safety, risk, and
reliability are performed as required. These analyses are required to assure the
credibility of the redesign, and can be highly complex and sophisticated, requiring
interfacing of the organizational participants. The greater the number of the analytical
groups required and the more complex the changes, the greater the cost. The
performance of these analyses is subject to the approval of the utility.

Costs are incurred by the home office operations of the participants, and are
distributed as follows:

Cost Element EEDB Code-of-~Accounts
a. Project Management Labor 921 =~ Home Office Services
b. Engineering Labor 921 - Home Office Services

2208

NSSS Vendor Engineering

c. Clerical Labor

e. Programming Labor

s. Computer 921 =~ Primarily - Home Office Services
w. Reproduction

Cost References: Same as those for Accounts 921 and 220B of functional
response #11,
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3.4.18  Procure Materials and Equipment, Including Preparation of the Bid
Package ivaluation of Proposals, and Preparation of Purchase Order

(A-E and/or V and/or U)

At the same time that the detailed drawings are being revised by the A-E to
meet the new NRC requirement, the appropriate engineering disciplines revise the
existing procurement specifications or write new specifications for factory-built
equipment or hardware. These are transmitted to procurement personnel to purchase the
factory-built equipment. Additional costs can be incurred at this time due to vendor
construction changes, or changes in equipment that is being fabricated.

Because of the long lead times required to procure and receive nuclear-grade
equipment and materials, the timing and expediting of this procurement process can have
a large impact on the cost of implementing the requirement at a specific plant. This
lead time has a direct affect on the timing and scheduling of construction activities at
the plant site. This will usually be of minor importance to new plants or plants in the
very early stages of construction, but can be of major importance at plants greater than
70% complete, and for operating plants. After the construction plan hus been set, the
site equipment and material required to perform the modifications are procured. This
stage includes preparation of the bid packages, evaluation of prcposals, preparation of
the purchase orders, and the actual costs of site equipment and materials. This also
involves the services of the censtruction managers (923 EFDB code of accounts) in
conjunction with the utility and A-E sectors. Site equipment costs are indirect costs and
include temporary construction facilities and construction tools and equipment (911 and
912 EEDB code of accounts). Site materials are primarily direct costs and include such
items as pipe, wire and cable, concrete, steel, ete. (21-26 EEDB code of accounts).

Costs for these activities consist of the home office manhours and expenses of
the procuring organizations, and also the cost of the purchase of factory equipment and
site materials and equipment.

The costs components are distributed as follows:

Cost Element EEDB Code of Accounts
a. Project Management Labor 923 - Home Office Construction Management
b. Engineering Labor 921 -~ Home Office Services
c. Clerical Labor 921 - Home Office Services
f. Administrative Labor 921 - Home Office Services
h. QA/QC Labor 922 -~ Home Office Q/A
t. Equipment = Factory 21-26 - Direct Cost Accounts

- Site 911 & - Temporary Construction Facilities
912 and Construction Tools and Equipment

u. Materials 21-26 Direct Cost Accounts
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Cost References: Accounts 921, 922, and 923

Same as those for functional response #11.

Accounts 21-26 (Materials)

1. R. 8. Means Co., Ine., Construction Consultants and Publishers,
Kingston, MA 02364

a. Building Construction Cost Data, 1983
b. Mechanical & Electrical Cost Data, 1983
¢. Means Square Foot Costs, 1983

Cost reference (1a) contains unit prices for building construction items broken
down into material, labor, and total costs, as well as total costs ineluding subcontractors'
overhead and profit.

Cost reference (1b) contains highly detailed treatment of all mechanical and
electrical unit and systems costs,

Cost reference (lc) contains reliable total costs of construction for typical
building structures.

2. Energy Economic Data Base, Phase VI, 1983, by United Engineers
and Constructors, published periodically by the U.S. Department of

Energy

Cost reference (2) presents factory equipment, site labor, and site material costs
for nueclear planis sited .. the Northeast United States. The data base can be used to
ascertain relative costs for factory equipment, site labor, and material for conventional
structures and systems and those related to safety. Generalized costs can be obtained
from the data base and can be made specific by use of other cost references. The data
bas2 can be used as a reference for new construction and therefore used as a gauge (or
estimating other structure and system costs.

Accounts 25-26 (Factory Equipment)
1. Factory equipment costs (for capital equipment) are best obtained
directly from the respective equipment vendors through

quotations.

2. Same as for Accounts 21-26, 911, and 912 (Materials) of functional
response #18, reference 2.
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Accounts 911 and 912 (Site Equipment)

1. Same as that for Accounts 21-26, 911 and 912 (Materials) of
functional response #18, reference la - fire equipment rental

2. Same as that for Accounts 21-26, 911 and 912 (Materials) of
functional response #18, reference 2 - for equipment rental and
purchase

3. The purchase of site equipment is best obtained directly from the
respective equipment vendors through quotations.

3.4.19  Plan Installation, Including Detailed Procedures, Labor
Requirements, and Schedule (C and/or U)

This segment of the process is accomplished in conjunction with the utility, A-E
and nuclear supplier sectors, and involves specifying the work to be done to ‘nstall the
equipment in the plant. This includes developing the detailed procedures for
accomplishing the work and the construction work schedule, defining the equipment and
materials required for construction purposes and specifying the labor required. The costs
of these activities are assigned to the construction management and engineers who are
responsible for detailing the work procedure (EEDB code of accounts 923).

This stage of the construction planning is significant because it defines the scope
of the work to be performed. This effort can be accomplished in a straightforward
manner for a plant in the early stages of construction. Plants well along in construction
require planning around existing construction activities and may involve planning for
work on existing structures and systems. For operating plants, planning may be done
within the context of a normal plant outage or a special plant outage, both of which call
for precise scheduling and scope definition

Costs for this effort are limited » organization office manhours and expenses,
and could invoive assistance from the A-E design organization. The cost elements are as
follows:

Cost Element EEDB Code-of-Accounts

a. Project Management Labor 923 Home Office Construction Management

b. Engineering Labor 923 - Home Office Construction Management
923 - Home Office Services
c. Clerical Labor 923 - Home Office Construction Management

Cost References: Same as those for Accounts 921 and 923 of functional response
#11.
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3.4.10 Modify Structure (V and/or C and/or U)

Modifying structures can be very costly and time consuming. In most cases,
construction of new structures requires less time and money than modifying existing
structures. Modification of structures becomes more difficult and complex in proportion
to the percentage of the plant that is complete. If modifications are to be done to a
Seismic Category [ structure, the work will be more complex and require more time and
materials than a similar modification on a nonseismic Category | structure. This is due
to the faet that Seismic Category | structures are designed to more stringent
requirements (seismic, aircraft impact, ete.) than nonseismic Category | structures.
Modifications may involve adding to or removing portions of existing concrete structures,
during which special procedures may be necessary such as the hand chipping of concrete
to ensure that no rebar or embedments that are to remain are damaged. Modifications
may also require the removal of piping, wiring, and components previously installed.
Consideration must also be given to protecting existing equipment, e.g., by the use of
equipment coverings, semipermanent shielding wails, and high-powered vacuums to
eliminate concrete dust. These modifications may also involve access to and work in
confined and hazardous spaces, which may significantly reduce labor productivity. As a
result, the cost of modifying existing structures can vary from two to five times the cost
of constructing those portions of new structures.

Costs will include all normal field personnel manhours, home office support
manhours, and expenses, and may require consultation, assistance, and design changes by
the A-E. The cost elements can be detailed as:

Cost Element EEDB Code of Accounts

a. Project Management Labor 923 - Home Office Construction Management

b. Engineering Labor 932 - Field Job Supervision
h. QA/QC Labor 933 - Field QA/QC
j+» Craft Supervisory Labor
k. Craft Labor 21-26 - Direct Cost Accounts
913 - Payroll Insurance and Taxes

Cost References: Aecount 923, 932, and 933

Same as those for Account 923 of functional response #11.

Accounts 21-26 and 913

1. Labor refer to the Construction Industry, 1983, published annually
by R. S. Means Co., Inc., Kingston, MA 02364,

2. Same as those for Accounts 21-26, (Materials) of functional
response #18, references (1a), (1b) and (2).
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Cost reference (1) provides an accurate listing of current hourly
union wages for building construction trades in all major U.S. and
Canadianr cities.

Most of these costs will be from the craft labor and field supervision. For new
structures, typical labor, QA/QC, and field support costs are on the order of 30% of the
total cost of the new structure. As construction percent increases, these costs will
comprise an even larger pcreentage.

3.4.21 Install, Test and Maintain Hardware (V and/or C and/or U)

Costs for installing hardware vary considerably, depending on the systems
involved, the physical location of the components, and the presence of interferences with
existing hardware. For example, installation of safety-grade equipment requires a more
stringent quality control program than nonsafety-grade equipment, including more
inspection and verification, ‘hus affecting labor productivity. Installation within som=
buildings results in greater costs due to congestion, making work more difficult, e.g., the
containment building versus the turbine building. Installation is a one-time cost.
However, testing and maintenance may be continuing costs.

The task can involve the removal of portions of other system and their
reinstallation to provide access for the new hardware installation. The costs are greater
the more complete the plant is prior to che installation of the new hardware. As a result,
the cost of installing hardware in an existing plant -- 50% to 100% complete -- can vary
from one to five times the cost of such installation at a new plant.

Costs for installation will include all the usual site eraft labor costs, supervision,
and field support, and may require consultation, assistance, and design changes by the A-
E. Cost elements can be detailed as:

Cost Element EEDB Code of Accounts

a. Project Management Labor 923 Home Office Construction Management

b. Engineering Labor 932
h. QA/QC Labor 933
j« Craft Supervisory Labor

Field Job Supervision
Field QA/QC

k. Craft Labor 21-26
913

Direct Cost Accounts
Payroll Insurance and Taxes

Most of this cost will result from the craft labor and field supervision. For plants in
early stages of construction, typical labor, QA/QC, and field support costs are on the
order of 30% of the cost of the work. As the construction percentage increases, these
costs will comprise a larger percentage.

Cost References: Same as those for functional response #20.
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3.4.22 Inspect Hardware (V and/or C and/or U)

This task involves inspecting and verifying the quality of the construction work
to ensure that installation complies with design and QA programs.

The regulatory requirement may inciude inspecting existing hardware, in addition
to inspecting the modification work performed. In fact, a requirement might also involve
periodic inspections, in which case continuing costs as well as initial costs may be
entailed. The cost components involved are Field Job Supervision (932), Field Quality
Assurance/Quality Control (933), Craft Labor (21 °6), and Payroll, Insurance, and Taxes
(913). This segment of work is typically performed jointly by the utility and the A-E, and
the costs can increase considerably if the inspection is performed in a radiation
environment. Much of the work by the construction sector may involve removing
equipment, and then replacing the same equipment after the inspection has been
performed.

The cost elements are as follows:

Cost Element EEDB Code of Accounts
b. Engineering Labor 932 =~ Field Job Supervision
933 - Field QA/QC
k. Craft Labor 21-26 - Direct Cost Accounts
o. Technician Labor 932 and 933 Accounts

Cost References: Accounts 932 and 933

Same as those for Account 923 of functional response #11.

Accounts 23-16 and 913

Same as those for Accounts 21-26 and 913 of functional response #20, references
(1) and (2).

3.4.23 Develop Sofiware (A-E and/or V and/or U)

New requirements may require the development of new computer programs or
modifications to existing programs to evaluate parameters such as fuel temperatures,
occupational radiation exposures, mechanical stresses, and many other technical
factors. This work may involve off-line analysis software or plant operations software.
Development of and/or revisions to programs require the modeling of the engineered
systems as well as interpretation and application of physical laws, thus requiring
engineering personnel, scientists, and computer programmers working as a team.,



Costs are primarily centered at the performing organization's home office, and
include manhours, expenses, and computer charges. It will include checkout ard
certification of ti. software, documentation of the program, and preparation of a user's
manual. Costs can range widely, from minor modifications of a few linss of program to
the development of new computer codes, which may require tens of thousands of
manhours. These costs are relatively independent of the percentage of the plant that is
complete. The cost elements are:

Cost Element EEDB Code of Accounts

b. Engineering Labor 921 - A-E Home Office Services
c. Clerical Labor 220B =~ NSSS Vendor Engineering

e. Programming Labor 21-26 - Other Vendor Engineering Equipment
s. Computer

Cost References: Account 921

Same as those for Account 921 of functional response #11, plus computer time
sharing costs, which can be obtained from the various computer companies.

Accounts 21-26 (including 2208)

Same as that for Account 2208 of functional response #11.

3.4.24 Add To or Change Record Keeping (U)

A new NRC requirement might entail the addition of or changes to a record
keeping system. The system might be manual or automated. If it is automated, or if the
requirement entails conversion tu an automated system, hardware procurement and/or
software development might be involved. Also, there may be cortinuing costs as well as
initial costs. One type of continuing cost incurred might be the labor associated with an
inerease in staff to maintain the new or enhanced record-keeping system. Potential
utility cost elements are:

Cost Element

a. Project Management Labor
c. Clerical Labor

e. Programming Labor

f. Admii ¢ rative Labor

$s. Computer

w. Reproduction

x. Storage



Compensation and benefits for several categories of utility employees are

compiled in the annual EEI survey, which is discussed under functional response #5.

rringe and overhead rates are also addressed under functional response #26.

3.4.25 Add To or Change Reporting (U)

A new NRC requirement might entail additional reporting or changes n the
existing reporting system. he system might be manual or automated. If it is
automated, or if the requirement entails conversion to an automated system, hardware
procurement and/or software development might be involved. Also, there may be
continuing costs as well as initial costs. One type of continuing cost incurred night be
th

the labor associated with an increase in staff to compile the data associated with the

new or changed reporting requirement. Potential utility cost elements are:

Compensation and fringe benefits for several categories of utility employees are

ompiled in the annual survey, which is discussed under functicnal response #5.
4

Fringe and overhead rates so addressed under functional response #26.

3.4.26 Increase Nonoperating Staff (U)

requiremet

#47 deals
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Compensation and benefits for several categories of utility employees are
compiled in the annual EEI survey, which is discussed under functional response #5.
Compensation for utility engineers is addressed under functional response #7. Fringe and
overhead rates are also addressed under functional response #26.

Additionally, the International Brotherhood of Electrical Workers publishes
annually the "Utility Department Nuclear Guide," which gives current wage schedules for
classifications of union worker by individual power station. The data are based on an
annual survey. This source would be useful in estimating unit costs of craft supervisory
and craft labor.

The Bureau of Labor Statistics publishes monthly data (in BLS Bulletin 1312-5) on
employment and earnings throughout the U.S. These monthly data on payroll reports of
employers are based on the 1957 Standard Industrial Classification Manual. The data
may be useful for some of the categories of utility labor.

It should be noted that this functional response may be redundant with functional
responses 11, 13, 14, 15, 16, 17, 18, 19, 22, 24, and/or 25.

3.4.27 Federal, State, Local Government Participation (G)

Federal agencies other than the NRC that are most likely to be involved include
the Environmental Protection Agency (radiation standards), the Federal Emergency
Management Agency (emergency response), the Department of Justice (anti-trust), the
Department of State (export licenses), the Department of Energy (nuclear research), the
Health and Human Services Food and Drug Administration (emergency response), and the
Department of Transportation (shipments of radioactive materials). State and local
agencies may be affected by NRC requirements that relate to siting and emergency
preparedness. The involvement of government agencies may entail both continuing and
initial costs. The cost elements are:

Cost Element

p. State Official Labor
q. Local Official Labor
r. Federal Official Labor
y. State Contract/Crant

3.4.28 Impact on International Trade (A-E and/or V and/or C)

Foreign sales by architect-engineers, constructors, or vendors might be affected
by changes of NRC requirements under their export license responsibilities. Utilities are
not likely to be directly affected. Any cost impaet under this category is likely to be a
continuing cost.



3.4.29 Write/Rewrite Procedures (V and/or U)

A new NRC requirement might entail new or revised procedures for plant
operation. The procedures may be written in-house by the utility, by a vendor under
contract, or by a combination of the two. The cost elements of this one-time cost are:

Cost Element

a. Project Management Labor
b. Engineering Labor

c. Clerical Labor

h. QA/QC Labor

w. Reproduction

Compensation and benefits of utility engineers and project managers are
addressed under functional responses #5 and #7. Fringe and overhead rates and
compensation of engineers are additionally addressed under functional response #26.

3.4.30 Conduct Test of System/Subsystem (V and/or C and/or U)

This effort may be a repeat test of a modified system, or the first test if the
system was modified during plant construection prior to testing. It may also involve the
testing of an additional system. Also, it may entail continuing as well as initial costs.

Costs include the test personnel manhours and expenses of the team involved in
the testing. Care must be taken to include only additional testing not costed in the new

plant testing program.

The costs elements are as follows:

Cost Element EEDB Code of Accounts

Engineering Labor 932 - Field Job Supervision
QA/QC Labor 933 - Field QA/QC
Technician Labor 934 - Plant Startup and Test

Accounts 932, 933, and 934

Same as those for Accounts 921, 922 and 923 of functional response #11.

3.4.31 Write/Rewrite Training Manuals (V and/or U)

A new NRC requirement might entail new or revised training manuals for plant
operating personnel. The training manuals may be written in-house by the utility, by a
vendor under contract, or by a combination of the two. The cost elements for this one-
time cost are:
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Cost Element

b. Engineering Labor
c. Clerical Labor
h. QA/QC Labor

w. Reproduction

Compensation and benefits of utility engineers are addressed under functional
responses #5 and #7. Fringe and overhead rates and compensation of engineers are
additionally addressec under functional response #26.

3.4.32 Train/Retrain Staff (V and/or U)

A new NRC requirement might entail training of operating personnel or
additional training of already trained personnel. (The development of training manuals to
support the training efforts is addressed by functional response #31.) Training may be
conducted in-house by the utility, by a vendor under contract, or by a combination of the
two. Training may be a one-time or a continuing cost, depending on. the nature of the
requirement. The cost elements are:

Cost Element

b. Engineering Labor
o. Technician Labor

Compensation and benefits of utility engineers and technicians are addressed
under functional responses #5 and #7. Fringe and overhead rates and compensation of
engineers are additionally addressed under functional response #26.

3.4.33 Write/Rewrite Technical Specifications (U)

A new NRC requirement could involve the drafting of a new plant operating
Technical Specification or the revision of an existing one. This would be a one-time cost
incurred directly by the utility and is usually negligible in comparison with other costs.
Cost elements are:

Cost Element

a. Project Management Labor
b. Engineering Labor

¢c. Clerical Labor

1. Executive Labor

Compensation and benefits for utility engineers, project managers, executives,
and clerical personnel are addressed under functional response #5. Compensation for
utility engineers and project managers is additionally addressed under functional
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license review, and costs incurred would be indistinguishable from that overall review.)
This one-time cost would require the following NRC cost element:

Cost Element

i, Office of Nuclear Reactor Regulation Labur

The evaluation of NRR costs is addressed under functional response #4.

3.4.37 Contractor Prepares TER (V and N)

The NRC frequently uses contractors to assist the staff in preparing its Safety
Evaluation Report (SER). When a contractor is used in this capacity, a stand-alone
document known as a TER, or "Techr..cal Evaluation Report," is prepared. The NRR lead
engineer monitors the work of the contractor. The relevant cost elements are:

Cost Element

i. Office of Nuclear Reactor Regulation Labor
vi., Technical Support Contract

The evaluation of NRR costs is addressed under functional response #4. The
costs incurred in the prorurement of contractual support are assumed to be reflected by
the overhead burden on NRR labor. The NRR RAMS system contains a cost category for
contractual support, but these data have not been analyzed to provide typical
expenditures for this item.

3.4.38 Prepare SER (N)

SER stands for the NRC's "Safety Evaluation Report." This step is shown only in
the plant operating phase because it is assumed that during the construction phase, the
safety evaluation of a design modification would be reviewed during the operating license
proceedings, and would thus be indistinguishable from that overall review. The SER is
prepared by the NRR staff (with possiblie help from a contractor -- see functional
response #37). The relevant cost elements are:

Cost Element
it Office of Nuclear Reactor Regulation Labor
The evaluation of NRR costs is addressed under functional response #4. The

NRR RAMS system tracks SER preparation, and some of the data have been analyzed for
purposes of budget preparation.
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3.4.39 Replacement Energy Penalty (U)

If replacement energy costs result from a regulatory requirement, these costs
ar. likely to predominate. In addition, the considerations leading up to the accrual of a
cost for replacement energy are quite complex. First, it must be determined if the
requirement would lead to a forced shutdown of the plant at a time other than a planned
outage. Then, depending on the season and the status of other units in the system, a
determination must still be made regarding the source of replacement energy. Replace-
ment energy may be supplied by the same utility with sufficient excess capacity, or by
purchase from another utility sr power grid. In either case, as long as the marginal
energy source commands a higler cost than the disabled nuclear unit, there will be a
replacement energy cost penalty.

Even if it appears possible to accomplish a modification during a planned outage,
there still exists a possibility that the work would extend the outage, resulting in the
need for replacement energy. Also, it is not possible to evaluate regulatory requirements
individually when evaluating the potential for outage extension, since it is the totality of
all of the modifications that affects the outage duration. Although it may not be
possibie for the analyst to take all of these factors into account in determining the need
for a replacement energy cost penalty, there should be an awareness of the complexity of
the probiem.

The most comprehensive and timely compilation of replacement energy costs is
contained in the following report:

"Replacement Energy Costs for Nuclear Generating Units in the
U.S.," NUREG/CR-XXXX to be published in October 1984.

This report will provide estimates of replacement energy costs for
each of the nuclear units expected to be in operation by early
1986. Replacement energy costs will be provided in units of
mills/kWhr and average daily production cost increases. A
consistent methodology will be used to estimate the costs, taking
into account the regional power pools, and assuming a nominal
utility maintenance schedule.

Three earlier reports may contain useful information for the evaluation of
replacement energy costs:

l. "Loss of Benefits Resulting from Nuclear Power Plant Outages,"
NUREG/CR-3045, March 1982,

This source estimates costs of replccement power in mills/kWhr
from case studies on six utility systems, taking into account the
regional power pools. The estimates were based on utility
simulations, with an attempt to make the estimates consistent.
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However, the focus is on the long-term costs of losing a reactor
due to an accident. The six plants examined were Zion, Oconee,
Prairie Island, Browns Ferry, Indian Point, and Three Mile Island.

2. "A Guide for Reviewing Estimates of Production Cost Increases
Resulting from Nuclear Plant Outages,” NUREG/CR-XXXX draft
September 1982, to be published.

This report uses information from NUREG/CR-3045 (above) to
develop rough rules of thumb for estimating replacement power
costs. The percentage of oil-fired capacity in the system, for
example, is a first-order parameter.

3. "An Efficient Simulation Approach for Evaluating the Potential
Effects of Nuclear Power Plant Shutdowns on Eleetrie Utility
Generating Systems,”" NUREG/CR-3553, June 1983.

This report describes the computer methodology developed to
perform replacement power cost estimates for power pools in a
consistent manner,

The actual cost of purchased power for each utility is compiled annually by the
Federal Energy Regulatory Commission, using data from FERC-1 (formerly FPC-L) for
private utilities, and from FERC-1-F, for publicly-owned utilities. The data are
collected and published by the Energy Information Administration (EIA). The relevant
EIA publication for private utilities is "Statisties of Privately Owned Eleetrie
Utilities,  Annual (Classes A and B Companies)," DOE/EIA-0044( ). For publicly-
owned utilities, the EIA publication is "Statisties of Publiely Owned Electric
Utilities,  Annual," published annually by the DOE Energy Information Administration
DOE/EIA-0172( ).

3.4.40 Modify Structures in a Radiation Environment (V and/or C and/or U)

In addition to the costs associated with structure modifications on new plants and
plants under construction as described under response function #20, the presence of
radiation from operating plants poses additional problems and cost. Where work on
structures or systems involving a radiation environment are encountered, temporary
shielding, personnel radiation protection, trairing, and additional personnel (to reduce
individual exposure time) may all be required. This will result in inereased costs as well
as lengthened schedules, due to greatly reduced labor productivity as compared to work
in a nonradicactive area. In the absence of specific cost data of previous similar work
performed in a similar environment, a useful rule of thumb in estimating labor
requirements for work in a radiation environment involving all of the special activities
identified above is to assume a (abor productivity factor of 0.1 when compared with
similar activities involving new construction. Except for replacement energy costs, this
factor may be the single greatest cost in modifying structures in a plant that is in
operation.
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Costs will include ali normal field personnel manhours, home office support
manhours and expenses, may require consultation, assistance, and design changes 5y the
A-E, and can be detailed as:

Cost Element EEDB Code of Accounts
a. Project Management Labor 923 ~ Home Office Construction Management
b. Engineering Labor 932 =~ Field Job Supervision
h. QA/QC Labor 933 - Field QA/QC
j» Craft Supervisory Labor
k. Craft Labor 21-26 = Direct Cost Accounts

913 -~ Payroll Insurance and Taxes

l. Radiation Protection Labor Operating Costs
m. Security Labor 91 - Construction Services

Cost References: Accounts 911, 923, 932, 933 and Radiation Protection Labor

Sa:ne as those for Accounts 921, 922 and 923 of functional response #11.

Accounts 21-26 and 913

Same as those for Accounts 21-26 and 913 of functional response #20, references
(1) and (2).

3.4.41  Install, Test and Maintain Herdware in a Radiation Environment
(V and/or C and/or U)

In addition to the costs associated with installing hardware in a new plant or
plant under construction as described in response function #21, additional costs are
incurred for operating plants due to the presence of a radiation environment. Where
hardware must be installed in structures or systems that contain radiation, temporary
shielding, personnel radiation protection, training, and additional personnel (to reduce
individua! exposure time) will be required. This will result in increased costs as well as
lengthened schedules as compared to work in a nonradioactive area. The use of a labor
productivity factor of 0.1, as discussed in Sec. 3.4.40 is applicable to hardware
installation in a radiation environment. As stated previously, this may be the single
greatest factor in the costs in installing hardware in a plant that is in operation.

Costs will inelude all the usual site craft labor costs, supervision, and field

support, and may require consultation, assistance, and design changes by the A-E costs
can be detailed ac:




Cost Element EEDB Code of Accounts

a., Project Management Labor 923 - Home Office Construction Manzgement
b. Engineering Labor 932 - Field Job Supervision
h. QA/QC Labor 33% - Field QA/QC

J+ Craft Supervisory Labor

k. Craft Labor 21-26 - Direct Cost Accounts
913 - Payroll Insurance aad Taxes
Radiation Protection Labor Operating Cost
m. Security Labor 91 - Construction Services

Most of this cost will be f»m the craft labor and field supervision. For plants in
early stages of construction, typical labor, QA/QC and field support costs are on the
order of 30% of the cost of the work. As construction percent increases, these costs will
comprise a larger percentage.

Cost References: Same as those for functional response #40.

3.4.42 Draft License Amendment (U)

A new requirement may entail a license amendment. Although the contribytion
of this functional resnponse to the overall utility costs should be negligible, the cost
elements involved in drafting the amendment are:

Cost [Element

a. Project Management Labor
b. Engineering Labor
i. Executive Labor

Compensation and benefits for utility engineers, project managers, executives,
and clerical personnel are addressed under functional response #5. Compensation for
utility engineers and project managers ‘s additionally addressed under functional
responses #7 and #26. Fringe and overhead rates are additionally addressed under
funetional response #26.

3.4.4) Review License Amendment (N)

The licerse amendment drafted by the utility must be reviewed for technical ana
legal content by the NRC staff. The magnitude of the costs associated with this NRC
administrative furctional response is usually negligible in comparison with other costs.
The relevant NRC cost elements are:
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Cost Element

1. Office of Nuclear Reactor Regulation Labor
v. Office of the Executive Legal Director Labor

Plant project managers and technical reviewers are in the Offie» of Nuclear
Reactor Regulation. The evaluation of NRR costs is addressed under functional response
#4. Labor costs by the Office of the Executive Legal Director (ELD) may be included in
the overhead costs of NRR staff.

3.4.44 Contractor Assists NRC in Inspecting Hardware (V and N)

The NRC Office of Inspection & Enforcement (I&E) occasionally uses contractors
to assist in inspection of hardware. The cost elements for this functional response are:

Cost Element

iv. Regional Office Labor
vi, Technical Support Contract

I&E costs are addressed under functional response #45. The I&E management
information system ("766" system) presumably contains a cost category for contracts, but
the data have not been analyzed to provide tvpical expenditures for this item.

3.4.45 Inspect Hardware (N)

Once a hardware modification has been made, it may be subject to inspection by
the NRC Office of Inspection & Enforcement (I&E). A contractor may assist in the
inspection (see functional response #44). The cost elements are:

Cost Element

iii. Office of Inspection and Enforcement Labor
iv. Fegional Office Labor

I&E costs are tracked on the I&E "766" system, maintained by the [&E Program
Support Branch. The I&E "766" system is so-named because the input to the system
(containing approximately 100 data entry items) is entered on NRC Form 766. The
system contains the statisties associated with each of the roughly 4000 annual NRC
inspections, including the dates, the resulting report(s), the inspection procedures
followed, the time devoted to each procedure, and the resulting citations. If a procedure
is identified with a generic or multiplant requirement through a "Temporary Instruction,"
it is included in the system.

Only the very largest effort among the generic or multiplant requirements are
assigned "Temporary Instructions” (TIs). Most of the inspections related to generic
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requirements are conducted during the regularly scheduled inspections (for example, the
monthly maintenance inspections) and are not accounted for separately. Thus the costs
are hidden within the costs of regular inspection procedures. It would be possible to
analyze the existing TIs to determine the resource expenditures for larger inspection
efforts associated with generic requirements, but this has not as yet been accomplished.

3.4.46 Conduet Monitoring/Sampling (V and/or U)

A new NRC requirement may entail new or ineressed monitoring/sampling. The
monitoring/sampling may be conducted by utility personnel, by a vendor under contract
to the utility, or by a combination of the two. The monitoring/sampling may be
performed once, in which case these are only one-time costs, or it may impose a
continuing cost. The cost elements are:

Cost Element

b. Engineering Labor

h. QA/QC Labor

1. Radiation Protection Labor
o. Technician Labor

Compensation and fringe benefits for several categories of utiiity personnel may
be obtained from the EEI survey, discussed under functional response #5. Compensation
of engineers and technicians is additionally addressed under functional response #7.
Fringe and overhead rates and the compensation of engineers are addressed under
functional response #26.

3.4.47 Change Number of Operating Staff (U)

A new NRC requirement might entail the addition of operating utility staff
(functional response #26 deals with nonoperating staff). An increase in staff is a
continuing cost. Cost elements are:

Cost Element

b. Engireering Labor

¢c. Clerical Labor

f. Administrative Labor

h. QA/QC Labor

1. Radiation Protection Labor
m. Security Labor

o. Technician Labor

Compensation and benefits for several categories of utility empioyees are
compiled in the annual EEl survey, which is discussed under functional response #5.
Compensation for utility engineers and technicians is addressed under functional response



#7. Fringe and overhead rates and compensation for engineers, are addressed under

functional response #26.

[t should be noted that this functional response may be redundant with functional

responses #22, 24, 25, 29, 30, 31, 32, and 486.

3.4.48 Change Number of Maintenance Staff (V ana/or U)

A new NRC requirement might entail the addition of maintenance personnel,
either on a one-time basis, or on a continuous basis. The maintenance personnel may be
f the utility, or they may be contracted for from a vendor. IT the
requirement can be accomplished on a one-time basis, or during periodic refueling

utages, the increase in staff is more likely to be provided by a contractor. Cost

employees o

elements are:

1an Labor

(Compensation and benefits for several categories of utility emplovees are

*ompiled in the annual EEI survey, which is discussed under functional response #5.

Compensation for utility engineers and technicians is addressed under functional response

$7. Fringe and overhead rates, as well as compensation for engineers and craft

personnel, are addressed under functional response #286.

It shouid be noted that this functional response may be redundant with functional

response #47.

3.4.49 Change in Accident Cost (U)

Fheoretically, an NRC requirement should reduce either the pr bability or the

consequences of a major accident. |If

be liable for very large costs for plant rehabilitation (e.g., Three Mile Island). (We do not

a major accident were to occur, the utilitv would

nelude here the concomiiant environmental, off-site property, and public health costs.)

‘hus, a new NRC requirement has a negative «

*0st (or a benefit) relating to a potential

accident, Although diffici 0 evaluate, this includes ess
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Several reports have been written providing estimates of the cleanup costs for
Three Mile Island, Unit 2. (See, for example, "TMI-2 Recovery Program Estimate,"
General Public Utilities Corp., July 1981.) On a more generic basis, Sandia National
Laboratories estimated the financial consequences of accidents to the involved utilities
("Estimates of the Financial Consequences of Nuclear Reactor Accidents," Sandia
National Laboratories, NUREG/CR-2723).

3.5 SIMPLIFYING APPRGXIMATIONS

The costs associated with a number of the functional responses, particularly
those attributed to the NRC, are small in comparison with others. These response
functions with relatively small associated costs are retained in the detailed model in
order to provide the capability to analyze a complete range of possible administrative
requirements. However, even for those requirements that do not entail hardware
modifications at the plants, some of the NRC functional responses can be consolidated
and others neglected. For example, NRC functional responses #4, 6, 8, 10, and 12 can be
consolidated into a single NRC administrative task that includes initial organization,
meetings, questions, and review. The NRR RAMS system tracks these activities in a
single administrative category. However, even this consolidated administrative activity
can probably be neglected in comparison with the development of a new regulation
(functional response #1) or regulatory guides (functional response #2). These activities
may extend over several years and consume several man-years of effort. Typical
resource expenditures are available from the NRR RAMS system and the RES RSAMS
system.

Several NRC functional responses performed during the latter stages of response
to a regulatory requirement also entail relatively small costs and can probably be
neglected. These are the review of technical specifications (functional response #33),
review of license amendment (functional response #36), and inspection of hardware
(functional response #45). Indeed, these activities are rarely tracked in any of the NRC
management information systems. The preparation of the Safety Evaluation Report
(SER) (functional response #38) may entail a substantial effort, and can probably be
combined with the design review (functionai response #36). Resource expenditures for
SER preparation are tracked by the NRR RAMS systemn. Some of the data have been
analyzed for budget preparation purposes, so that generic estimates of leveis of effort in
SER preparation are available.

3.5.1 Collapse of the Model for a !{ardware Modification

Section 2.4.1 presents a collapsed version of the detailed model for the case in
which a regulatory requirement involves a hardware modification. This simplification
incorporates the approximations to the NRC functional responses contained in the
previous section. It additionally collapses several of the early stage industry actions
(functional responses #5, 7, 9, 11, and 13) into a consolidated administrative task that
ineludes initial analysis, meetings, and response to questions. The cost evaluation of
these activities would be difficult under any circumstance, because the tasks are
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generally performed by senior utility personnel as part of their overall licensing
funections.

Industry administrative tasks, such as the development of tecknical specifica-
tions (functional response #34) and license amendments (functional response #42), are
neglected, as are functional responses #27 (federal, state, and local government
participation) and functional response #28 (impact on international trade), not considered
relevant to a hardware modification. Also, some of the activities are collapsed into a
single functional response. For example, the design and design-related tasks, encompas-
sing functional responses #14, 15, 16, and i7, are consolidated into a single activity
ertitied, "perform conceptual and detailed design and safety analysis." This is
convenient from a cost analysis perspective, because most of the cost data that
encompass design include all of these tasks. Similarly, installation (functional response
#21), inspection (functional response #22), and testing of hardware (functional response
#30) are consolidated. These tasks are also likely to be consolidated in cost data that
encompass installation.

For purposes of generality, the collapsed model retains additions of staff
(functional response #26, 47, and 48), training (functional response #32), and monitoring
(functional response #46), but these activities do not result from most hardware
modifications and can thus be neglected. Similarly, most hardware modifications do not
result in changes to software (functional response #23), record keeping (functional
response #24), or reporting (functional response #25), but these activities are retained as
a consolidated activity for purposes of generality. Drafting of revised procedures
(functional response #29), training manuals (functional response #30), and technical
specifications (functional response #31) generally do result from hardware modifications,
but these are collapsed into a single activity for purposes of simplicity.

For most hardware modifications, the costs of design, procurement, and
installation of hardware predominate, and the administrative activities can usually be
neglected. These activities are presented as five collapsed functional responses in
Figures 2-6, 2-7, and 2-8, encompassing the detailed functional responses #14 through 22,
30 (for a plant well under construction and an operating plant), and 40 and 41 (for an
operating plant). The costs of the design function can be approximated generically
without evaluating the associated cost elements, using rules of thumb presented
elsewhere in this report or estimates in the open literature. Equipment procursment
costs must be evaluated on a case-by-case basis using, for example, the EEDB data
base. As discussed in Chapter 4, studies of nuclear plant capital costs have shown that
85% of the direct costs are tied up in structural commodities, the nuclear steam supply
system, the turbine generator unit, piping and duct work, electric plant and
instrumentation and controls, cooling towers and condensers. Considerable care must be
exercised, however, in evaluating the costs of equipment destined for a nuclear power
plant because, as discussed elsewhere in this report, the quality assurance requirements
on safety-grade equipment can elevate the cost substantially. Installation costs can also
vary substantially, depending on the extent of the job, whether it is a new installation or
a backfit, and whether the job must be performed in a radiation environment. Although
it is not possible to derive generic installation costs, the effects of the complications can
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be factored into new installation cost estimates, and these ~ules of thumb are discussed
elsewhere in this report.

The foregoing is premised on the assumption that the hardware modification is
carried out during a scheduled outage. If the requirement necessitates an unscheduled
shutdown, the cost of replacement power could well dominate the costs associated with
the hardware modification itself, depending on the length of the shutdown, the need for
replacement power, the availability of excess capacity from the utility, and the marginal
cost of the replacement power. The evaluation of the cost of replacement power is not a
trivial analysis, but for those cases in which this cost element predominates, there is a
consolation in the absence of other cost elements to consider.

3.5.2 Collapse of the Model for a Shutdown without Hardware Modifications

Section 2.4.4 presents a collapsed version of the detailed model for the case in
which a regulatory requirement leads to a shutdown of an operating plant without a
hardware modification. Thus the functional responsvs relating to design, procurement,
and installation of hardware have been eliminated. Moreover, the functional responses
relating to potential changes in staff, plant availability, and accident costs are not
relevant. A very simple model results, in which only hardware inspection (functional
response #22) and system testing (functional response #30) remain for the cases in which
replacement power is unnecessary. If replacement energv is necessary, the cost of the
replacement energy is the only cost element requiring evaluation.
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4 CAPITAL COST ACCOUNTING METHODOLOGY

This chapter of the handbook presents a methodology that can be used in
estimating the capital (one-time) costs associated with implementing an NRC require-
ment when such a requirement calls for changes to plant hardware or structures.
Chapter 2 of this handbook identified certain functional responses that deal with the
design, engineering, procurement, installation and modification of components and
structures as a result of an NRC requirement -- functional responses #16, 17, 18, 19, 20,
and 21. Chapter 3 identified the general cost elements associated with these functional
responses. When a regulatory requirement leads to significant modification of a plant's
hardware or structures, estimating the cost of these plant modifications will likely
require a higher level of detail of cost breakdown than that represented by the ~ost
element breakdown. Because of the complexity involved in identifying, costing, and
aggregating all of the individual costs encountered when a physical plant change is
necessary, a detailed accounting system to identify and track these costs is a valuable
tool. This chapter describes just such an existing accounting system and explains how it
can be fully utilized.

As stated in Chapter 2, the first task that the analyst faces in evaluating the
plant-specific costs associated with the requirement is to determine what specific plants
are affected by the requirement and how the requirement will be implemented for each
plant. To assist the user in this task, Appendix B of this handbook presents a current list
of all U.S. commercial nuclear power plants with information on plant status, ownership,
type of reactor, ete., for each. Next the user should attempt to group these plants into
the smallest number of categories that represent similar types, and therefore costs, of
plant modifications. For each plant category, specifications need to be developed to
define the specific changes to be made. These specifications will provide the basis for
the required changes and will therefore determine the costs for such changes.

Having identified and grouped all of the plants affected by the requirement, and
having specified the nature of the changes resulting from the requirement, the user is
faced with the task of estimating the capital cost of the requirement for each plant or
groups of plants. It is this task that will be dealt with in this chapter.

The principles of power plant capital cost accounting are illustrated here through
a deseriptior of the Energy Economic Data Base (EEDB). The methodology presented is
based on a‘ "engineering approach" to cost estimating that defines the equipment,
material quantities, and labor content required to build or modify a specific plant. The
capital cost estimate is developed by summing those costs. Costs are delineated as
direct costs and indirect costs, discussed in Seecs. 4.2 and 4.3, respectively.

4.1 DESCRIPTION OF EEDB

The EEDB is a consistent, readily available and flexible data base that contains
annually updated, comparable-baseline capital, fuel cycle, and operating and mainte-
nance costs for different types of nuclear and coal-fired electricity generating plants.
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Each plant in the data base consists of a technical model and a directly related
cost estimate for that model. The cost estimates included in the data base are
unencumbered by controversial factors such as the effects of future inflation, and by
non-uniform factors such as costs arising from owners' options or utility system
configurations. All assumptions and ground rules are clearly identified in the data base
report and are applied uniformly to all cost estimates.

The conceptual designs of technical models in the EEDB are based upon a
common hypothetical "Middletown" site. Middletown is a hard-rock site on a navigable
river in the northeastern U.S., having specifically identified environmental, geological,
and labor-cost characteristics.

Each cost estimate in the EEDB is developed in accordance with an expanded
AEC code of accounts (USAEC Report NUS-521) and is based on a detailed technical
model -- described in the EEDB report -- that includes system design descriptions for
over 400 plant systems; a detailed equipment list containing over 1250 mini-
specifications; and up to 10.000 subdivisions of commodity, materials, and equipment
quantities, labor hours, and costs. The technical models are based on actual power plant
designs and over 50 years of power plant design and construction experience. Site-
related factors are normalized by locating each technical model on the common
hypothetical "Middletown" site, for which there is a detailed, written geological and
environmental description,

For each plant design the EEDB provides base capital costs composed of direct
and indirect costs, reported in terms of factory equipment, site labor, and site materials
costs. The results are internally consistent across each plant and are sufficiently
detailed to identify why costs differ and whether they are credible.

The use of the EEDB will provide the user with several tools that will be useful in
estimating the cost of changes to nuclear plants. These include:

i. Providing a structured code of accounts around which to organize
and sum the various costs for the changes.

2. Identifying, at varying levels of detail, specific elements of cost
that make up the overall cost of the change.

3. Providing up-to-date cost data on plant components, materials, and
labor prepared by professional cost estimators in the nuclear field.

4. Providing a source of cost information for major structures,
systems, and components that can be used to estimate analogous
costs dealing with plant changes.

The user is advised to take some time at the outset of the project at hand to become
familiar with the structure and content of the EEDB so as to take full advantage of all
the data base has to offer.
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4.2 DIRECT PLANT COSTS

Direct costs are defined as all costs associated with factory equipment and site
material used and installed in the power plant, and the labor required for that
installation. The total direct plant cost includes the cost for land (20)*, expenditures for
structures and improvements (21), reactor and/or steam generating plant equipment (22),
turbine plant equipment (23), electric plant equipment (24), miscellaneous plant
equipment (25), and main condenser heat rejection systems (26). More detailed written
descriptions of what constitutes those major categories of direct costs are provided in
Appendix C.

4.2.1 EEDB Code of Accounts

The structure of the expanded code of accounts used in the EEDB equipment list
permits the degree of detail entered in the model to vary according to the amount of
information that is available and the level of precision desired in the estimate.
Consequently, mature estimates where considerable information is available, can be
detailed down to the "nine-digit" level, whereas less mature estimates can be detailed to
a lesser level of detail. Table 4.1 shows the significance of the various levels of detail,
as related to the information provided.

Studies of nuclear plant capital costs have shown that about 85% of a plant's
direct cost is tied up in six areas of plant cost. These are structural commodities, the
nuclear steam supply system, turbine generator unit, piping and duct work, electric plant
and instrumentaticn and controls, and cooling towers and condensers. Therefore the cost
of making major plant changes can be estimated to an acceptable level of accuracy if the
cost impact ~an be estimated for these six major areas of cost. The EEDB code of
accounts can assist in organizing the individual accouats that make up these major cost

areas and in aggregating these accounts to produce an estimated cost effect on each of
these areas.

Table 4.2 illustrates a typical aggregation of current capital costs for a
pressurized water reactor plant model at the "two-digit" account levels. Each account in
turn is disaggregated into factory equipment costs, site labor hours, site material costs,
and total costs. Each account can be detailed down to a nine-digit level, as mentioned
above and illustrated in Table 4.1 for a particular account. Figures 4.1 and 4.2 present
typical cost elements for a structure (waste processing building) and system (residual
heat removal system) within the accounting system.

4.2.2 Application to Regulatory Costs Estimating

Although the EEDB code of accounts system is set up to deal with new construc-
tion costs, this system is readily adaptable to estimating the costs for modifying plants

*The numbers in parentheses refer to the EEDB account numbers, as illustrated in Table
4.2,



TABLE 4.1 Cost of Accounts, Example of Levels of Detail

No. of No. of
Digits Account

2 26

3 262

4 2562.1

5 262.15

6 262,151

7 262.1511

8 262.15111

9 262.15i111

Name of Account

Main Condenser Heat Rejection
System

Mechanical Equipment
Heat Rejection System

Main Cooling Tower Make-up and
Blowdown System

Make-up Water System

Rotating Machinery

Make-up Pump and Motor

Make-up Pump

Function/Level

Hame /Account

Nasse /Sub-Account

Name/System

Name /Sub-System
Name /Sub-Sub-System

Clase/Equipment
Category

Class /Equipment
Sub-Category

Class/Component

Note: The final account, in this case the Sth digit, is the line item where speciflc equip-

went and material technical and/or cost information is recorded,

At levels above the 9th

digit, cost information is collected from lower level accounts snd recorded as the summation
Depending on the complexity of the system, or the level of
detail available, the final account may appear at any digit level from the 5th diglit to the

of the lower level accounts,

9th digit,

0L
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PLANT COOE COST BASIS
148 01/83
ACCT NO ACCOUNT DESCRIPTION

L R R R R R R R R R

211, Y ARDWORK

212. REACTOR CONTAINMENT BLDG
213. TURBINE ROOM + HEATER BAY
214, SECURITY BUILDING

218. PRIM AUX BLDG + TUNNELS
216. WASTE PROCESS BUILDING
217. FUEL STORAGE BLDG

2184 CONTROL RM/D-G BUILDING
2188 ADMINISTRATION+SERVICE BLG
2180. FIRE PUMP HOUSE,INC FNDTNS
218% . EMERGENCY FEED PUMP BLDG
218F . MANWAY TUNNELS (RCA TUNLS)
218G. ELEC. TUNNELS

218H. NON-ESSEN. SWGR BLDG.
2184. MN STEAM + FW PIPE ENC.
218K PIPE TUNNELS

218L. TECHNICAL SUPPORT CENTER
218M. MYDROGEN RECOMBINER STRUCT
218P. CONTAIN EQ HATCH MSLE SHLD
218S. HOLDING POND

2187 ULTIMATE HEAT SINK STRUCT
218V, CONTR RM EMG AIR INTK STR
2182. WASTE WATER TREATMENT BLDG

g% STRUCTURES ¢ IMPROVEMENTS

TABLE 4.2 (Cont'd)

FACTORY
EQUIP. COSTS
ssssssrssnne
358,366
2.841 174
536,285
75,000
2,952,069
580,642
934,564
1,574,364
Bt9 514
36,966

21,409

5,465

20,904

31,560

60, 000

4,102

41,093

10,943,477

SITE
LABOR HOURS

1008092 MH
3106289 MH
B876%u MH

§2788
789050
717526

304592

35 T & Ik

928204

261379

5

15469

126083

47736

z
-

1828
20581
394802
17653

19729

F T YT ¥ 3

7579

E
-

10277

9640 MH

£

308284
11034 M

17000 MH

9063311 MH

SITE
LABOR COST

ssss resevaee
17,001,262
57,948,001
16,875,251
1,002,638
14,692,969
13,230,414
5.697,3738
17,654 2329
4,938,553
292,225
2,736,550
851,286
36,592
385,157
7.425,639
313,248
364,145
138,215
187,707
173,763
5,603,492
186, 194

323,000

167,658,008

SITE
MATERIAL COST
TR

10,561,463
28,702,534
14,595,715
487,912
5,714 807
5.822,999
3,650,043
7,115,391
2,718,606
146,939
883,904
277,528
14,919
261,720
3.119.683
110,616
203,815
65,162
51,400

64 435
2,076,756
75,349

210,000

86,931 496

09/30/83
TOTAL
COSTS

casssssssssane
27,921,091
89,491,709
32,007,251
1.565,550
23,359,845
19,634,055
10,281,985
26,344 084
8,526,673
476,130
3,241,863
1,128,814
56,976
667, 781
10,576 882
427,864
827.760
207,479
239,107
238,198
7.721,3410
261,543

$33,000

265,532,981

L
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PLANT CODE COST BASIS
148 0o1/83

ACCT NO ACCOUNT DESCRIPTION
BRI ATAT SRR T PR RNPRBAB BN RRE R RN
241, SWITCHGEAR

242 STATION SERVICE EQUIPMENT
243 SWITCHBOARDS
244 PROTECTIVE EQUIPMENT
245 ELECY _STRUC +WIRING CONTNR
246 POWER & CONTROL WIRING
24 ELECTRIC PLANT EQUIPMENT
251, TRANSPORTATION & LIFT EQPT
252. AIR WATER+STEAM SERVICE SY
253. COMMUNICATIONS ZQUIPMENT
254 FURNISMINGS + FIXTURES
255. WASTE WATER TREATMENT EQ
- MISCELLANEOUS PLANT EQUIPY
261. STRUCTURES
262. MECHANICAL EQUIPMENT
a6 MAIN COND HEAY REJECY SYS

TOTAL DIRECT COSTS

TABLE 4.2 (Cont'd)

FACTORY
EQUIP,. COSTS

*sssssssnnacn
10,033,856
15,786,132

1,382,728

1.673.697

28,876,413

3,003,980
8,658,335
! 948,800
2,081 888

1.610,000

17,303,003

258, 105

21,707,969

2i,966,074

439,723,153

SITE
LABOR HOURS

LA R A R R L R RS

25880 M
128036 MM
16340 MH
132050 MH
1435863 MH

881430 M4

2619599 MH

58550

¥

£

1202063
192200 MH
27410 MH

82000 MH

1562223 MH

144576 MM

836464 MM

981040 MH

21375305 MM

SITE
LABOR COST

sessesesnsnne
510.894
2,525,728
322,860
2,625,100
28,318,482

17,522,474

51,825,538

1,187,324
24,353,632
3.820,858
538,886

1,558,000

31,458,700

2,650,503

16,211 175

18,861,678

413,924,019

SITE
MATERIAL COST

sssssenccnnne
78,326
347,067
123,632
1,648,138
4,936,615

9,933,784

17,067,562

475,539
4,843,273
585,348

61,852

5.966,012

1,372,577

2,280,283

3,652,860

142,225,358

09/30/83

TOTAL
COSTS

“sssessesssnne
10,623,076
18,658,924

1,829,220
4,273,238
33,25%,097

29,129,955

97,769,510

4,666,842
37,855,240
6,355,006
2,682,625

3,168,000

54,727,715

4,281,185

40,199 427

44 _4B0 612

995,972,530

L



PLANT CODE

148

$CCT NO

Frrs s g

COST BASIS
o1/83

ACCOUNT DESCRIPYION

SesenessssertasseRRsssrEEY
TEMPORARY CONSTRUCTION FAC
CONSTRUCTION TOOLS & EQUIP
PAYROLL INSURANCE & TAXES
PEP <ITS.INS. 8 LOCAL TAXES

TRANSPORTATION

CONSTRUCTION SERVICES

HOME OFFICE SERVICES
HOME OFFICE O/A

HOME OFFICc CONSTRCTN MGMT

HOME OFFICE ENGRG.SSERVICE

FIELD OFFICE EXPENSES
FIELD J0OB SUPERVISION
FIELD QA/QC

PLANT STARTUP & TEST

OFFICE ENGRGASERVICE

INDIRECT COSTS

BASE COST

TABLE 4.2 (Cont'd)

FACTORY SITE
EQuUIP COSTS LABOR HOURS

6990000 MM

425000 M

T4 15000 MH

62000

600000

350000

1012000

. 000 8427000 MH

2980230%

SITE SITE
LABOR COST MATERIAL COST
LA R R B R R R R R RN IR R R R R R B E B R BN
135,200,000 28,800,000

8,200,000 62,900,000

92,700,000

143,400,000

15,700,000

109, 400,000

09/30/83
TO1AL
cosSI1S
IR R EEEEEEEEE RN
164,000,000
71,100,000

96,000,000

2,000,000

333,100,000

319,000,000
10, 400,000

4,850,000

325,250,000

16,880,000
304,150,000
25, 150,000

15,500,000

361,680,000

1,020,030,000

2 016,002,530
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under construction and operating plants. The accounts system ccntains all features of
the plant and thus can be used to identify the ne>ded materials, equipment, ete., to
satisfy the design changes resulting from the requirement. The use of the EEDB code of
accounts to locate specific cost elements in the EEDB and to apply the EEDB cost
figures to a regulatory cost estimate is demonstrated in Chapter 6 of this handbook,
where a specific example cost estimate is carried out.

Special attention is required in the application of the EEDB cost information
when dealing with the quantity of field craft labor needed to perform a task. The time
and difficulty involved in backfitting an existing plant is different from that involved in
building a plant from seratch, so the labor hours and costs assumed in the new
construction process will need to be scaled to reflect this difference. The labor hours
specified in the EEDB for a certain activity already takes into account some amount of
rework hours that typically occurs during construction up to about the 70% construction-
completion stage. Therefore, when dealing with plants at or before this stage, the labor
hours requirements need not be adjusted for rework of hardware or systems. If, however,
the requirement involves a major structural modification even at or before the 70%
complete stage, the cost for reworking the structure should be estimated separately.
Beyond the 70% stage, rework labor should be estimated on a case-by-case basis. The
use of a labor-cost value for an analogous activity found in the EEDB would be
appropriate. However, if a change occurs during the middle stages of construction, the
change may require rework of existing structures or systems at the site, refabrication of
equipment, reduced labor productivity due to congested work areas, ete. All of these
activities will drive up the cost of implementing the changes beyond that identified in
the EEDB. For example, a requirement may call for existing piping to be removed and
replaced. To accomplish this, other materials such as cables and cable trays may have to
be removed, thus causing rework in these other areas as well. Reports have shown that
rework can add 10-35% to the labor cost of a modification at a plant that is more than
70% complete. At a national average rate of $19/hr, this could result in additionai labor
costs of $70,000 for a task that would normally require 10,000 labor hours.

Equipment cost will not be greatly affected if changes occur to designs of
equipment where fabrication has not yet started. However, if equipment fabrication has
started, and the equipment has to be modified, the results are higher costs anu delays in
delivery. Even worse, if the fabricated equipment has been installed, then modification
will cause on-site rework, and the equipment may have to be replaced, which will lead to
further cost and delays.

Rework in an area of the plant that is near completion must be performed under
congested conditions, sometimes where only one or two workers can fit. Reports have
shown that overcrowding can result in an estimated 10% reduction in labor productivity.
Because walls, supports, and large pieces of equipment may already be installed, the
installation of a new large component may require that the component be brought in
unassembled and fabricated in place.

The type of structures and equipment to be modified also affects the costs. For
seismic Category | structures, the work will likely be more complex and require more
time and materials than similar modifications on a nonseismic Category I structure.
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Typieal costs for both seismic and nonseismic Category I structures can be found in the
EEDB.

The type of equipment under modification also determines the difficulty and
extent of the construction work needed. The difficulty of the work, the equipment and
materials needed, the type of labor required, and the time required all depend on whether
the modification involves the reactor plant or the turbine plant or the electrie plant,
ete. For example, safety-grade equipment requires a more stringent quality control
program with more inspection than nonsafety-grade equipment. Changes to some
buildings result in greater costs than others. Some buildings are more congested than
others, thus making changes more difficult, e.g., the containment building versus the
turbine building. Safety-related structures, such as the containment building, require
more stringent quality control programs, thus adding to the costs. Moreover, seismic
Category | structures require more materials than nonseismic Category | structures
(thicker walls, more rebar, deeper foundations).

An understanding of the cost effects of design changes is best gained when costs
can be presented at a high level of detail. This level of detail, however, varies with the
scope of the design change as well as the plant construction status. For example, if plant
changes are comprehensive and occur early in the plant construction schedule, then
costing guidance may be found in the fact that the six costing items discussed earlier
comprise about 85% of a plant's direct costs. Any major redesign would likely affect
most or all ¢f these six items. Estimating the costs for changes in these six areas could
form the basis for a first order cost estimate. If the overall change involves several
small changes, then the above approach would not be detailed enough to identify these
changes and cost them. Thus, a more detai ed breakdown of costs, such as the EEDB, is
required.

As construction progresses, changes in design become more capital intensive.
That is, labor is needed not only to install the new equipment but to remove the old
equipment. Thus, a cost accounting system such as the EEDB, which disaggregates the
capital costs of an item into its labor, materials, and equipment components, can provide
more useful guidance. As construction nears completion, the cost of a design change is
very dependent on the equipment already installed in an area, its configuration and
congestion, and construction completion date. Guidance on costing this complex
situation may, in addition to the above, require the use of detailed drawings, PERT/CPM
documents, and the systems turnover schedule.

One particularly valuable application of the EEDB technical and cost information
is in estimating the cost of a complete structure or system when an analogous structure
or system can be found in the EEDB. The EEDB includes technical descriptions of all
structures and systems in the data base, which will allow the user to match systems or
structures as a whole and to identify the total cost without detailed costing of the
components. The user is cautioned, when using this technique, to match or prorate all
important aspects of the EFDB system or structure to the user's system or structure.
This includes such aspects as seismic category, safety class, need for rework, building
volumes or surface areas, system capacities, redundancy requirements, etc.



80

4.3 INDIRECT PLANT COSTS

Indirect costs are defined as all costs associated with the engineering and design
of the power plant, as well as tools, equipment, temporary structures, and services
required to construct the plant. The total indirect costs include expenditures for
construction support activities, home office and field office engineering services, and
construction management. Stated another way, indirect costs may be viewed as costs for
materials, equipment, and labor needed to support construction of the power plant, but
which are no longer needed once the plant is operational.

The indirect cost accounting method presented here is based upon the EEDB code
of accounts as a guide for the distribution of indirect costs. These costs are contained in
Account 91, Construction Services; Account 92, Home Office Engineering Services; and
Account 93, Field Office Engineering and Services. NSSS vendor engineering is addressed
in accouni 2208, NSSS Options are accounted for, as are all vendor engineering costs, as
direct costs. Appendix D provides more detailed descriptions of accounts 91, 92, and
93. To aid the user in understanding the complex process of design and construction,
models for the Architect Engineering A-E*, Nuclear Supplier Engineering (NSSS), and
Construction Management sectors have been developed and are presented in the
following sections.

4.3.1 A-E Sector

The process by which the A-E sector carries out its design and engineering
functions is an iterative decision-making process depicted graphically in Fig. 4.3. This
process is centered around two phases:

1) Preliminary Assessment Phase

Determining whether the new requirement affects the client's
nuclear project, and if so, preparing a recommendation to the
client (utility).

2) Detailed Design and Procurement Phase

Enacting engineering changes and procuring necessary equipment
to accomplish the changes.

Tne following discussion explains this process.

*As stated previously, the breakdown of responsibility for design and construction in an
A-E sector, NSSS sector and a construction management sector is done for bookkeeping
purposes only. Some utilities perform their own engineering and design as well as
construction.
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LIST OF ABBREVIATIONS FOR FIGURE 4.3

Nuclear Regulatory Commission
Nuclear Steam Supply System Vendor
Utility

A-E Cost Engineering
Home Office Construction Management
Do:ument Control Center
Designers/Draftsmen
Expediting Personnel
Project Engineering Manager
Project Licensing Engineer
Procurement Personnel
Senior Discipline Engineer
Site Engineering
Quality Assurance Engineering



4.3.1.1 Preliminary Phase

For new plants, plants under construction, and operating plants, the flow of
preliminary activities is generaily similar, the primary differences being:

1) areview of the preliminary design changes by site engineering and
construction management is required only when construction is
underway; review by the operations management is required only
when the plant is in operation, and

the A-E's chain of activities must be initiated by the utility for
operating plants.

It must be noted, however, that although the activities are the same, the costs to carry
out these activities may not be the same. The costs increase with percentage of plant
completion because acceptable design solutions become more difficult to find once other
equipment is installed in and around the area of a design change.

The chain of events is initiated either by a request from the utility to the A-E to
review a new NRC document for all of the utility's plants, or upon direct receipt of the
document by the A-E (plants 0-100% complete), (see area marked Preliminary on Fig.
4.3). Typically, the new NRC requirement is reviewed by the project licensing engineer
assigned to the nuclear project, who determines its appiicability to the project. His
recommendation is forwarded to the project's engineering manager, who determines
which engineering disciplines are affected. If necessary, specialty technical groups
(groups that typically perform such activities as seismie, radiological, and blowdown
analyses) outside of the project group will be called in, as well as the NSSS vendor. A
key factor in estimating the cost of the new requirement occurs at this stage. That is,
the greater the number cf engineering disciplines and specialty groups affected, the
greater the cost, as more man-hours are expended. For example, a requirement involving
the determination of seismic response spectra will affect the design of every structure,
piping run, cable run, ete. On the other hand, a requirement affecting the placement of
alarms and annunciators in the control room may affeet only [&C and electrical
engineering disciplines.

For those projects under construction or in operation, input wili also be solicited
from site engineering and home office construction management. As noted previously,
the further along construction is, the greater the number of man-hours required in
finding acceptable solutions. This is because of physical space requirements and
construction sequence requirements. For example, installation of new equipment may
involve removing and reinstalling equipment that blocks access to the location of the new
equipment. For plants in operation, design consideration must also be given to
minimizing radiation exposure to site laborers during installation and to minimizing plant
downtime.

Unce an engineering response is formulated it is reviewed by all affected
parties. The review process is iterated by these parties until an acceptable solution is
formulated. A recommendation is made to the client advising what general design

changes need to be made, if any, and at what approximate cost.

(oS
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Two examples will illustrate the range of man-hours expended during the
preliminary phase as a result of new or revised regulatory actions.

Revision 3 of Reg. Guide 1.70 (SAR Format Guide) asks for the design that will
be used to meet the criticality accident monitoring requiren.ents of 10 CFR Part 70
Section 70.24 for the storage of new fuel. Froviding guidance to Section 70.24 is Reg.
Guide 8.12, which basically adopts ANSI N16.2 with minor upgradings. The above
regulatory material was reviewed according to the flow path of activities shown in Fig.
4.3 for the preliminary stage. After approximately 200 man-hours, a recommendation
was made to the client that no new monitors were required.

By comparison, when Reg. Guide 1.120 "Fire Protection Guidelines for Nuclear
Power Plants" was put forth, approximately 20,000 man-hours were expended in the
preliminary stage. When Appendix R to 10 CFR 50, "Fire Protection Program for
Nuclear Plants" was issued, a roughly equal number of man-hours was expended in the
preparation of specific recommendations for plant desig ' changes.

4.3.1.2 Detailed Design and Procurement Phase

The flow of activities for this phase is similar for all plants, except for a review
of the detailed design changes by site engineering and construction management for
plants uader construction, and by operations management for plants in operation. As
with the preliminary phase, the flow of activities may be similar, but costs increase with
the percentage of construction that is complete.

Once client approval of the preliminary design changes is received by the
project's engineering manager, the aff- 'ted engineering disciplines perform the detailed
engineering changes via analyses und re-design (see area marked Detailed in Fig. 4.3).
These design changes are reviewad by all affected parties, inciuding site engineering,
home office construction management, quality assurance engineering, and the NSSS
vendor, where necessary. As in the prelimirary stage, costs increase with the number of
engineering disciplines and specialty groups affected.

Detailed design is an iterative process with review sessions, comments, revised
designs, and more reviews being held until a satisfactory design is achieved. For plants
under construction, any satisfactory design must minimize construction schedule delays.
The further complete a plant is, the more complicated this task becomes due to the
consideration of equipment and materials already installed in and around the area of the
change. For plants in operation, desigr consideration must also be given to minimize
radiation exposure to craft laborers during installation of equipment and materials and to
minimize plant downtime.

The approved changes are then incorporated into the engineering drawings Dy

draftsmen, and these drawings are then reviewed by the appropriate engineering

isciplines as well as by quality assurance engineering. Review is iterated until any
problems are resolved. The approved design changes are then sent to cost engineering,

which evaluates the cost of the change for the site construction management.
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The examples of criticality accident monitors and the fire protection program
considered earlier illustrate possible ranges of A-E manhours expended in the detailed
phase. Because the recommendation of no additional eriticality monitors was accepted
by the client, nc man-hours were expended by the A-E during the detailed stage. On the
other hand, client concurrence that design changes were needed for fire protection to
meet 10 CFR 50 - Appendix R resuited in approximately 40,000 man-hours being
expended for detailed design changes.

At the same time that the design drawings are being revised, the affected
engineering disciplines revise the procurement specifications for the affected equipment
or write new ones. These are transmitted to procurement personnel to purchase the
equipment. Additiona! costs may be incurred at this time due to vendor construction
changes, or costs may be encountered to change equipment that is already in
fabrication. Next, expediting personnel track the equipment and advise construction
management of delivery dates.

Examples of the costs incurred at the procurement stage are typified by the
Contro! Room Human Factors Review and the Fuel Cask Handling Crane. One of the
requirements of NUREG-0700 was that cortrol room panel arrangements be reviewed
from a human factors standpoint. Although this requirement was put forth before the
control panels of one plant were completely fabricated (they had been completely
designed, however), the review resulted in changes to many of the major control room
panels. The total cost for this review and subsequent changes was approximately $2.5
million, of which $1.5 million was due to additional procurement costs. Moreover,
schedule delays resulted from the extended delivery dates for the revised panels.

On the other hand, when NUREG-0554 was issued, the fuel cask handling crane
for one plant had been completely fabricated and delivered. The new requirements
necessitated a complete redesign of the crane. Because of the extensive changes, little
hardware from the original crane could be salvaged. The modification cost essentially
amounted to the cost of a new crane, approximately $1.5 million. Additionally, changes
were required to the structural steel due to higher crane loadings, and construction
delays were experienced.

4.3.2 NSSS Sector

The flow of the NSSS sector engineering activities is similarly to that of the A-E
sector for all stages of plant completion with the exception that the NSSS vendor
actually manufactures part of the nuclear steam supply system in addition to procuring
equipment from other vendors. (See Fig. 4.4, "NSSS Engineering Logic Flow.")
Therefore, the earlier discussion of the A-E sector is applicable to the NSSS engineering
with the following exceptions:

1) During the preliminary and detailed phases, input from the NSSS
manufacturing facilities is requested on problems dealing with
retooling, production delays, manufacturing limitations (both
technical and material supply), and make/buy decisions.
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LIST OF ABBREVIATIONS OF FIGURE 4.4

Architect-Engineer
Nuclear Regulatory Commission
Utility

NSSS Cost Engineering
Home Office Construction Management
Document Control Center
Designers/Draftsmen
Expediting Personnel
Manufacturing Personnel
Project Engineering Manager
Project Licensing Engineer
Procurement Personnel
Senior Discipline Engineer
Site Engineering
Quality Assurance Engineering
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2) .aput is obtained from the A-E during the preliminary and detailed
phases of NSSS equipment. (In the A-E Sector, input was obtained
from the NSSS vendor.)

3) After changes are agreed to, specifications are sent to the NSSS
procurement group to send out to vendors, and/or to the NSSS
manufacturing facilities.

As with the A-E sector, costs are a function of the number of engineering
disciplines involved. For exampl:, changes due to revised asymmetrical loads require
analysis and redesign of many NSSS and A-E systems, suppcrts, and pieces of equipment
both mechanical and electronic. These analyses would involve engineers and scientists
from numerous disciplines, the manufacturing facilities, and the A-E. It should be noted
that when input is required from the A-E it may involve several of the A-E's engineering
disciplines, and thus many A-E man-hours may be required. On the other hand, a change
in the location of a control room annunciator within the NSSS scope ¥ supply may affect
only the NSSS engincering disciplines.

As with the A-E sector, costs also increase significantly witn the project
completion status even though the flow of activities remains essentially the same.
However, large costs can be incurred earlier by the NSSS sector as manufacturing of
major NSSS components usually hegins immediately after award of the NSSS contract.
Therefore, a regulatory change that may require the redesign of a major auclear
cornponent after fabrication has started could be a very costly change. It bears noting
that the redesign of a component after fehrication has started may require a redesign of
the whole manufacturing process including retooling (such as redesign and
remanufacturing of stamps, dies, and castings), retraining of shop personnel, and loss of
materials already utilized. There is also the cost of the labor required for the abuve as
well as the resulting rescheduling of the manufacturing equipment usage so as to attempt
to meet all contractual obligations.

Once components are delivered to the site (or worse, installed in the plant),
changes to NSSS components can be extremely costly and difficult to redesign due to the
massive size and weight of the comronents. Thus, changes may have to be "add-ons" in
an area (such as the NSSS cavity) that is already crowded. For example, the addition of a
pipe whip restraint in the NSSS cavity after major components were installed required
the hand chipping of several cubic yards of concrete (so as to not disturb embedded
reinforcing steel), the use of special air vacuums and filters to minimize conerete dust,
additional labor and materials, and the rescheduling of other construction work planned
in that area. This type of activity could affect the entire plant construction schedule.
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4.3.3 Construction Management Sector

4.3.3.1 Discussion of Mode!

The construction management sector consists of all the construction manage-
ment activities normally controlled by the construction manager. These include
management of direct costs in the form of site labor and site material as explained in
Sec. 4.2, and the indirect costs as explained in this section.

The major activities involving the construction management costs include (at the
two digit level):

91 Construction Services (temporary facilities, equipment)
92 Home Office Engineering and Services (construction management)
93 Field Office Engineering and Services (Supervision, QA/QC).

The two- and three-digit code of accounts for tnese costs are presented in Sec. 4.2, Table
4.2, sheets 1 and 5.

Five major activities are typically performed by the construction management
sector. The first four of these apply to all stages of plant completion, while the final
action (Plant/Subsystem Testing) is only applicable to plants in operation or ne:rly
complete. The five major activities, in chronological order, are:

1) Plan Installation Procedures

2) Procure Equipment

3) Perform Modification/Installation

4) Inspect Hardware

5) Test Systems and Sbsystems

Figure 4.5 provides a gruphical representation of the construction management
activities and their associated cost elements. Costs for each of the activities (action
nodes) depends on various factors that define the scope of the work to be done. These
include:

1) At what stage is the plant construction:?

2) Will work be done on Structures (Account 21) or Equipment (22-26)
or both?

3) Will the work require mocification or installation (or both)?
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If the work is required on structures, are the affected structures in
a seismic or nonseismic category?

5) If the work is on equipment, is it Account 22, 23...or 26?
6) Does it require work in a radiation environment?
7) What is the scope of the work to be done?

Each of the cost elements under the action nodes car be determined by the answers to
these seven questions. Once these cost elements are defined, the cost estimates can
then be obtained.

The following sections explain the action nodes and their respective cost
elements, and how the factors presented above affect the costs.

Plan Installation Procedures

This activity is done in conjunction with the utility, A-E, and nuclear supplier
sectors and involves specifying the work to be done at the plant site. This includes
developing the construction work schedule, detailing procedures defining equipment and
materials needed for construction purposes, and specifying the labor required. The costs
in this segment are assigned to the construction management and engineers who are
responsible for detailing the work procedures (Account 923).

This activity is especially significant because it defines the scope of the entire
construction effort. The actual construction costs that will be faced are determined by
the decisions made at this stage of the operation, because all of the cost elements are
defined here.

Procure Equipment

After the construction plan has been worked out, the construction equipment and
site materials neerded to perform the modifications are procured (this does not include
factory equipment that is incorporated in the A-E and NSSS sectors). This stage includes
the actual costs of equipment and materials, preparation of the bid packages, evaluation
of proposals, and preparation of the purchase orders. This also involves the services of
the construction managers (923) in conjunction with the utility and A-E sectors.

The construction equipment includes temporary construction facilities and
construction tools and equipment from the 911 and 912 accounts. The site materials
costs are primarily from the 200 accounts, and are those direct costs described in
Chapter 4.2.

The equipment may be bought or leased, and some of the necessary equipment

and materials mayv already be on the site (especially if the plant is still under
construction).




Perform Modification/Installation

This action nnde is where the costs of construction management and labor
supervision directly associated with the construction process are assigned. For the
construction sector these are:

Construction Manager (923)

Field Job Supervisor (932)

Field Quality Assurance/Quality Control (933)
Payroll Insurance, Taxes (913)

Most of the cost from this action results from the field supervision. These costs are
greatly affected by the scope of the work, mostly because the costs of this sector depend
on the length of the construction schedules and where the work is to be done.
Management costs vary considerably depending on what type of work is to be done,
whether it is on structures or equipment, and the types of structures and equipment.

Inspect Hardware

The NRC requirement may include inspecting existing hardware, or inspecting
the modification(s) just completed. This involves essentially the same rost elements as
the previous action. If this is a necessary action, it adds to the cost of those elements
(construction manager, field job supervisor, QA/QC) an appropriate amount of man-hours
and increases the construction schedule length. This activity is done jointly with the
utility and the A-E, and is heavily affected if the inspection needs to be done in a
radiation environment. Much of the work may involve removing equipment. to be
inspected and then replacing the same equipment.

Plant/Subsystem Testing

This activity invoives the testing of components, systems, or the entire plant
following modifications to plant hardware. The scope of the testing requirements is
determined at the construction planning stage and can include the full spectrum of
testing possibilities from testing only individual components to testing subsystems,
systems, or even the entire plant if the modifications were extensive and involved an
operating plant.

4.3.3.2 Cost Accounting in the Construction Management Sector Model

Costs are primarily incurred in the following accounts:

® Account 911 - Temporary Construction Facilities
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® Account 912 - Construetion Tools and Equipment

e Account 913 - Payroll Insurance, and Taxes

e Account 923 - Home Office Construction Management
e Account 931 - Field Office Expenses

e Account 932 - Field Job Supervisor

e Account 933 - Field QA/QC

® Account 934 - Plant Startup and Testing

4.3.3.3 How Scope of Work Effects Cost Elements

The scope of construction work is affected by the factors stown in Fig. 4.5.
These factors define the extent of the ennstruction work to be performed, and directly
affect the magnitude of the cost elements of the construction sector.

Percent Completion

Three phases of plant status have been described for this guide. The construction
status affects the procurement of equipment and materials and the difficulty of
modifying or installing the necessary structure and equipment. If a plant is still in the
construction phase, the temporary facilities (911), the tools and equipment (912), and
much of the materials may already be at the site, so this cost may be minimal.

The cost of modifying a plant changes with the percentage of the plant that is
completed. During the early stage of construction, much of the equipment and
structures are not instalied and the modification costs are the difference between the
original construction and the new construction costs. If the structures and equipment are
already in place, as is likely later in construction, the modification or installation may be
more difficult, and may require differen’ operations and more complex cost estimating,
especially in calculating the craft labor.

Structures/Equipment

Whether the modifications or installations are performed on structures or
equipment or both affects the type of work required. The equipment needs, material
requirements, time span, and type of labor necessary to work on structures is different
than those for equipment. These are affected by whether the modification is
prefabricated or needs to be built on site.
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Not only must the equipment or structure being changed/reworked be considered,
so must other equipment already installed. Often equipment coverings, semi-permanent
shielding walls, and high powered vacuums to eliminate concrete dust are required.

Modification/Instaliation

Whether the job requires modification of existing structures/equipment or
installation of new structures/equipment will determine both the materials needed for
construction and the eraft labor types. In many cases, construction of new structures
requires less time and costs than modifying existing structures. Modifying or installing
equipment may be the most difficult when a plant is complete or nearly so, because
working in a confined area may require removing and replacing equipment other than
that directly affected by the requirement. Modification of installed equipment/
structures may cause increases in commodities as well, due to the rework made
necessary.

Radiation/Non-Radiation

This is only applicable to operating plants. If the work is done in a radiation
environment, the type of materials needed (radiation shielding and measurement equip-
ment), the quality of labor, and the level of supervision needed increases the costs of the

modification. For work in a radiation environment, time lost in the preparation of
workers will be increased, up to two hours before and two hours after the work is done.
Because of dose limits, more workers may be needed and each must be instructed and
briefed for the task. Except for replacement energy costs, this factor may have the
greatest single impact on the increase in costs cf modifying a plant that is in operation.

4.3.4 Aggregating Indirect Costs

The aggregation of indirect costs using the EEDB codes of account as a guide for
the three sector models is as follows:

Home Office Services, with four exceptions. NSSS Vendor Engineering
is account 220B, Quality Assurance Engineering 's account 922, Home
Office Construction Management is account 923, and Site Engineering
is part of account 932 - Field Job Supervision.

A-E Sector Model - Cost are predominately centered in Account 921-

NSSS Sector Model Costs incurred are considered in Aceount 220B,
NSSS Options, with the exception of A-E Engineering, for which costs
would be distributed as above.
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5 COST ACCOUNTING METHODOLOGY

Preceding chapters of this handbook have dealt with the methods that are used
to: 1) identify the activities that incur costs in implementing generic requirements, 2)
identify the specific cost elements that are necessary to carry out the action and which
must be estimated, 3) characterize the costs as one-time or periodic (including
continuing) costs, and 4) organize these costs into a consistent accounting structure so
that costs can be aggregated. This chapter provides guidance on how the one-time and
periodic costs can be combined to arrive at a present value, total lifetime cost estimate
for the requirement. It is on the basis of the present value of the total lifetime cost that
regulatory alternatives can be compared and cost/benefit comparisons can be made.

Figure 5.1 illustrates that the present value of the total lifetime cost is the sum
of two cost components: 1) total capital cost and 2) total lifetime periodic cost. Each of
these two components is expressed as a present year total dollar cost, i.e., in constant
dollars wherein all future costs are discounted to arrive at a present value estimate. It is
preferred that all costs be expressed in constant dollars as it permits the user to choose
appropriate future inflation rates and discount rates in order to arrive at a present-value
cost estimate. A present-value cost estimate is required when regulating alternatives
are to be compared &nd cost benefit comparisons are to be made.

\$ a general proposition, all costs must be expressed in the same year's dollars,
and brcught to the same point in time. Typically the year in which the analysis is being
performed is adopted as the year of interest since this is when the regulatory decision
will be made. Thus, if the regulatory analysis is being prepared in 1985, all costs should
be expressed in 1985 constant dollars. All future costs should be discounted back to 1985
and all estimates of cost obtained prior to 1985 should be escalated to 1985.

To perform these adjustments in cost, the analyst must know three parameters:

e the discount or escalation rate
e the time period over which the adjustment is to be performed
e the amount of money or value that is to be adjusted.

5.1 AGGREGATING CAPITAL (ONE-TIME) COSTS

As stated previously and as illustrated in Fig. 5.1, the total capital cost is the
sum of the direct and indirect costs. Having identified and costed all of the one-time
costs for each of the plants affected by the requirement plus all of the nonplant-specific
costs, the total capital cost can be evaluated simply as the sum of these individual plant
costs plus the generic costs, provided all of these costs are expressed in terms of the
same year dollar. This is typically the case, since estimates of labor rates, equipment,
materials, etc., are easiest to obtain for the present-year market conditions.

If however, the cost estimates are not expressed in dollars representative of the

year of interest, than the capital costs must be adjusted. This is done through the
formula:
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FIGURE 5.1 Total Present Value Lifetime Cost Coriponents
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FC=C(1+0"

where:

o
"

capital cost expressed in present year's dollars
equivalent future value (year of interest)
inflation rate as a decimal

number of years between the current year and the future year of
interest

FC

"

= IR
" 1]

For example, if it is desired to express the cost of implementing a requirement in
1988 dollars but the costs have been estimated on the basis of present (1984) costs and
have a total value of $10 million, and the inflation rate is assumed to be 5%, the 1988
cost estimate would be:

Costyggg = $10 x 105 (1 + 0.05)*

o 6

Note, the inflation rate of 5% in this example corresponds to one's perception of general
inflation. If one expects these particular capital costs to increase faster than the rate of
general inflation, than the capital cost must also increase by that rate of growth. Thus,
for example if general inflation is 5% and real escalation is assumed to be 3%, than the
capital cost must be adjusted by an 8% rate of growth.

The same formula is used to estimate the present cost of an item whose cost was
previously estimated. An important rule to remember is that expressing a total cost in
terms of a single year's dollar requires that all of the components of the total cost also
be expressed in terms of that year's dollar.

5.2 AGGREGATING PERIODIC COSTS

The evaluation of the total lifetime cost of a requirement that contains periodie,
or continuing, costs as part of the cost estimate requires that these periodic costs be
summed over the plant lifetime. This summation cannot be done directly since the costs
are incurred at different points in time and may be subject to escalation. First, all costs
should be expressed in constant dollars commensurate with the year of interest. If each
year's costs are given in current dollars, the costs can be converted to constant dollars
using the formula in Seec. 5.1. Then the future cost stream must be discounted back to
the year of interest by applying a real discount rate. Note, that since all costs are
already expressed in constant dollars, the discount rate Jdoes not have to include a factor
for nominal changes in the value of the dollar due to general inflation. This is what is
meant by a real discount rate.

The real discount rate is the real rate of return on investment after adjustments
for inflation have been taken into account. Because future rates of in‘lation are difficult
to predict and are :wbjeet to much speculation; cost calculations are often done in
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constant (inflation-free) dollars. In such calculations, it is appropriate to use a real
discount rate. The analyst should be aware that the real rate of return on investment
end therefore .he real discount rate is determined by many factors related to financial
risk and competing need for capital.

For the purposes of calculating the estimated total lifetime present value of a
requirement, NUREG/BR-0058 stipulates that a discount rate of 10% be used. Other
discount rates may also be used to test the sensitivity of the analysis, and therefore it is
recommended that a value of 5% also be included in the sensitivity assessment.

When discounting a stream of periodic costs, the lump sum, present value can be
calculated using the following annuity formula:

n .
pv=c, (24l -5
a1 + )"
wnere
Cp = constant dollar periodic cost
d = the real discount rate
n = the number of periods over which the costs recur.

Alternatively, if future costs are more irradic (e.g., vary in magnitude from period to
period), it is necessary to calculate the present value of each future cost period
separately.

The following basic formula can be used to determine the present value (PV) of
an amount (Ft) at the end of a future time period:

FL
PV = ———
(1 + )"
where

d = the real annual discount rate (expressed as a decimal)

n = the number of years in the future in which the costs occur.

Two rule-of-thumb approximations that the user may find helpful in evaiuating
the present value of a future cost are the rules of 72 and 35. These rules state that the
discount factor -- (1 + d)" -- is 2 when the product of rate, expressed in percent, and
number of years is 72 and is 1.4 when the product is 35.

5.3 TOTAL PRESENT VALUE LIFETIME COST

The present value of total capital cost from a requirement plus the present value
of all non plant-specific costs and the present value of all periodic costs summates to the
Total Present Value of the Lifetime Cost.
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6 COST ESTIMATE EXAMPLE: TECHNICAL SUPPORT CENTER

6.1 INTRODUCTION

This final chapter of the handbook presents, as an example, the procedure for
estimating the cost of implementing a recent NRC requirement throughout the nuclear
industry. The purpose of including this example estimate is to illustrate to the analyst, in
a step-by-step fashion, the use of the models, methods, and cost references presented in
the previous chapters. The NRC requirement selected to illustrate the estimating
process is the Technical Support Center (TSC) requirement, an outgrowth of the TMI-2
accident evaluation. The basic NRC requirement and schedule for its implementation is
included in NUREG-0578, entitled "TMI-2 Lessons Learned Task Force Status Report and
Short-Term Recommendation,"” published July, 1979. The detailed requirement is
promulgated in NUREG-0696, entitled "Functional Criteria for Emergency Response
Facilities", published in February, 1981.

A graphical display that portrays the implementation of the TSC for a typiecal
plant was developed from the general model presented in Chapter 2, and is included as
Fig. 6.1. The display consists of the appropriate flow path through the decision nodes
leading to the series of appropriate "functional responses," needed to implement this
requirement, based on the assumptions discussed below.

6.2 ASSUMPTIONS

To develop the graphical model for the implementation of the TSC requirement,
the following assumptions were used:

1. The reference plant to be analyzed is an operating plant responding
to the requirement.

2. Since the plant is aiready built, a separate structure was built to
house the TSC, which could also be utilized for other purposes.

3. All construction would take place in a nonradiation environment.
4. Construction of the facility would not interfere with the normal
operation of the plant, therefore no replacement power would be

necessary.

5. No increase in nonoperating or operating and maintenance staffs
would be required.

6. Plant availability and reactor rating would not be significantly
affected by the construction of the TSC.
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6.3 FUNCTIONAL RESPONSE FLOW PATH

For the purpose of this example, it is assumed that at leest initial preparation of
draft regulations and NUREG-0696 have occurred, so the implementation of the
requirement starts with functional responses (FR) 1, 2, and ., and then proceeds to
notification of licensees, FR 4 and 5 (for FR 1-3, the costs have been prorated or
estimated on a per-plant basis).

In the case of TSC requirements, the NRC held several meetings at various
locations throughout the United States to explain the details of the requirements. The
logic flow through FR 6 and 7 represents this process, and the cost of FR 6 has been
prorated for an individual plant.

Inasmuch as all U.S. plants were involved, a request for OMB clearance is
required (FR 8). Here again, the cost was prorated for an individual plant. The logic
flow then progresses through solicitation of responses, FR 9 (opticnal) and FR 10, and
then to preparation of responses, FR i1, and a question and answer phase, FR 12 and 13.
The cost of FR 10 has been prorated for an individual plant.

For this example, the TSC requirement necessitates new design and construction,
so that the logic flow moves to conceptual design and budget estimation, FR 14 and 15,
then to the detailed design phase, FR 16, and to reliability analysis, FR 17, which results
from the data system availability requirements. The next step is FR 18, for the
procurement of materials and equipment.

The flow then proceeds through the NRC design review and SER preparation
phases, FR 35, 36, 37 (optional), and 38, and through the construction planning and
nonradiation-environment construction phases FR 19, 20, and 21.

Since the TSC is required by 10 CFR 50, a license amendment may be required,
which leads next to FR 42 and 43, and then to the NRC inspection of the utility's
hardware, FR 44 and 45.

To support the requirement for readiness testing, the logic flow then proceeds to
procedures preparation, testing of systems, revision of training manuals, and staff
training, FR 29 through 32, and initial and periodic inspection, FR 22.

The flow then proceeds to the development of software for the data system, FR
23, and finally to record keeping and reporting, FR 24 and 25.

6.4 TSC EXAMPLE SCHEDULE

Following cevelopment of the logic flow diagram, a schedule is prepared to assist
in developing the cost estimates of the associated functional responses. The schedule is
essential to permit a determination of the magnitude and distribution of the hours of the
various personnel categories required to perform the project.

Figure 6.2 is a schedule of the design, engineering, and construction phases of the
project. As indicated in the figure, the overall design, engineering, and construction
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schedule for the TSC example consists of an overall estimated duration of 43 weeks,
which starts with FR 11 (preparation of responses to the NRC) and ends with systems
tests, FR 30. It includes a 15-week preconstruction phase and a 26-week construction

phase, followed by two weeks of inspection and testing.

The following tabulation provides a summary of the schedule:

Functional Start - Complete -
Response Beginning of Week End of Week

FR 11 1 2
FR 12% 3 5
FR 13 6 7
FR 14 3 7
FR 15 7 7
FR 16 8 15
FR 18 10 13
FR 19 12 15
FR 20/21 i6 43
FR 23 38 41
FR 22 42 42
FR 30 43 43

6.5 TSC EXAMPLE COST ESTIMATE

To deveiop a cost estimate for any NRC requirement, the following steps have
been identified:

1. Develop a specific logic flow diagram from the generic mode! uf
Chapter 2.

a. Identify functicnal responses required.
b. Identify cost elements required.

2. Determine costs and/or rates for each of the required cost
elements.

a. From various references identified in Chapter 3.

b. Labor rates must include allowances for fringe benefits, pay-
roll taxes, insurances, overhead, profit and expenses. Some
craft labor rates and allowances may be obtained from the
references in Chapter 3.

*FR 12 is an NRC response and is shown since it influences the design schedule. For this
example it has been assumed that no iterative resolution is required.
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White collar salaries and allowances are generally proprietary, and
may require the services of a consultant to obtain them.

3. Prepare a schedule identifying the period of performance for each
of the major functional responses.

4. Using the schedule as a basis, estimat~ the hours required for each
labor cost element of each functional response. This is usually
accomplished through the use cf engineering judgment, based upon
experience, and may require the services of a consultant.

5. Develop the costs associated with the hours and labor rates
determined above for the project.

On the basis of the assumptions that appear in this chapter, and with a step-by-
step approach, the costs associated with the implementation of the TSC were developed
as described below.

6.5.1 Estimating the Cost of Individual Functional Responses

FR 1 (Develop a New Regulation (N))

Tre cost shown for FR 1 represents the cost of developing changes to 10CFR50.
Since the TSC require.aent is a generic requirement, the overall cost for the regulatory
changes was prorated among all of the plants operating and under construction. For this
exercise a total of 140 plants was assumed (circa 1980) to be affected. Cost per plant
should be distributed between the cost elements i. NRR labor and ii. RES labor.

The total estimated cost for this activity is: 4 engineers x 1 year x 2080 hr/yr x
$50/hr + 140 plants = $2970* per plant. The hourly rate includes a multiplier to cover
overhead costs.

The analyst is urged to use the RSAMS management information system as a
means of establishing b2nchmarks for manpower requirements of NRC personnel. Raw
data on resource expenditures should be analyzed to ascertain manpower levels required,
and the salary levels can be determined from annual budgets. NRC personnel can
estimate the cost of FR 1 using the resources listed below:

® Regulatory Activities Manpower System (RSAMS).

e "Green Book" (NUREG-0566, Standards Development Status
Summary Report).

*Details for costs are assumed and the analyst is directed to the references that follow.
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o RAMS System.
e "Budget Estimates Fiscal Year ." Published Annually.

These resources are discussed in Chapter 3, Sees. 3.4.1 and 3.4.4.

FR 2 (Develop/Change Regulatory Guide (N))

The cost shown for FR 2 represents the cost of preparing a NUREG that was
issued for the TMI requirements, including the TSC. The cost estimated for these
documents has been spread among the plants operating and under construction, and also
among the several requirements (4 were assumed) inciuded in the NUREG. As in FR 1,
the cost should be distributed between cost elements ix and x.

The total estimate for this example is: 4 Engineers x 24 wks x 40 hr/wk x
$50/hr + 140 plants : 4 requirements = $343* per plant per requirement. The analyst is
urged to use the RSAMS and "Green Book" to establish manpower requirements and
salary levels for similar types of NRC activities.

NRC personnel ean estimate costs for FR 2 using the resources listed below:
e Regulatory Activities Manpower System (RSAMS)

e "Green Book" (NUREG-0566, Standards Development Status
Summary Report)

e RAMS System
e '"Budget Estimates Fiscal Year ."

These resources are discussed in Chapter 3, Sees. 3.4.1. and 3.4.4.

FR 3 (Change/Write Section of Standard Review Plan (N))

The cost for FR 3 is the cost of incorporating the TSC requirements into the
standard review plans and, as in FR 1 and 2, should be distributed between ix. NRR
labor, and x. RES labor. The costs have been prorated over the plants under construction
and in operation, as in FR 1.

The total estimated cost for this example is: 2 Engineers x 4 wks x 40 hr/wk x
$50/hr ¢ 140 plants = $114* per plant

*D~tails for costs are assumed and the analyst is directed to the resources listed in FR1.
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FR 4 (Notify PMs, Notify Licensees, Prepare TACs (N))
The cost of FR 4 is the cost of notifying the PMs and the licensees, and of ‘
preparing the Technical Assignment Controls (TACs). The costs of this functional
response should be distributed between the following cost elements:
i. Lead PM labor
ii. Plant PMs labor
iiil. Clerieal Labor
iv. Lead Engineer Labor

The cost for this example is: 3 Engineers x 1/2 wk x 40 hr/wk x $50/hr = $3000*
per plant. The analyst is directed to the NRR RAM System to establish a typical level of
effort for FR 4. Analysis of administrative costs will provide benchmarks for manpower
and salary.

FR 5 (Analyze the Requirement (U))

The cost of FR 5 represents the initial analysis of the TSC requirement by the
utility and is distributed between upper level management and engineering personnel (per

plant),
a. Project Manager 20 hr x $55/hr = $1100
b. Engineering Labor 80 hr x $45/hr - $3600
c. Executive Labor 10 hr x $65/hr = $ 650

TOTAL $5350

The analyst is directed to industry resources cited below, and should consult with utilities
directly. Executive manpower levels required are included in internal utility budgets,
which are not normally published.

e "Annual Wage and Salary Surveys", EEIl

e "Utility Executive Salaries: How High? How Low?" Electrical
World, pp 31-35, January 1983

e "The Engineer's Pay: Fatter Than Ever?", Electrical World pp. 45-
48, March 1982,

*Details of costs are assumed, and the analyst is directed to the NRR 1AM System
discussed in Chapter 3, Section 3.4.4, and FR 1.

e R T R T SRR
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e BLS Bulletin 1312-5, Bureau of Labor Statisties.

e "Cost Estimating Guide" Tennessee Valiey Authority, Division of
Engineering

e "Survey Shows Engineering Salaries Rise 6%", Electric World, pp.
29-32, July 1983

These resources are discussed in Chapter 3, Secs. 3.4.5 and 3.4.7.

FR 6 (Meet with Licensee and/or Owners' Group (N))

The costs shown for FR 6 represent the cost of the meetings with the licensees.
It is not presently known whether each licensee required a separate meeting at this
stage; however, it is known that the NRC held four general meetings throughout the
country. A cost estimate for these meetings is m sde here and prorated among the plants
under construction and operating, as in FR 1 Costs per plant should be distributed
between the cost elements i, Head PM Labor and iv. Lead Engineer Labor.

The total estimated cost for these meetings is:

Transportation: & engineers x $1200 x 4 meetings = $19,200
Travel Time: 4 engineers x $50/hr x 8 hr x 4 meetings = 6,400
Preparation: 4 engineers x $50/hr x 40 hr = 8,000
Meeting: 4 engineers x $50/hr x 12 hr x 4 meetings = 9,600

TOTAL = $43,200 : 140 = $310* per plant

FR 7 (Meet With NRC (A-E and/or V and/or U))

The costs shown for FR 7 represents the costs for the utility or its
representatives to attend the meeting discussed in FR 6. It is assumed that two high-
level representatives altend the meeting, and the hours include any preparation and
debriefing before and after the meeting. The effort is distributed between a project
manager and engineer. The total estimated costs are:

a. Project Manager: 30 hr x $65/hr + $1200 (travel) = 3150
b. Engineering Labor: 40 hr x $45/hr + $1200 (travel) = 3000

$6150*

*Details of costs are assumed and the analyst is directed to the NRR RAM system
discussed in Chapter 3, Section 3.4.4.
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The following references are useful in estimating these rates:
e "Annual Wage and Salary Surveys", EEI

¢ "Utility Executive Salaries, How High? How Low?", Electrical
World, pp 31-35, January 1983

e "The Engineer's Pay: Fatter Than Ever?", Electrica! World pp 45-
48, March 1982

e PLS Bulletin 1312-5, Bureau of Labor Statistics

e "Cost Estimating Guide" Tennessee Valley Authority, Division of
Engineering

e "Survey Shows Engineering Salaries Rise 6%", Electrical World, pp
29-32, July 1983

These resources are discussed in Chapter 3, Secs. 3.4.5 and 3.4.7.

FR 8 (Request OMB Clearance (N))

The cost shown for FR 8 is required, since the TSC requirement applied to all
plants. The cost has been prorated among all the plants as in FR 1 and others, and should
be distributed between i. Lead PM Labor and iii. Clerical Labor.

The total estimated cost for this effort is 3 Engineers x 40 hrs x $50/hr ¢ 140 =
$40.

e "Procedures for obtaining OMB Clearance”" memorandum for all
NRR Personnel, Jesse L. Funches, Acting Director, Planning and
Program Analysis Branch, August 4, 1982

e NRR RAMS System

These resources are discussed in Chapter 3, Secs. 3.4.4 and 3.4.5.

These administrative costs can be determined using the RAMS system and the
OMB procedures cited.

FR 9 (Contractor Assists NRC in Reviewing Responses (V and N))

This cost (FR 9) is based on the assumption that the NRC used an outside
contractor to assist in the review of licensee responses. The costs are estimated on a
per-plant basis, and represent the NRC cost of monitoring the contractor and the cost of
contracting the consulting service,



The cost estimate is:

iv. Lead Engineer: | engineer x 20 hr x $50/br $1000
Labor Hour Cortract: 1 engineer x 40 hr x $45/hr = §1800

$2800%

The RAMS system also has a cost category for contractual support that should be used by
the analyst to establish benchmarks for FR 9.

FR 10 (Solicit and Review Responses From Licensees (N))

The cost of FR 10 is dependent upon whether FR 9 is used or not. Therefore
three costs are given, below, for FR 10. The first cost is the cost of developing the
request for responses and then formally requesting the responses. This cost is prorated
over the total number of plants as in FR 1. The second cost is the cost of reviewing the
contractor's work performed in FR 9. The third cost is the cost of reviewing a single
plant response. Therefore, the total cost of FR 10 is either cost 1 + 2 if FR 9 is used, or
cost 1 + 3 if FR 9 is not used. All costs should be distributed among:

LLead PM Labor
Plant PMs Labor
Clerica: Labor
l.ead Engineer Labor
Technical Input Labor
The three estimuted costs are:
x 40 hr x $50/hr ¢ 1 = § 230
| wk x 40 hr x $50/hr $2000
wk x 40 hr x $50/hr = §3000

Therefore FR 10 with the use of FR 9 cost $2230, and FR 10 without the use of FR 9 cost
$3230.*

*Details for costs are assumed and the analyst is directed to the RAMS system discussed
Chapter 3, Section 3.4.4.
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FR 11 (Prepare Responses For NRC (A-E and/or V and/or U))

FR 11 represents the effort required to perform a preliminary evaluation to
determine whether the new TSC requirement affects the utility's nuclear project, and if
0, the preparation of a recommendation to the utility. The chain of events for
accomplishing this is initiated by a request from the utility to the A-E to review the
document, or upon direct receipt of the document by the A-E.

Typically, the new NRC requirement is reviewed by a licensing engineer assigned
to the nuclear project, who determines its applicability to the project. His
recommendation is forwarded to the projeet's engineering manager, who determines
which engineering disciplines are affected. If necessary, speciality technical analysis
groups outside the project are called in, as is the NSSS vendor. For those projects under
construction or in operation, input is also solicited from site engineering and home office
construction management. An acceptable engineering response is formulated by the
appropriate parties. A recommendation is made to the utility advising what general
design changes are necessary, if any, and the estimated cost of such changes. This
recommendat.on in turn is forwarded to the NRC, if it is acceptable to the utility,

The cost elements and associated costs are as follows:

Rate
Cost Element Hours ($/hr) Cost
a. Project Management Labor 20 69 $ 1,400
b. Engineering Labor 560 45 25,200
c.,f.,x. Clerical, Administrative
& Reproduction Labor 20 19 1,500
e, Programming Labor-Not Req'd ok
TOTAL 720 $28,100

On the basis of the schedule shown in Fig. 6.2, hours were cdetermined for the
various white-collar cost elements. Rates per hour for white-collar cost elements were
obtained from "National Survey of Professional, Administrative and Clerical Pay," March
1983, published by the U.S. Department of Labor, Bureau of Labor Statistics (Bulletin
2181). The rates were marked up by a factor of 2.5 to account for direct payroll charges,
overhead, expenses, and profit. This factor was obtained from the detailed data base
that supports the Energy Economic Data Base.

Engineering judgment was used to estimate the hours for each of the cost \
elements required to complete each functional response as scheduled. There is a rather
formal, detailed approach for estimating engineering and supporting white-collar labor
hours needed to comply with NRC requirements. This approach is beyond the scope of
this handbook to describe in detail, but it is widely used to support proposals for
engineering projects. Briefly, the procedure is as follows:

¢ Review the NRC requirements, which will permit definition of the
type of equipment, type of structure, and size of structure needed
to comply.
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e From the above, determine the number and types of drawings and
specifications that must be prepared to meet the requirements.

e Estimate the engineering, drafting, and other white-collar support
labor hours required to prepare the drawings and specifications.

These hours and associated costs were correlated with the TSC portion of the detailed
data base that supports the Energy Economic Data Base, Phase VI-1983, by United
Engineers and Constructors, published periodically by the U.S. Department of Energy.

Following are the total white-collar labor hours for FRs 11-16, 18-23, and 30 estimated
for the TSC example.

Cost Element lotal Hours

Project Management Labor 1,040
Engineering Labor 17,920
f.,x. Clerical, Administrative, and

Reproduction Labor 6,366
Drafcing Labor 16,720
Programming Labor 160
Accounting Labor-Included 1ir ! .0 -
QA/QC Labor 1,200
Cratt S

ipervisory Labor 5,680

Technician Labor 160
-‘.),,‘Q')
Note that in the present example, costs ¢., f., and x. (Clerical, Administrative, and

Reproduction labor) were combined to simplify the costing task.

FR 12 (Solicit and Review Answers to Questions (N))

I'he cost shown for FR 12 represents the development of plant-specific questiors,
the transmittal of the questions, and review of the answers provided by the utility. The
cost for this FR should be distributed between:

lLead PM Labor
Plant PM Labor
Clerical Labor

lLead Engineer Labor

l'echnical Input Labor




The cost is estimated to be
3 engineers x 4 wk x 40 hr/wk x $50/hr = $24,000*

The RAMS system should be used to develop benchmark activity levels for NRC
personnel. Comparison to other similar activities will aid the analysts in establishing
manpower levels and salaries.

FR 13 (Answer Questions From NRC (A-E and/or V and/or U))

The costs for FR 13 represent the effort required to respond to questions from
the NRC. This follows a procedure which is similar to that deseribed in the discussion of
FR 11.

The cost elements and associated costs are as follows:

Rate
Cos: Element Hours  (§/Hr.) Cost
a. Project Engineering Management 40 69 $ 2,800
b. Engineering Labor 560 45 25,200
Coyfoyx. Clerical, Administrative
& Reproduction Labor 120 19 2,300
e. Programming Labor-Not Req'd r
TOTAL COST 720 $30,300

The procedure for estimating the above hours and rates is the same as that explained in
connection with FR 11.

FR 14 (Perform Conceptual Design, Including Unresolved Safety Question
Determination, Resource Estimate, and Preliminary Schedule (A-E and/or U))

The costs for FR 14 represent the effort required to perform engineering
changes, analyses, and redesign as required. This is part of the preliminary evaluation of
& new NRC requirement, as discussed in FR 11. This is accomplished first at the
conceptual level to meet the intent of the new NRC requirement. At this level, safety
questions and preliminary schedules are addressed to determine the extent of the
modifications and changes, if any, that are required. All proposed changes are subject to
approval by the utility.

*Details for costs are assumed and the analyst is directed to the RAMS system, which is
discussed in Chapter 3, Section 3.4.4.
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The cost elements and associated costs are as follows:

Rate
Cost Element Hours (§/hr.) Cost
a. Project Engineering Management 100 69 $ 6,900
b. Eungineering Labor 1540 45 69,300
Coepfoynx. Clerical, Administrative 547 19 10,400
& Reproduction Labor
d. Drafting labor 3060 24 73,400
TOTAL COST 5,247 $160,000

The procedure for estimating the above hours and rates is the same as that explained in
connection with FR 11,

FR 15 (Evaluate Budget Requirements (A-E a~}/or U)y

These costs represent the effort required to evaluate the budget, as required, to
determine the impact of changes and associated costs to meet the intent of the new NRC
requirement. This evaluation includes estimating the cost of design changes, analyses,
procurement, construction, testing, and scheduled changes. This is subject to
negotiations with, and approval by, the .tility.

Costs are primarily A-E home office and utility manhours and/or expenses, and
are relatively insensitive to the complexity of the requirement.

The cost elements ind associated ccosts are as follows:

Rate
Cost Element Hours ($/Hr.) Cost

a. Project Management Labor 40 69 $ 2,800
cesfey xo Clerical, Administrative

& Reproduction Labor 120 19 2,300

g+ Accounting Labor=Included 3Ca0 24 73,400

overhead costs
TOTAL COST 3220 $78,500

The procedure for estimating the above hours anu rates is the same as that explained in
connection with FR 11.

FR 16 (Perform Detailed Design and/or Design Review, Including
Specifications For Outside Procurement (A-E and/or U))

These costs regresent the effort required to perform design changes, as required,
to meet the new NRC requirements, as discussed in FR 11. With utility approval, the
detailed design phase of the process is performed. The affected engineering disciplinys,
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as well as the NSSS vendor if necessary, perform the design changes, which may entail
new and/or revised drawings, specifications, and system design descriptions.

The cost elements and associated costs are as follows:

Rate
Cost Element Hours ($/Hr.) Cost

a. Project Management Labor 296 69 $ 20,400
b. Engineering Labor 4620 45 207,900
c.yf., x. Clerical, Administrative

& Reproduction Labor 1639 19 31,100
d. Drafting Labor 9180 24 220,300
e. Programming Labor-Not Req'd
f. Computer-Not Required
h. QA/QC 107 45 4,800

TOTAL COST 15,842 $484,500

The procedure for estimating the above hours and rates is the same as that explained in
connection with FR 11,

FR 17 (Perform Safety/Risk/Reliability Analysis (A-E and/or V and/or U))

For the TSC example, these are vendor costs, and are included in the factory
equipment costs, cost element (E), of FR 18.

FR 18 (Procure Materials and Equipment, Including Preparation of the Bid Package,
Evaluation of Proposals, and Preparation of Purchase Order (U and/or A-E and V))

These costs represent the effort required to revise existing procurement
specifications or to write new specifications for factory-built equipment or hardware,
and to procure this equipment. It also represents the procurement of site equipment and
material. After the construction plan has been set, the site equipment and material
required to perform the modifications are procured. This stage involves the services of
the construction managers (923 EEDB code of accounts) in conjunction with the utility
and A-E sectors. Site equipment costs are indirect costs, and include temporary
construetion facilities and construection tools and equipment (911 and 912 EEDB code of
accounts). Site materials are primarily direct costs, and include such items as pipe, wire
and cable, concrete, steel, ete. (21-26 FEDB code of accounts).

Costs for these activities consist of the home office manhours and expenses of
the procuring organizations, and also the cost of the purchase of factory equipment and
site materials and equipment.



Cost Element ($/H Cost ($)
a. Project Management Labor ] 800
b. Ungineering Labor : 50,400
Ceyfeyxs Clerical, Administrative

& Reproduction Lahor 7,200
h. QA/QC A 2,400
m. Materials and Site Equipment 360,000
t. Factory Equipment ' 1,080,000

TOTAL COST 1562 $1,530,800

The white-collar hours and hourly rates above were estimated by the same procedure
described in connection with FR 11. The other costs of FR 18, for this example, were
extracted from a draft of the EEDB-PWR cost model for Phase VI.(4) Factory
equipment, site equipment, and site material costs were obtained from the detailed data
base that supports the Energy Economic Data Base, Phase VI-1983, by United Engineers
and Constructors, published periodically by the U.S. Departnient of Energy. For the
structure, direct factory equipment and site materials were extractea from EEDB
account 218L, "Technical Support Center." For the data system, direct factory
equipment cost was based on EEDB account 227.9, "TMI Instrumentation.” Since account
227.9 costs are for a data system that supplies data to three locations (one of which is
the TSC), the costs were prorated as 1/3 for each location. Therefore the costs for this

example are 1/3 of account 227.9. For the costs of control/display panels, direct factory
equipment cost was based on EEDB account 243.15, "TSC + OSC System Control Panels".
Since account 243.15 costs are for two locations, the costs for the TSC were prorated as
1/2 for each location. The indirect material costs were estimated by multiplying the
TSC total direct material costs, as determined above, times the ratio of total PWR
indirect material costs to total PWR direct material costs. EEDB accounts 218L, 227.
and 243.15 are presented in Table 6.1.

’

More detailed considerations for determining material and equipment costs
follow.

Materials

Materials needed for construction are based on a structural design that is
interpreted as fulfilling the requirement of the NRT or as having the en<~losure capacity
to house the equipment required by the NRC. For this exam, 2, NUREG-0696 specified
the housing requirements of the structure, the habitability requirements, and the adverse
conditions such as earthquake, winds, and floods that the structure must withstand. With
this information and the costs in EED3 (in this example), a structure was sketched and
material take-offs made to develop the structural commodities.

By using references such as "Means Conctruction Cost Data" (Robert Snow Means
Company, Ine.), or "Richardsor Rapid Systen Process Plant Construction Estimating




TABLE 6.1 UE&C, Inc. Energy Economic Data Base (EEDB) Phase VI, 1139 MWe Pressurized Water Reactor

UNITED ENGINEERS & CONSTRUCTORS INC. PAGE 94 ‘
PLANT CODE COST BASIS ENERGY ECONOMIC DATA BASE (EEDB) PHASE VI
148 01/83 1139 MWE PRESSURIZED WATER REACTOR 09/28/83

sosvsves FACTORY #esnvene PP EsRsrnsntssnssnnsrer SITE #vssssvsssssssnsanssnnnsn TOTAL

ACCT NO. ACCOUNT DESCRIPTION QUANTITY CosSTS LABOR HRS LABOR COST MATERIAL CosT
e ! - Spstanse . 8

| 218L. JECHNICAL SUPPORT CENTER
218L .1 BUILDING STRUCTURE

R LN R R AR R LR L AR R A e ...

218L .11 EXCAVATION WORK

218L . 111 EARTH EXCAVATION

248L. 112 ROCK EXCAVATION

218L. 113 CONCRETE FILL

218L. 114 FILL + BACKFILL

2181119 DEWATERING
A

218L. 1 EXCAVATION WORK

(218018 SUBSTRUCTURE CONCRETE

R A A A

500 SF 400 W

218L.131  FORMWORK 7.297 7,800

218L.122  REINFORCING STEEL 23 N 920 M 18,202 13,918

218L.133  CONCRETE 25¢C Y 1080 M+ 16,930 #.7%0 ¢
Z18L. 134  EMBEDDED STEEL '

218L.135  FLOOR FINISH 3308 < 165 M 2,666 198

2100136 WATERPROOF ING ‘

2180137 CONSTRUCTION JOINTS 230 SF 230 W 4.196 426

218L.138  RUBBING CONCRETE SURFACE

210L.139  WIRE FABRIC 6620 SF 132 W 2,620 1,498

611
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TEBLE 6.1 (Cont'd)

l UNITED ENGINEERS & CONSTRUCTORS INC. PAGE 96
PLANT CODE COST BASIS ENERGY ECONOMIC DATA BASE (EEDB) PHASE VI
148 01/83 1139 MWE PRESSURIZED WATER REACTOR 09/28/83
senssns FACTORY essssnne SEERN NP NN s e st st st tne SITE ssssssrsssssnssssnsnnns TOTAL
ACCT NO. ACCOUNT DESCRIPTION QUANTITY _____Costs QUANTITY LABOR HRS LABOR COST MATERIAL coSsT C_g§'§
D T T T MR R I ;
| 21801481 VINYL TILE FLOOR 3080 SF 246 M 4,172 4,158
Z218L. 1482 SUSPENDED CEILING 3080 SF 308 M 5,975 3,234
(2180 1483 SANDWICH PANELS i 1600 SF 340 W 4,856 14,389
21811486 RAISED FLOOR(DISPLAY AREA) 1000 SF 450 M 8,730 2,450
218L . 148 WALL . FLOOR,+CEILING FIN’SH 1244 W 24,133 24,20 48 2364
2181 . 149 PAINTING p
218L . 1491 CONCRETE 3000 SF 570 M 8.556 630
21801482 STEELWORK (PAINTING) T Ly 83 TN 392 W 5,884 1,338
| 218L. 1493 METAL DECK 3300 SF 99 MW 1,488 sas
218L . 149 PAINTING 1061 M 15,926 2,403 18,409
r—-— —
2180 .14 SUPERSTRUCTURE 18332 WH 281,818 187,244 449,089
218L .1 BUILDING STRUCTURE 18229 W 333,726 194 489 528,215
218L.2 BUILDING SERVICES 1Ly 60,000 1LY 1500 W 30,419 9,128
LR R L L R i R FrE R AT SR T -
218L .21 PLUMBING ¢ DRAINS
| 218L.23  HEATING,VENTTLATION ¢ AC T o
" ] + e
218L.2 BUILDING SERVICES 60,000 1500 M 30,419 9.128 99 548
218L. _ TECHNICAL SUPPORY CENTER 60,000 197290 WH 364,148 203,018 627,780

HYDROGEN RECOMBINER STRUCT

PAL LB BLDG. STRUCTURES

e e e R

121
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Standards" (Richardson Engineering Services, Inc.), the cost of these materials can be
estimated. In some accounts, material costs represent tangible materials such as cost of
concrete, rebar, ete. In other accounts, intangible materials such as fuel or rental of
excavation equipment, etc., are required; these costs can be found in the publications
mentioned.

In some instances the above information can be approximated by comparison of a
required facility with a similar facility that has been previously designed, thereby
eliminating a considerable amount of the effort described above.

Equipment

Equipment costs include all mechanical services for the structure, such as
plumbing, HVAC, drainpipe, and lighting, and also any process equipment, instrumenta-
tion, displays, computers and the like that are either required by the NRC or needed to
support the NRC requirements.

For this example, the EEDB equipment costs for the structures (account 21 LL EL
- building services) were based on like equipment utilized in other similar structures in
the data base. The instrumentation costs in account 227.9 and the control/display panels
in account 243.15 were based on vendor quotation.

For structural-account cost estimates, an alternative approach in th= absence of
a comparable structure would be to prepare a detailed sizing of equipment, an to obtain
costs from quotation or estimate them from references such as the Means or Richardson
publications mentioned.

FR 35 (Contractor Assists NRC in Reviewing Design (V and N))

The cost shown for FR 35 includes the cost of A-E assistance to the NRC in re-
viewing the designs: it includes A-E costs, travel to NRC, and the cost of NRC lead
engineers.

The total costs for this review are:

iv. Lead engineer: 2 days x 8 hr/day x $50/hr $ 800

A-E (EEDB Code of Accounts 921-Home Office Engineering):
4 engineers x 4 days x 8 hr/day x $45/hr = §5,800
4 engineers x $1200 (travel expenses) $4,800

TOTAL $11,400%

*Details of costs are assumed and the analyst is directed to the RAMS system, which is
discussed in Chapter 3, Section 3.4.4. A-E costs depend .n NRC request, and salaries of
engineering personnel may be ohtained from: '"Nationai Survey of Professional,
Administrative, Technical and Clerical Pay" - U.S. Dent. of Labor, Bureau of Labor
Statistics, September 1983: Bulletin 2181.
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The salaries for the above must be multiplied by a factor to account for company
expenses, payroll costs, overnead, and fee.

FR 36 (Review of Design (N))

The costs shown for FR 36 covers the design review by NRC of a specific plant
change prior to construction of the structures and manufacture of the equipment. The
cost should be distributed between:

i. Lead PM
iv. Lead Engineer
v. Technical Input

The total estimated cost for the review is:

3 engineers x 2 wks x 40 hr/wk x $50/hr = $12,000.%

FR 37 (Contractor Prepares TER (V and N))

This cost (FR 37) assumes that the NRC used an outside contractor to prepare a
Technical Evaluation Report.

The cost estimate is:

iv. Lead engineer: 1 engineer x 80 hr x $50/hr = § 4,000
xi. Labor Hour Contract:

3 engineers x 4 wk x 40 hr/wk x $55/hr = $26,400

TOTAL $30,400%

The RAMS system also has a cost category for contractual support. The raw
data of the RAMS system must be analyzed to establish benchmarks for contractual
support activities.

FR 38 (Prepare SER (N))

The cost for FR 38 depends on whether FR 37 is used or not. Therefore twc
costs are given for FR 38. The first cost is the cost of preparing the Safety Evaluation
Report (SER) using the input Technical Evaluation Report (TER) from FR 37; the second

*Details of the costs are assumed and the analyst is directed to the RAMS system which
is discussed in Chapter 3, Section 3.4.4, and FR 1.
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cost is the cost of preparing the SER without the benefit of a TER (including developing
the information that would have been supplied in a TER). The costs should be distributed
between:
i. Lead PM Labor
ili.  Clerical Labor
iv.  Lead Engineer Labor
v. Technical Input Labor
The total estimated cost if FR 37 is used is:
2 engineers x 2 wks x 40 hr/wk x $50/hr = $8,000%
The total estimated cost if FR 37 is not utilized is :
2 engineers x 2 wks x 40 hr/wk x $50/hr = § 8,000
4 engineers x 4 wks x 40 hr/wk x $50/hr = $32,000
$40,000%

The analyst is cautiioned that the contractual support category of NRR RAMS
system shou'd be analyzed to establish benchmarks.

FR 19 (Plan Installation, Including Detailed Procedures, Labor
Requirements, and Schedule (C and/or U))

These costs represent the effort required in specifying the work to be done to
install the equipment in the plant. This includes developing the detailed procedures for
accomplishing the work and the construction work schecle, de’ining the equipment and
materials required for construction purposes, and specifying the labor required. The
costs of these activities are primarily assigned to the construction management and
engineers, who are responsible for detailing the work procedure (EEDB code of accounts
923).

*Details of the costs are assumed and the analyst is directed to the RAMS system, which
is discussed in Chapter 3, Section 3.4.4 and FR 1.



126

The cost elements and associated costs are as follows:

Rate
Cost Element ($/Hr.)

4 Project Management Labor 12 69 $ 800
b Engineering Labor 1600 45 72,000
Ciaksid Clerical, Administrative,

& Reproduction Labor 337 19 10,200

TOTAL COST 4 $83,000

The procedure for estimating the above hours and rates is the same as that described in
connection with FR 11.

FR 20 (Modify Structures (V and/or C and/or U))

These costs represent the effort required to build a new structure for the TSC.
It should be noted that the modification of existing structures to accommodate a design
backfit can range from two to five times the cost of constructing new structures, as
discussed in Chapter 3.

The cost elements and associated costs are as follows:

Rate
Hours ($/Hr.) Cost

a. Project Management Labor 26 69 17,900
b. Engineering Labor 45 163,800
c.,f.,x. Clerical, Administrative
and Reproduction Labor 1,300 19

d. Drafting Labor 2,240 24

j« Craft Supervisory Labor 3,500 42.50

. Craft Labor 34,500 22

. QA/QC Labor 630 45

TOTAL COST 46,070 $1,196,300

The procedure for estimating the above hours and rates (except for cost element
k, eraft labor) is the same as that described in connection with FR 11. Craft labor hours
and rate were obtained from the detailed data base that supports the Energy Economic
Data Base, Phase VI-1983; the analyst should consuit FR 18 and the detailed data base
for similar craft labor content and labor rates.

Craft labor productivity for structures is obtained from the data base by dividing
quantities of material installed by the manhours shown for each individual account. This
can be simplified by combining types of accounts under a given category, e.g.,
substructure, superstructure, and excavation work. For the TSC, the subtask for
substructure is 218L.13, and for superstructure it is 218L.14.
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FR 21 (Install, Test and Maintain Hardware (V and/or C and/or U))

These costs represeni the effort required to install the hardware in the new TSC
structure. It should be noted that the cost of installing hardware varies considerably
depending on the systems involved, the physical location of the components, the presence
of interferences with existing hardware, and the percent completion of the plant/housing
structure.

The cost elements and associated costs are as follows:

Rate

Cost Element Hours  (§/Hr.) Cost

a. Project Management Labor 260 69 $ 17,900

b. Engineering Labor 3,640 45 163,800
c.yf.yx. Clerical, Administrative

and Reproduction Labor 1,300 19 24,700

d. Drafting Labor 2,240 24 53,800

j» Craft Supervisory Labor 2,180 24 52,300

k. Craft Labor 22,300 22 490,600

h. QA/QC Labor 410 45 18,500

TOTAL COST 32,330 $821,600

The procedures for estimating the above hours and rates are the same as those
discussed in connection with FR 11 and FR 20.

The analyst is urged to review the different types of craft labor associated with
material and equipment installation for the TSC example. The data base provides a
variety of craft labor benchmarks for use by the NRC analyst. These benchmarks may be
understood and utilized by dividing the craft labor hours for a particular account by the
items being installed to determine hardware installation productivity. These benchmarks
will increase by a multiplier of from 2 to 10 when the work is perforined in radiation
environments, depending on the radiation level present and the need for special support
activities such as those described in Sec. 3.4.40. Consultants may provide additional
insight.

FR 42 (Draft License Amendment (U))

The costs shown for FR 42 represents the costs to the utility for drafting a
licensee amendment. The total estimated costs ere:

a. Project Management Labor 40 hr x $65/hr = $2,600

b. Engineering Labor 80 hr x $45/hr = §3,600

c. Executive Labor 20 hr x $100/hr= $2,000
TOTAL = $8,200%

*Details of costs are assumed and the analyst is referred to the resources provided for
FR 5 and 7.
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For this exercise it has been assumed that the first draft is acceptable to the
NRC and no iteration is required.

FR 43 (Review License Amendment (N))

The cost of FR 43 represents the NRC review of the license amendment prepared
by the utility. For this example it is assumed that the draft is acceptable and no
iteration is required. The costs should be distributed among:

ii. Plant PMs Labor
v. Technical Input Labor
viii. ELD Labor
The total cost is estimated as:

5 engineers x 40 hr x $50/hr = $10,000%*

Labor costs by the office of the Executive Legal Director (ELD) may be included in the

overhead costs of NRR staff.

FR 44 (Contractor Assists NRC in Inspecting Hardware (V and N))

The cost of FR 44 includes the cost of NRC labor associated with using the
a sistance of a contractcr in the inspection of the modifications. The costs should be
distributed between the following cost elements:
vii. I&E Region Labor
xi. Labor Hour Contract
The total estimated cost for this effort is estimated to be:
4 engineers x 40 hr x $55/hr = $8,800%*
The [&E management system ("766" system) presumably contains a cost category

for contracts. The analyst is cautioned that raw data needs to be analyzed to establish
benchmarks for contracts.

*Details of costs are assumed and the analyst ic referred to the resources provided for
FR 5 and 7.

**Details of costs s~e assumed and the analyst is directed o the [&C "766" system which
is discussed in Chap!>r 3, Section 3.4.45,
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FR 45 (Inspect Hardware (N))

Since a contractor is assumed to assist in the inspection of the modifications
(FR 44), the cost shown for FR 45 includes the additional effort to complete the
inspection. The costs for FR 45 should be distributed between:

vi. I&E Headquarters Labor
vii. I&E Region Labor
The total estimated cost is:

4 engineers x 40 hr x $50/hr = $8,000%

FR 29 (Write/Rewrite Procedures (V and/or U))

The cost shown for FR 29 represents the utility's expenses in revising operating
procedures as a result of the added structure, hardware, and testing requirements.

For this example the costs for clerical labor and reproduction are assumed to be
included in the overhead markups for the other labor cost categories.

The total costs are estimated to be:

a. Project Management Labor: 1 person x 20 hr x $65/hr = § 1,300

b. Engineering Labor: 3 engineers x 160 hr x $45/hr = $21,600

c. QA/QC Labor: 1 engineer x 80 hr x $45/hr =$ 3,600
TOTAL = $26,500%

FR 30 (Conduct Test of System/Subsystem (V and/or C and/or U))

These costs represent the effort required for testing a modified system, or the
first test if the system was modified during plant construction prior to testing. It may
also involve testing an additional system that was added during construction or after the
plant went into operation.

Care must be taken to include only the additional testing resulting from the new
requirements. For the TSC, the costs are for a new system added after the plant went
operational. The cost elements and associated costs are as follows:

*Details of costs are assumed and the analyst is directed to the I&C "766" system which
is discussed in Chapter 3, Section 3.4.45.
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The cost for initial testing is:

Rate
Cost Element Hours  ($§/Hr.) Cost
b.,h. Engineering Labor (includes
QA/QC 280 45 $12,600
0. Technician Labor 80 25 2,000
Ceyf.yx. Clerical, Administrative and
Reproduction Labor 93 19 1,7C0
TOTAL COST 453 $16,300
The cost for periodic testing is:
Rate
Cost Element Hours  ($/Hr.) Cost
b.,h. Engineering Labor (includes
QA/QC 80 45 $3,600
0. Technician Labor 80 25 2,000
CoslioRe Clerical, Administrative and
Reproduction Labor _40 19 760
TOTAL COST 200 $6,360/yr*

The procedure for estimating the above hours and rates is the same as that
described in connection with FR 11.

FR 31 (Write/Rewrite Training Manuals (V and/or U))

The cost shown for FR 31 represents the expense incurred by the utility to
prepare training manuals to address the added structures and equipment. For this
examnl: clerical and reproduction costs are assumed to be included in the overhead
markups for professional labor rates, and the total costs are estimated as:

b. Engineering Labor: 2 engineers x 80 hr x $45/hr =$ 7,200
h. QA/QC Labor: 1 engineer x 80 hr x $45/hr =§ 3,600
TOTAL = $10,800%*

FR 32 (Train/Retrain Staff (V and/or U))

The cost for this FR represents the training required by the utility personnel due
to the added structure and hardware systems. For purposes of this example, two

*Details of the costs are assumed and the analyst is directed to the resources provided in
FR 5 and 7.
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separate sets of costs are shown. The first set is for the initial training, the second set is |
for annual retraining and the training of new personnel in future years. !
The cost for initial training is:

b. Engineering Labor to prepare and give training course:

2 engineers x 80 hr x $45/hr =$ 7,200

To receive training: 10 engineers x 20 hr x $25/hr = $ 5,000
o. Technician Labor to receive training:

20 technicians x 20 hr x $45/hr = $18,000

TOTAL = $30,200*

The cost of annual training and retraining is:
b. Engineering Labor to provide retraining:

2 engireers x 10 hr x $45/hr = $ 900

To receive retraining: 10 engineers x 8 hr x $45/hr =  $3,600
o. Technician Labor to receive retraining:

20 technicians x 8 hr x $30/hr =  $4,800

TOTAL $9,300/Yr*

FR 22 (Inspect Hardware (V and/or C and/or U))

These costs vepresent the effort required to inspect and verify the quality of the
construction work, to insure that the installation complies with the design and QA
programs. It should be noted that costs can increase considerably if the inspection is
performed in a radiation environment; however, this consideration does not apply to the

T8C.
The cost elements and associated costs are as follows: |
Rate |
Cost Element Hours  ($/Hr.) Cost
b. Engineering Labor 280 45 $12,600
c.,f.,x. Clerical, Administrative and
Reproduction Labor 93 19 1,700
o. Technician Labor 80 25 2,000
k. Craft Labor (not required for - - -
the TSC)
TOTAL COST 453 $16,300

The procedure for estimating the above hours and rates is the same as that
described in connection with FR 11.

*Details of the costs are assumed and the analyst is directed to the resources provided in
FR 5 and 7.
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FR 23 (Develop Software (A-E and/or V and/or U))

These costs represent the effort required for the development of new computer
programs or modifications of existing programs, to evaluate such areas as energy
releases, dose dispersions, mechanical stresses, and many others. This work may involve
off-line analysis software or plant operations computer software. Development or
revisions of programs requires the modeling of the engineered systems as well as
interpretation and application of physical laws, thus requiring engineering personnel,
scientists, and computer programmers working as a team.

Costs are primarily centered at the performing organization's home office and
include manhours, expenses, and computer charges. It includes check out and
certificacion of the software, documentation of the program, and preparation of a user
manual. Costs can range widely, from minor modification of a few lines of program to
the development of new computer codes that may require tens of thousands of
manhours. These costs are pretty much independent of the percentage of completion of
the plant.

£ The cost elements and associated costs re as follows:

Rate

Cost Element Hours  (§/Hr.) _ Cost

b. Engineering Labor 80 45 S 3,600
Coyfoeyx. Clerical, Administrative

& Reproduction Labor 160 . 3,000

e. Programming Labor 160 31 5,000
s. Computer - Included with other

expenses in white-collar
discipline costs - - -
TOTAL COST 400 $11,600

The procedure for estimating the above hours and rates is the same as that
described in connection with FR 11.

FR 24 (Add to or Change Record Keeping (U))

Since periodic testing is required, FR 24 represents the cost of modifying the
plant record keeping. Here the clerical and administrative labor and computer,
reproduction, and storage costs are assumed to be included as overhead markup in the
professional labor rates.



The cost is estimated to be:

a. Project Management Labor: 1 man x 40 hr x $65/hr = $2,600

b. Programming Labor: 2 pgr. x 80 hr x $40/hr = $6,400
TOTAL = $9,000*

FR 25 (Add to or Change Reporting (U))

FR 25 represents the cost incurred by the utility to make additions to the
required reporting system. The costs of clerical and administrative labor and the costs
of computer and reproduction are assumed to be included in the professional labor

overhead mark-up.
The cost is estimated as:

a. Project Management Labor: 1 man x 40 hr x $65/hr = $2,600%*

*Details of cost are assumed and the analyst is directed to the resources provided for
FR 5 and 7.
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6.5.2 Present Value of the Total Lifetime Cost

The total capital cost of the TSC for the reference plant evaluated is estimated
to be $4,712,500, and the annual cost is estimated to be $15,700. These costs, which
were evaluated for each functional response, are summarized below.

Single Plant Capital Costs

Single plant capital costs are aggregated as follows. All costs have been rounded
to the nearest $100.

cosT

3,0G0
300
100
3,000
5,400
300
6,200
800
, 21
28,100
24,000
30,300
160,000
78,500
484,500
530,800
11,400
12,000
30,400
40,000
83,000
1,196,300
821,600
8,200
10,000
8,800
8,000
26,500
16,300
10,800
30,200
16,300
11,000
9,000

S A
Z 160';

, 500
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Single Plant Annual Costs

FR COST
30 6,400
3z 9,300

Total $15,700

For this example, the total estimated capital cost of the TSC to the total nuclear
industry is not simply the cost to this reference plant multiplied by the 140 plants in the
nation.  Approximately half of the nuclear units in the country were able to
accommodate the TSC within existing structures, while the remaining units required
construction of separate structures. Therefore the overall cost for units using existing
structures to accommodate the TSC are reduced for Functional Responses 18 and 20.
These involve the structurel costs and the labor to install new structures. The cost
reduction for these plants for FR 18 is $194,000 per plant for material; for FR 20 the
reduction is $334,000 per plant for labor, a total cf $528,000. For the total of 140 plants
in the eountry, the overall eost of the TSC is therefore estimated as deseribed below.

Total National Capital Costs

70 plants x $4,712,500 - $329,875,000
70 plants x ($4,712,500 - 528,000) = 292,915,000
Capital Costs = $622,790,000

Assuming these one-time capital costs are in 1984 constant dollars, the 1984 P.V. of the
total national capital costs also equels $622,790,000.

Total Nationali Annual Costs

140 plants x $15,700 = $2,198,000/yr

Present Value of Total National Lifetime Periodic Costs

For the purposes of this example, it is assumed that the 140 plants affected by
this requirement have an average remaining operating lifetime of 20 years. It is aiso
assumed that the total national annuai cost of $2,198,000 is in 1984 constant dollars.
Therefore, the 1984 P.V. of the Total National Lifetime Periodic Costs, assuming a 10%
real discount rate, is:

n
PV = cA LLl-.—d)—___u

a(1 + 4)°
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20
PV = §2,198,000 L * «10]° - 10 = $2,198,000(8.51) = $18,705,000
(.10) (1 + .10)
Present Value of Total National Lifetime Cost

$622,790,000 + 18,705,000 = $641,495,000

6.6 LESSONS LEARNED FROM THE EXAMPLE PROBLEM

1. When dealing with a generic requirement that will require
structures and equipment to be modified or installed, the groups of
FRs in descending order of cost significance are likely to be:

A. Design, Review, Procure, Construct, and Install: FRs 14, 16,
18, 20, 21

These functional responses will tend to dominate the cost of
the graphical model when structures and equipment changes
are required.

B. Licensing, Inspection, Testing, Manuals, Records, Specifica-
tion: FRs 22, 23, 24, 25, 29, 30, 31, 32, 35, 36, 37, 38, 42, 43,
44, 45.

The supporting services and follow-up work to implement a
requirement for structures and equipment will be the second
iargest category of cost in the graphical model.
C. NRC costs will be minimal for this type of requirement.
2. For this particular example, the number of cost elements could
have been reduced without sacrificing the accuracy of the overall
estimate. For the example problem the cost elements could have

been reduced in the following manner:

A. Combine all white-collar engineering cost elements for the A-
E Functional Responses, i.e.:

e Project Management Labor
e Home Office and Field Engineering Labor

e QA/QC Engineering Labor
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B. Combine all white-collar nenengineering cost elements for the
A-E Functionai Responses, i.e.:

Programming Labor

Technieian Labor

Craft Supervisory Labor

Drafting Labor

C. Combine
elements for the A-E Functional Responses, i.e.:

all white-collar clerical/administrative cost

e Clerical Labor

¢ Administrative Labor

e Reproduction Labor

D. Include expenses such as computer costs, reproduction costs,
ete. in white-collar labor overhead costs.

Therefore, the number of cost elements for A-E Functional Responses could conceivably
be reduced as follows:

&y bey h

€4y do. 0.y j- -

Bty Loy s

Engineering Labor
Nonengineering Labor
Clerical/Administrative Labor
Materials and Site Equipment
Factory Equipment

Craft Labcr

Average labor rates can be developed for each of the ahove categories, and white-collar
overhead mark-up factors determined, which include expenses. However, it may require
the assistance of a consultant.

The above approach can also be to reduce the number of cost elements to be considered
for the utility, constructor, vendor, and NRC Functional Responses.
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APPENDIX A
INDUSTRY COST ELEMENIS RESULTING FROM THE IMPLEMENTATION
OF MULTI-PLANT NRC REQUIREMENTS
1.0 INTRODUCTION

Argonne National Laboratory is developing for the Nuclear Regulatory
Commission (NRC) a methodolcgy guide for cost analysis associated with NRC
requirements. The guide will assist the NRC staff in assigning costs for
establishing priorities and resolving generic issues relating to LWRs. The
guide will consist of three sections. The first section will summarize the
underlying principles of cost estimation. The second section will identify
the significant cost elements incurred by the industry, NRC, and others when
NRC requirements are implemented. The third section wili consist of an
annotated bibliography of cost estimating deta sources. The guide will be
written for a competent engineer who has little or no experience in performing
cost estimations.

SC&A is supporting Argonne in this effort by undertaking the following three
tasks:

1. Trace through a "typical" nuclear utility two recent example NRC
requirements, identifying all significant cost elements encountered in
the implementation of each requirement. Where possible, estimate the
magnitude of the actual cost associated with each cost element, and the
estimated cost prior to the implementation of the requirement.

2. Describe (model) a “typical" nuclear utility organizationally and
functionally, with the objective of tracing NRC requirements through the
organization, and in so doing, identifying each potential cost element
associated with the implementation of NRC requirements in each part of
the organization. Develop a comparable model for the NRC in its
implementation of a requirement.

3. Determine sources of informetion/data used by nuclear utilities for
estimating costs associated with each cost element identified in Task 2.

This report presents the results of Task 1. We selected for analysis two
multi-plant reguirements--Accident Monitoring Instrumentation and Emergency
Planning & Revisions. These requirements were selected by reviewing the 198
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multi-plant requirements listed ‘n a recent issue of NUREG-0748 (Operating
Reactors Licensing Actions Summary, Vol. 3, No. 6) against the following
criteria:

The requirement should be gereric to several, if not all, Nuclear
Steam Supply System vendors.

The requirement should be fully, or nearly fully implemented.
The requirement should have been recently implemented.

The requirement should apply to operating plants, as well as plants

under construction.

At least one of the requirements should involve a physical
modification to the plants.

The requirement should involve multi-dimensionai cost impacts.

Using the first four of the above criteria, the list was winnowed to 31
requirements. This 1ist was further compressed to 12 requirements by invoking
the last criterion, involvement of multi-dimensional cost impacts. Finally,
the selected requirements were chosen based on complexity, namely the ability
to illustrate a large number of diverse cost elements.

The Accident Monitoring Instrumentation requirement consists of six parts,
listed as code numbers F-20 through F-25 in NUREG-0748. It is also a Three
Mile Island Action Plan requirement, listed in NUREG-0737 (Clarification of
TMI Action Plan Requirements, November 1980) as item II1.F.1, Attachments 1
through 6. The first three of the parts are essentially complete at all
plants. These are the noble gas effluent monitor (F-20, TMI item II.F.1,
Attachment 1), iodine/particulate sampling (F-21, TMI item II.F.1, Attachment

2), and containment high-range monitor (F-22, TMI item II.F.1, Attachment 3).

The last three of the parts are only approximately 60% implemented. They are
the containment pressure monitor (F-23, TMI item II.F.1, Attachment 4),




containment water level monitor (F-24, TMI item II.F.1, Attachment 5), and
containment hydrogen monitor (F-25, TMI item I1.F.1, Attachment 6).

Noble gas effluent monitors with an extended range (ALARA to IOSuCi/cc) were
required to operate for all plants during accident conditions. Al) plants

were additionally required to have the capability to sample radioiodines and
particulaies for accident conditions, followed by laboratory analysis. Two
containment radiation-level monitors with a maximum range of 108 rad/" . were

to have been installed ‘n all plants. Contairment pressure instruments,
capable of providing measurements in the control room up to four times the
design pressure (for steel containments), were required for all plants. A
continuous indication of containment water level was also required in the
control room of all plants. For PWRs this was to cover the range from the
bottom to the top of the containment sump wi*' a narrow range instrument, and
from the bottom of the containment to the 600,000 gallon level with a wide
rang. instrument. For BWRs, a wide range instrument was required to cover the
range from the bottom to 5 feet above the normal water level of the
suppression pool. Finally, a continuous indication of hydrogen concentration
in the containment atmosphere was to be provided over the range of 0 to 10%
hydrogen concentration under accident conditions at all plants. A1) of these
accident monitoring instruments required changes to technical specifications
and reviews by the NRC of design dctails.

The Emergency Planning and Revisions requirement incorporates code numbers
B-16 and F-67 of NUREG-0748. F-67 is also TMI Action Plan requirement
I11.A.2.1, entitled "Improving Licensee Emergency Preparedness.” These are
the "software" requirements of emergency planning, as given in 10 CFR Part 50,
Appendix E.* An emergency plan, as outlined in NUREG-0654, is required, which
includes the roles of the utility, the state, and the local government. This
plan is to be supported by detailed emergency proncedures, which are to be
implemented annually by exercises coaducted at each station. The plan is to
be maintained and updated, as appropriate, training of on-site and off-site

* Facilities' requirements are given in item I11.A.1.2, entitled "Uograde
Emergency Support Facilities,” and clarified in NUREG-0737 Supplement No. 1.
Additionally, a meteorological data upgrade is required under TMI item
I11.A.2.2.




personnel is to be carried out on a continuous basis, and the public is to be
informed of its role. A1l of the documentation was to be reviewed and
approved by the NRC, and the exercises are observed by the NRC and the Federal
Emergency Management Agency.

Discussions were held with representatives of three nuclear utilities to
identify cost elements encountered by their organizations in the
implementation of the two multi-plant requirements. Additionally, actual cost
data were obtained where available, as well as estimated cost prior to the
implementation of the requirement. The nuclear units owned and operated by
these utilities include four BWRs, three Westinghouse PWRs, and two Combustion
Engineerinc PWRs. Additionaily, data were obtained for two Westinghouse PWRs
under construction. (These utilities are building several additional nuclear
units for which data were not obtained.)

The results are presented in sections 2,3, and 4 of this report. Section 2
describes the approach taken in the identification of cost elements for a
“typical"™ utility, followed by a presentation of the functional responses and
corresponding cost elements for each of the two multi-plant requirements.
Section 3 compares actual costs, where available, for each of the stations
owned by the three utilities surveyed. Section 4 presents a comparison of
estimated (by the utility) costs with actual costs, for those few cases in
which estimated costs were made aveailable.
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2.0 IDENTIFICATION OF COST ELEMENTS

2.1 Approach

Each of the three utilities surveyed is organized differently. One utility
had recently formed a project management department under the vice-president
for engineering, which interfaces with an internal engineering group, an
outside architect-engineer, an internal production maintenance group (which in
turn interfaces with an outside constructor), and an internal planu operating
group. A second utility is split into design/construction and operations,
each with nearly complete autonomy. Architect-engineering and construction
services are rarely purchased by this utility from the outside. The third
utility is a mixed bag, partly project oriented (a nuclear station being a
project) and partly centrally organized, with engineering, construction, and
operations under a single manager of nuclear generation. Some design and
construction are performed in-house and some under contract. Purchasing
departments were independent of engineering and operations in two of the three
utilities.

It is expected that other forms of organizaticn would be uncovered at other
utilities. Although it would be possible to identify cost elements according
to organizational elements at any one utility, the marked differences between
utilities renders this approach unproductive from a generic point of view.
Basically, there is no such thing as a "typical" utility organization.

Identifying cost elements from an accounting perspective is equally fruitless.
There are virtually as many accounting systems as there are utilities.
Accounting systems are primarily driven by rate regulatory requirements,

There is, however, a common thread between utilities from the functional
point-of-view. Each utility exhibits a design function, whether it is

resident with an internal headquarters design department, a plant gesiy

group, or an c¢xternal architect-engineer. A licensing function may reside in
design or operations. Similar considerations apply to construction, QA,
procurement, project management, etc. Therefore we wil} identify cost

elements by examining regulatory requirements in terms of related functional
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responses. To each functional response we will assign corresponding cost
elements. Our “typical™ utility, therefore, exhibits typical functional
responses to regulatory requirements.

Functional responses are listed together with the “organization affected" --
namely, utility (U),architect-engineer (A-E), constructor (C), or other
vendor/contractor (V). Where more than one organization may be affected, an
attempt is made to indicate this. Both the functional responses and
corresponding cost elements are liberally annotated to provide the reader with
insights obtained in the course of the discussions with utility

representatives.

2.2 Accident Monitoring Instrumentation

The six parts of the Accident Monitoring Instrumentation requirement were not
necessary for all plants surveyed, nor were all of the items which were
necessary completed at all plants. The six parts were sufficiently similar in
terms of functional response, however, to address the requirement as a single
entity. Table I.a. presents the functional response elemerts corresponding to
the consolidated regulatory requirement. Although the functional responses

are presented roughly in chronological order, some of the elements may have been
undertaken simultaneously or even in a different order by some utilities.

The cost elements corresponding to each functional respense are given after
each functional response in Table l.a. An alphabetized 1ist of cost elements
is contained in Table I.b.




Table I.a.
Functional Responses to the Accident Monitoring
Instrumentation Requirement

Analyze the requirementl (u)
Involved (a) project management, (b) engineering, and (c) clerical

labor

Perform conceptual design of the modification, including unresolved
safety question determination, estimates of detailed design and
installation efforts, outside procurement requirement, preliminary
schedule (A-E and/or U)
Involved (a) project management, (b) engineering, (c) clerical, and
(d) drafting labor

Evaluate budget requirementl(u)
Involved (e) administrative, (f) accounting, and (c) clerical labor

Perform detailed design, including specifications for outside

procurement, and safety analysis, as necessary2'3 (A-E and/or U)
Involved (a) project management, (b) engineering, (c) clerical (d)
drafting, and (g) QA labor, and possibly (h) computer analysis

Procure materials and equipment, including preparation of the bid
package, evaluation of proposals, and preparation of purchase order‘ (U

and V)
Involved (a) project management, (b) engineering, (c) clerical, (e)

administrative, and {g) QA labor, as well as purchased (i) equipment
and (j) materials

Plan installation, including detailed procedures, labor requirements, and

schedule5'6 (C and/or U)
Involved (a) project management, (b) engineering, and (c) clerical

labor

Install equipnent7'8 (v9 and/or C and/or U)
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Involved (a) project management, (b) engineering, (g) QA, (k) craft
supervisory, (1) craft, (m) radiation protect'lon,l and (n) security
labor, and possibly (o) replacement powerm’11

8. MWrite procedures for testing, c)eration, and maintenance of the new
equipment (U)
Involved (a) project management, (b) engineering, and (c) clerical
iabor

9. Test installed equipment8 (v)
Involved (a) project management, (b) engineering, and (p) technician
labor

10. Train operating personnel in the operation and maintenance of the new
equipment (U)
Involved (a) project management, (b) engincering, (c) clerical, and
(p) technician labor

11. Obtain NRC approval for design, safe operation, and revised technical
specifications (U)
Involved (a) project management and (c) clerical .abor

12. Operate and maintain new equipment (U)
Involves (1) craft and (p) technician labor, and possibly (q) change
in plant efficiency

Notes:
lThis step was frequently bypassed in the interesc¢ of expediency.

2Accord1ng to TVA statistics, this step generally consumes only 6-7% of
the total project costs {for new plants?.

3Des19n costs for modifications to other plants are generally higher than
those for newer plants because it may be time consuming to locate
drawings, and once they are located, they may not be accurate. Also,
visits to the plant by the design team may be necessary to accurately
locate existing equipmert.
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4Vendors must be pre-qualified, an indirect cost.

5This involves a considerably lesser effort for a plant under construction
than an operating plant.

6The installation is planned for a scheduled outage, although the
procedure is iterative, since the length of the outage is dependent on
the work to be performed, amongst other considerations.

7This response element, which includes the unloading, handling,inspection,
erection, and installation of equipment, generally dominates the costs,
particularly for an operating plant. The productivity of labor is very
inefficient in a radiation environment.

BAt this step, it is frequently discovered that it is necessary to change
the design, in which case we go back to Scep 4. This occurred at least

once for one of the surveyed utilities, resulting in an increment of work

which was at least 50% of the original effort,

9Several utilities use outside contractors to supplement in-house
radiation protection and security during an outage.

10This cost component does not apply to a plant under construction.

11Even if the modification is scheduled during a planned outage, there is
potential to extend the outage, resulting n the need for replacement
power. It is not possible to examine regulatory requirements
individually when evaluating the potential for outage extension, since it
is th- combination of all of the modifications that affects outage
schedule.
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Table I.b.

Cost Elements Relating to the
Accident Monitoring Instrumentation Requirement

a. Project Management Laborl'z
b. Engineering I.aborl

c. Clerical Laborl

d. Drafting Laborl

e. Administrative Laborl

f. Accounting Laborl

9. Quality Assurance/Quality Control Laborl’3
h. Computer

i. Equipment"s'6

5. Haterialss’7

k. Craft Supervisory Labor1

1. Craft Labor!

m. Radfation Protection Laborl’a
n. Security Laborl

0. Replacement Power9

p. Technician Laborl»10

9. Change in Plant Efficiency
Notes:

1Direct labor includes base wages, fringe benefits, employee benefits, and

overhead. Items to be included in overhead vary by the worker category
and by individual accounting practices. Indirect costs applicable to
this regulatory requirement include company management and
administration, expendable materials (such as concrete, fittings, cable,

:t:i); construction equipment, document storage, reproduction, and
uildings.

z?roject management is intended to include all professional management and
supervision directly related to the project, not only that of the overall
project manager.

3Inc!udes Non-Destructive Testing.

‘Includes cost of frefght and spare parts included with the procurement of
the original equipment.
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5Evaluation of the cost of safety-grade equipment is tricky. A factor of
10 may need to be applied to the off-the-shelf cost to account for QA,
seismic qualification, environmental qualification, etc.

61f equipment or materials are capitalized, it may be necessary to
consider financing costs.

7Some materials, such as concrete fittings, cable, etc., may be included
in overhead.

8Includes professional health physicists and H.P. technicians.

9At one of the plants surveyed, installatic. of the hydrogen monitor
extended the planned outage by 15 days, or approximately 20%.

] .
‘Olncludes supervisory level non-professionals.
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2.3 Emergency Planning and Revisions

Functional response elements relating to the Emergency Planning Requirement
are presented in Table Il.a., followed by the corresponding cost elemenis in
Table I1.b. An additional organizational identifier, “S-L," which denotes
state and local government, follows some of the functional response elements
in Table Il.a.

The Emergency Planning requirement that was selected for this study, as
described in the Introduction to this report, does not include the extensive
emergency response facilities' capability nor the meteorology upgrade
additionally required by the Commission. The costs of these additional
requirements are likely to swamp the costs of the requirements examined here.
However, our focus is on the "software"” aspects of the emergency preparedness
upgrade following Three Mile Island. Accordingly, we are also ignoring the
costs of notification systems, communications systems, survey instruments, and
computers, each of which is significant.

One of the interesting aspects of the emergency planning requirement is the
significant continuing costs related to maintenance of the plan and
procedures, training of personnel, conducting exercises and drills, and
informing the public. Most of the utilities have established discrete units
within their organizations to conduct these activities, staffed by several
professionals and support personnel. These units may be located within the
operating organ or within a central service organization, in which case
emergency preparedness coordinators are appointed at the plants. In general,
however, these emergency preparedness units did not exist during the early
response to the NRC requirement. Therefore, functional response elements 1
through 4 in Table I1l.a. were typically coordinated by an ad-hoc organization.

SC&A



Table Il.a.
Functional Responses to the
Emergency Planning Requirement

Analyze the requirement (U)
Involved (a) project management, (b) engineering, (c) clerical, and
(d) executive labor

Rewritel Emergency Plan consistent with the format of NUREG-0654 (v,
and/or U, and S5-L)

Involved (a) project management, (b) engineering, (c) clerical, and
(e) radiation protection labor, and possibly (f) labor-hour
contract(s) with private consu]tant(s)2 and (g) contract(s)/grant(s)
to the state(s). (h) State official and (i) local official labor at
various levels were also required.

Write Emergency Procedures in Support of the Emergency Plan (V, and/or U,
and S-L)

Involved (a) project management, (b) engineering, (c) clerical, (e)
radiation protection, and (j) technician labor, and possibly (f)
labor-hour contract(s) with private consultant(s) and (g)
contract(s)/grant(s) to the state{s). (h) State official and (i)
local official labor at various levels were alsc required.

Obtain NRC approval of plan and procedures, and revised technical
specifications (U)

Involved (a) project management and (c) clerical labor.

Continuously maintain Emergency Plan and Procedures, train personnel, and
inform the public (V)

Involves (a) project management, (b) engineering, (c) clerical, (e)
radiation protection, (j) technician, and (k) public relations labor.
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During training, plant operating labor is involved.3 Also may involve
(g) zontract(s)/grant(s) to the state(s).

Arnually conduct exercises and drills (V and/or U and S-L)

Involves (a) project manapnement, (b) engineering, (c) clerical, (d)

executive, (e) vadiation protection, (k) public relations, and (1)
aeaministrative labur, (m) simulator time, and possibly an (f) outside

contract.4 (h) State and (i) local official labor at various levels
are also involved. Additional plant personnel labor is tied up.5

Notes:

1Emergency plans already existed for all sites; the requirements of
NUREG-0654 were so extensive, however, that existing documentation was of

little help.
2These include contracts for evacuation studies.

3Typ1ca11y. approximately 50 plant operating personnel may be trained for
one week annually. Assume that these personnel are technicians.

4For scenario development.

SExercises involve significant disruptions in plant operations, the costs

of which are difficult to quantify,.




Table I11.b.

Cost Elements Relating to the Emergency Planning Requirement

Project Management Laborl'Z

Engineering Laborl
1

Clerical Labor

Executive Labor1'3

Radiation Protection Laborl'4
Labor-Hour Contract (private)
State Contract(s)/Grant(s)5
State Official Labor

Local Official Labor
1,6

T O - " a N T o

—
.

Technician Labor

Public Relations Laborl
Administrative Labor1

Simulator

Notes:

1Direct labor includes base wages, fringe benefits, employee benefits, and

overhead. Items to be incluced in overhead vary by the worker category
and by individual accounting practices. Indirect costs applicable to
this regulatory requirement include company management and
administration, document storage, reproduction, and buildings.

2Project management is intended to include all professional management and
supervision directly related to the project, not only that of the overall
project manager.

3ExPCUt1ve labor is normally included in overhead as an indirect cost.
However, executive involvement was so extensive in implementing this
requirement that explicit recognition of this cost element was deemed to

be desirable.

4lncludes professional health physicists and H.P. technicians
5The extent of state funding for emergency preparedness varies from
utility to utility, depending on local political considerations, amongst
other factors.

6Inc!udes supervisory level non-professionals
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3.0 MAGNITUDE OF THE COSTS

This section contains quantitative cost data which were available for the two
regulatory requirements we examined. The data were not comprehensive, and
detailed breakdowns were largely unavailable.

3.1 Accident Monitoring Instrumentation

The total costs for each of the six parts of the accident monitoring
instrumentation requirement are given in Table III. For some of the plants,
tocally disaggregated costs are not available. Also, parts of the requirement
were not necessary to impiement at a couple of the plants. There are some
comforting consistencies in the magnitude of the costs for several of the
parts of the requirement from plant to plant, and some striking anomalies.
Some of the anomalies may be explainable; for example, the high cost of
fodine-particulate sampling for the 2 unit PWR under construction may be due
to the fact that this is only a budgeted, not an actual cost. On the other
hand, we are unable to explain the difference in containment water leve)
instrumentation costs between the two BWRs.

It is important to realize that there may be large real differences in costs
for any specific requirement between seemingly comparable plants. Costs are
influenced by the availability of accurate design drawings (a function of the
plant age), the ~ccessibility of components in high radiation fields, the
tightness of planning and management control, and, to a certain extent, good
old fashioned luck. At one of the surveyed plants, an Engineering Change
Notice had to be issued because of inadequate cooling to an instrumentation
cabinet, resulting in an additional effort of approximately 50% of the initial

effort.
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TARLE 111

Magnitude of the Costs for Accident Monitoring Instrumentation

Utility #1 Utility #2 Utility #3

2 unit op. 3 unit op. 2 unif op. 2 unit 2 unit 1 unit op.

£ PWR BWR W PWR W PWR e op. BWR W PWR
(const.)®

Noble Gas Monitor $1500K
lodine-Part. Sampling N/A
"Both of Above -

Contain. High Range
Monitor 425K

A1l 3 of Above --
Containment Pressure 370K

5 Containment Water
¥E Level 302K

Containment Hydrogen 1300K

Notes:

2Budgeted, not actual costs

N/A

N/A

200K

350K
1000K

N/A
N/A

£513K

493K

-

407K

Not required

Not required

$533K

3065K

120K

N/A

N/A

3Includes replacement of other monitors in containment in addition to hydrogen monitor

N/A N/A
N/A N/A

N/A N/A
$5800K $700K

175K 102K
2500K 217K
9300K° 260K

lDoes not include materials cost, estimated to comprise approx. 30% of the total
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We were successful in obtaining only limited data on materials (including
equipment) costs, shown in Table IV. These data illustrate the relatively
small contripution that materials make to the total costs of these
modifications. Clearly, an initial cost estimate based only on materials
costs would be grossly in error.

The contribution of design costs to total costs is illustrated in Table ¥,
based on slightly more data. Table V points out that, on the average,
engineering design may well contribute more to total costs than materials.

Finally, Table VI illustrates the contribution of radiation protection and

security to total installation costs at one of the plants. These costs are
not negligible.
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Table IV

Materials Costs As A Percentage of Total
Costs for Accident Monitoring Instrumentation

Utility #1 Utility #3
2 unit op. CE PWR 2 unit op. BWR

Noble Gas Monitor 10% N/A
lodine-Particulate

Sampling Not required N/A
Contain, High Range Monitor 21% N/A
A1l 3 of Above -
Containment Pressure 18%
Containment Water Leve) 6%
Containment Hydrogen 10%

219
N/A




TABLE ¥

Engineering Design Costs As a Percentage
of Total Costs for Accident Monitoring Instrumentation

Ut ity A1 Utility #2 Utility #3
z unit op. CE PWR 2 unit op. W PWR® 2 unit op. BWR

Noble Gas Monitor 22% N/A N/A
lodine-Particulate Sampling Not required N/A N/A
Both of Above 30% ---
Contain. High Range Monitor 5% N/A
A1l 3 of above - 221
Containment Pressure 5% N/A
Containment Water Level Not required 307

Containment Hydrogen Not required 6

Notes:

1Includes costs of Project Management

2Tota] does not include materials cost; thus this percentage reflects the
ratio of design labor to design plus installation labor
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TABLE VI

Radiation Protection and Security Costs
As a Percentage of Installation Costs for
Accident Monitoring Instrumentation

Noble Gas Monitor
lodine-Particulate Sampling
Contain. High Range Monitor
A11 3 of Above

Containment Pressure
Containment Water Level
Containment Hydrogen

Note:

Utility #3
2 unit op. BHRI
Radiation Protection Security
N/A N/A
N/A N/A
N/A N/A
5% 0.4%
N/A N/A
7% 1%
4% 0.6%

lBased on 1983 project costs only
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3.2 Emergency Planning and Revisions

There was no formal tracking of costs at any of the three utilities surveyed
during the development of the emergency plans or procedures. Continuing costs
for maintaining the plan and training are fairly well known, but the costs for
conducting an exercise are so diffuse that it is difficult to get a handle on
them. One of the utilities substantially funded the states during the
development of the off-site plans, and continues to provide them funding for
the maintenance of the off-site plans.

Rough estimates were made by each of the utilities for the costs of some of
the functional response elements given in Table II.a. We have taken the
liberty of converting estimates given in man-years to dollars. No attempt was
made to disaggregate costs by individual plant. The composite of these
various estimates are given in Table VII.

Despite the tenuous basis for most of the estimates given in Table VII, there
is surprising consistency between the two available estimates for the
development of emergency plans and procedures, and between the two available
estimates of the in-house costs of maintaining the plan. The funding by one
of the utilities of the state governments is anomalous, although other
utilities have provided direct grants to the states for off-site emergency
planning. Also, little can be surmised from the estimates of the costs of
annual exercises, since these were all very rough estimates.
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Table VII
Magnitude of the Costs for Emergency Planning

Utilit! #1 Ut?litz #2 Uti]it! #3
(1 station) (3 stations) (2 stations)

Develop Emergency Plan and

Procedures
In-house effort N/A
Private contract None
State contract $3300K

Annual Maintenance of
the Plan B
In-house effort 650K 500-600K

State contract 915K None

Annual Exercise 5
In-house effort 100K 175K
State effort N/A N/A

5

Notes:
1
“Based on utility estimate of 6 man-yrs at 50K/man-yr

2Eased on utility estimate of 310 man-days at $150/man-day
3

4

Based on utility estimate of 200 man-days at $150/man-day

$300K/yr for unit at headquarters plus $150K/yr for team performing
radiological monitoring and meteorology plus $165K/yr for time of plant
personnel undergoing training plus $12K/yr/plant for plant coordinators

5ROugh estimate




4.0 COMPARISON BETWEEN COST ESTIMATES AND COSTS INCURRED

The three utilities surveyed differ in the n2thods used to perform an initial
cost estimate of a plant modification. At one of the utilities, time
permitting (and it frequently doesn't), the esimate is based on the results of
an interdisciplinary conceptual design of the modification. At another it is
based on a “"rap session” attended by a few engineers. A small sample of
comparisons indicates that the accuracy of the original estimate is
independent of the sophistication of the methods used.

There were no original cost estimates available for the Emergency Planning and
Revisions Requirement. Only one utility had some data relating to the
Accident Monitoring Instrumentation Requirement, and a comparison of these
original cost estimates with actual costs are given in Table VIII. In
general, the original estimates are lower than the actual costs by roughly one
order of magnitude.

One other utility, with the two-unit operating CE PWR, had some comparative
data for an aggregate of several TMI items. For this aggregate, the original
cost estimate was $10 million and the actual cost was $17 million. For this
same utility, the fire barriers under the fire protection requirement (10 CFR
50, Appendix R) cost $1.8 million, whereas the original cost estimate was $8
million., The comparison between the estimated and actual costs for the
alternate safe shutdown mechanism under the same regulatory requirement was
much closer -- $6.5 million (original estimate) versus $8 million (actual).
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Table VIII
Comparison Between Cost Estimates and Costs Actually Incurred

Utility #3
2 unit op. BWR
Original Cost Est. Actual Cost

Noble Gas Monitor N/A N/A
Iodine/Part. Sanpling N/A N/A
Contain. High Range Monitor N/A N/A
A1l Three of Above $650K $5800K
Containment Pressure 165K 175K
Containment Water Leve) 208K 25000\
Containment Hydrogen 564K 9300k

Notes:

1(0nta1ns work in addition to the installation of containment hydrogen

monitors. Also

o - nt ~ramn) +
WOrK 1S not compiete.




APPENDIX B

COMMERCIAL NUCLEAR POWER ELECTRIC GLNERATING
PLANTS IN THE UNITED STATES*

Con-  Commercial
struc-  Operation
United States S o
Nel Reactor Genarator Architect stage sched- or ex-
NORTHEAST Mwe  Type Supplier Supplier Engineer Constructor (%)  wiet pecied
Baltimore Gas & Electric Co
» Caivert Ciiffs 1 (Lusby, Md.) 850 PWR CE GE Bechtel Bechtel 100 1 Vs
o Calvert Ciffs 2 (Lusby, Md.) 850 PWR CE w Bechte! Bechtel 100 Ve 4n
Boslon Edison Co.
® Pilgrim 1 (Plymouth, Mass ) 670 BWR GE GE Bechtel Bechtel 100 W0/7Y 1272
Connecticut Yankee Atomic Power Co
® Haddam Neck (Haddam Neck, Conn.) 582 PWR w w S&w Saw 100 1167 168
Consolidated Edison Co.
® indian Point 2 (Indian Point, N.Y.) 873 PWR * W UEAC Wedco 100 wes 74
Duquesne Light Co.
® Beaver Vailey 1 (Shippingport, Pa.) 833 PWR W w Saw SawW/OLC 100 &3 am
Beaver Valley 2 (Shippingport, Pa ) 833 PWR w w Saw DLC 781 1W0/78 86
GPU Nuclear Carporation
® QOyster Creek 1 (Forked River, N.J.) 620 BWR GE GE BAR/GE B&AR 109 268 1269
* Three Mile Island 1 (Londonderry Twp., Pa) 792 PWR BAW GE Gilbert UEsC 100 a7 974
® Three Mile Islanc 2 (Londonderry Twp., Pa) 880 PWR BAW w B&R UESC 100 §73 12778
Island Lighting Co.
Shoreham (Brookhaven, N.Y.) 820 BWR GE GE Saw Utility 99 75 early 85
Maine Yankee Atcmic Power Co
® Mane Yankee (Wiscasset, Me ) 825 PWR CcE w S&W Saw 100 1272
New York Power
® indian Point 3 (Indian Point, N.Y.) 965 PWR w w UEacC Wedco 100 a7
® James A FitzPatrick (Scriba, N.Y ) 821 BWR GE GE Saw J.P Bell 100 113 175
Niagara Mohawk Power Corp.
& Nine Mile Point 1 (Scriba, N.Y ) 610 BWR GE GE Utility Saw 100 11/68 12/69
Nine Mile Point 2 (Scriba, N.Y.) 1080 BWR GE GE Saw S&w 7% 7778 10/86
Northeast Ulilities
o Milistone 1 (Waterford, Conn ) 660 BWR GE GE Ebasco Ebasco 100 669 12770
® Milistone 2 (Waterford, Conn ) 870 PWR Ct GE Bechtel Rechtel 100 474 12775
Milistone 3 (Waterford, Conn.) 1150 PWR w GE Saw Saw L1} 78 86
Pennsylvania Power & Light C