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ABSTRACT

During 45 years of nuclear technology develop-
ment and experience, Stone & Webster (S&W) has
developed and successfully applied various
innovative techniques to numerous nuclear
projects. These techniques, developed pri-
marily iu response to the increasing scope and
complexity of nuclear power plants, have been
used and refined to provide efficient manage-
ment of the two major nuclear project activi-
ties - design and construction. For this paper,
these techniques have been divided into:
1) engineering-based innovations, 2) construc-
tion-based innovations, and 3) management-based
innovations.

INTRODUCTION

The scope and complexity of central station
nuclear power plants increased significantly
during the 1970s and 1980s. Technical innova-
tions, new standards and codes, and increased
regulatory requirements were the primary causes
of this expansion. Accommodation of this
substantial increase in scope and complexity has
been an ongoing challenge to the design, con-
struction, and management of new nuclear power
plant projects.

S&W has responded to this increased com-
plexity through development, use, and refinement
of innovative techniques for managing the two
major activities related to nuclear power plant
technology: design and construction.

The techniques cover a wide range of areas,
including organizational development, management
systems, technological specialization1, stan-
dardization, technology transfer and training,
computerization, and configuration management.
For the purposes of this paper, the innovative
techniques developed, refined, and used success-
fully on a number of nuclear projects are
addressed in three areas: 1) engineering-based
innovations, 2) construction-based innovations,
and 3) management-based innovations.

ENGINEERING-BASED INNOVATIONS

S&W has been and continues to be an
industry leader in the development and appli-

cation of innovative engineering and design
methods, approaches, and procedures for accom-
plishing various project tasks. These include:
computer-aided design (CAD); severe accident
source-term technology2; a preapproved standard-
ized reference balance-of-plant design3 that can
be matched with many different pressurized water
reactor nuclear steam supply systems; generic
equipment, installation, and erection specifi-
cations that can be quickly and easily adapted
to a project; standardized administrative and
technical procedures; simulation workshops; and
computer-aided engineering. The latter category
includes hundreds of state-of-the-art computer
programs for achieving cost-effective and
•accurate solutions to technical problems and
designs. To demonstrate how the S&W experience
and capability in innovativeness can benefit a
nuclear power plant project, subsequent sections
of this paper address three techniques: auto-
mated pipe stress analysis and pipe support
design; an advanced approach to probabilistic
risk assessment (PRA); and a comprehensive
program for attaching supports to structures.

Pipe Stress and Pipe Supports

One of the many management challenges in a
nuclear power plant project is in the area of
pipe stress and support design. It is tempting
to treat pipe stress analyses and pipe supports
themselves as commodities since they are so
numerous, yet each is in fact unique. Managing
this activity is facilitated by automating the
process, which ensures consistent design ap-
proaches and design bases throughout.

Some of the major S&W programs developed
for pipe stress analysis and pipe support design
are shown in Figure 1. Those areas which
require the most time have been automated. For
stress analysis of large piping system tran-
sients, 50 or more time-force sets can be
generated of which each may contain 100 or more
data points. The translator program eliminates
the major transcription effort that would be
necessary without the direct link to recode the
piping model into input to the pipe support
optimizing program. For pipe supports, a
program has been developed which will size all
support frame welds using automatically pro-
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Fig. 1. Pipe analysis and design
computer programs.

cessed load data from the program used to
analyze the frame structure.

These computer programs, developed for
specific applications, are not general purpose
commercial programs, which traditionally have
unnecessary capabilities, excessive computer
code requirements, and complex and confusing
user's manuals. Application and use of specific
programs allow the flexibility of modifying and
linking computer programs to increase efficiency
and reduce work schedule time by substantially
reducing the time required to manually extract
information from one program, reformat it for
the next program, and manually input the infor-
mation. .In addition to .the time savings, these
direct links eliminate errors that may occur in
the manual transcription process.

PRA

A PRA is a quantitative analysis of the
probabilities and consequences associated with
technological risks and, as such, it is a
valuable design and management tool. A plant
PRA facilitates consideration of the plant as a
whole, rather than as a collection of individual
systems, structures, and components. Thus, the
contribution or importance of a single component
in the context of plant availability and its
revenue-generating capacity may be much larger
than its apparent value within a particular
system.

A PRA provides management assistance in
providing awareness of potential problem areas
for operations or maintenance. It identifies
the important risk factors and weak links in a
system. It also provides quantified counter-
arguments to limit backfits.

The PRA can now be developed by S&W engi-
neers directly on the CAD system used for the

engineering and design process. The PRA fault
trees (see Figure 2) are created directly on a
graphics terminal, with the computer program
providing lor automatic compilation of an
extract file from these fault trees. This file
is then transferred to the mainframe computer as
the input deck for fault tree reduction pro-
grams, such as the public domain SETS program or
our proprietary CSOO7 program (based on the
public domain TREPP-KITT program). A fault tree
can also be printed automatically from this
file. This approach to PRA increases project
efficiency by minimizing hand-sketched trees and
eliminating the manual coding step required to
produce the computer program input deck from the
fault tret'.

Additional efficiencies are gained when
fault trees are updated at various stages of the
PRA to reflect system design changes, as only
the modifications are entered and all changes
that result in the rest of the fault tVee are
accomplished automatically rather than manually.
This technique is compatible with all standard
fault tree development approaches. This auto-
mated approach is particularly efficient for
PRAs that will be initiated early in the design
and will be developed as plant design and
construction progress.

Integrated Support Attachment Program

The complexity of current nuclear power
plant design creates the need for cross-
discipline task groups to effectively manage
multi-discipline tasks. One such task is
associated with support attachments for piping,
cable, ductwork and tubing, all of which must be
considered together to enable efficient con-
struction. We set up a Support Attachment
Qualification Group, equipped with state-of-the-
art technology, to manage this task. This group
uses a new application of close-range photogram-
metry to produce, with a proprietary computer
program, reliable and accurate as-built loca-
tions of threaded inserts embedded in concrete.
Tlie technique has been integrated with pre-
engineered baseplate designs to form a compre-
hensive program for attachment cf system sup-
ports to structures.

One of the most important aspects of the
support attachment program is the structural
discipline-based Support Attachment Qualifica-
tion Group, responsible for development, coordi-
nation, control, and quali f icition of all system
support attachments. This group is the focal
point of the multi-disciplines concept, and
coordinates the activities of the piping,
electrical, instrumentation, HVAC, and con-
struction participants in a project team.

The group's primary responsibilities are:

» Establish guidelines for routing, design,
and plate selection by user groups

• Develop standard embedded and surface-
mounted plate catalogs, with allowable
loads for each method of attachment
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Fig. 2. PRA

• Establish space allocation for discipline/
system specific routing

• 'Resolve discipline disputes

• Establish an identification numbering
scheme for control

• Provide system support/load tracking

This approach to support attachments allows
erection of embedments, with minimal interfer-
ences with reinforcing steel, known design
capacities for every support plate, and an
interactive information system providing design
capabilities, as well as a traceable as-built
history of locations, loads, and capacities.

CONSTRUCTION-BASED INNOVATIONS
The S&W Construction Innovation Program

commenced in the early 1970s. Our objective was
to reduce construction cost and improve schedule
performance. To achieve this, ideas from
current S&W projects were documented, input from
other constructors and vendors was assembled,
and comments and new ideas were solicited from
both construction and engineering personnel.

The program was expanded in 1978 to include
site innovation coordinators, quarterly meet-
ings, and a formal innovation manual. A head-
quarters innovations staff (internally funded)
was also establish d to coordinate the program
and update our Construction Innovations Manual
on a quarterly basis.

Several important features resulting from
our construction innovations program are applied
currently to all of our construction projects.
They include: Construction Integration; the
Construction Control and Completion Program
(CCCP); Work-Force Management; special tools and
jigs for alignment, fitup, and welding; modular-
ization (see Figure 3); and automated welding.

The first three are discussed in the following
subsections.

Construction Integration

It has been S&W policy since the early
1970s to fully integrate a construction special-
ist into the engineering and design organization
for each project. "Construction integration"
is, simply, involving experienced construction
personnel in the engineering and design team
from the conceptual stage through design and
into construction. The specialist(s) resides
with the headquarters project team and is a key
focal point between the construction and engi-
neering teams. Many resources are available to
support the on-project construction special-
ist ^ ) : the headquarters construction special-
ist group, other project construction special-

Fig. 3. Reinforcing steel mat module
being transported into place.
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ists, and the headquarters construction innova-
tions group. Specific roles for a construction
specialist are:

• Review and coordinate project activities
with the project and construction managers
and with other project personnel in matters
relating to construction procedures and
policies

• Assist and counsel project personnel when
participating in project meetings that
include construction-related items

• Provide input to and review drawings and
documents for constructibility and compati-
bility with desirable construction innova-
tions; review other documents such as
project programs, drawings, systems,
procedures, specifications, schedules,
estimates, budgets, and reports to ensure
applicability to construction considera-
tions

• Assist headquarters and site innovations
personnel to ensure that the latest con-
struction technology is applied

• Keep abreast of new construction develop-
ments and conceptual items that may have a
bearing on the project

• Assist in developing project administrative
procedures and directives requiring con-
struction interface

• Assist in determining the feasibility of
model studies as construction tools

• Assist in developing the project summary
network, providing construction input and
reviewing the schedule for proper delivery
of equipment and materials to support
construction activities

• Be aware of th^ client's organization and
those within ;he S&W organization who
interface with site management

• Maintain communication with other con-
struction specialists to exchange con-
struction innovations and to identify
possible problem areas

• Coordinate and consolidate reviews from
other construction personnel as necessary

• Participate in developing and evaluating
studies where construction methods and
costs help determine tl»e feasibility or
desirability of various design concepts

• Assist Project Engineering, Field Con-
struction, and other affected project
groups in the development and coordination
of resolutions to construction-related
problems

CCCP

The primary responsibility for construction
quality resides with the construction supervi-
sors who direct the work. To have a systematic
approach to construction quality, S&W utilizes
the CCCP.

This program provides for surveillance of
all maintenance and construction work, including
that of contractors and subcontractors. This
ensures that all work performed conforms with
engineering and contractual requirements and
sound construction practice.

Administration and implementation of this
program at a site is the responsibility of our
senior site representative, with the primary
authority for directing and overseeing construc-
tion site activities resting with the supervi-
sors. The supervisor assigned responsibility
for a system, component, or activity is respon-
sible for the quality of the work as well as
conformance to cost and schedule commitments.

In planning activities, the supervisor
reviews all applicable specifications, proce-
dures, drawings, and other approved work docu-
ments to identify those specific work activities
requiring completion inspection or verifica-
tions. He also lists any tests or inspections
required and itemizes these attributes on a
construction control and completion checklist
(CCC). The supervisor uses the CCC to document
his inspection results in determining that the
work activity conforms to all applicable require-
ments. The supervisor must sign the CCC (see
Figure 4) and must notify other inspection
agencies, when required, by using the request
for inspection on the reverse side of the CCC.
A copy of the completed CCC is forwarded to the
CCCP administrator who evaluates it along with
other documents to identify problem areas,
quality trends, and work practices requiring
corrective action.

Quality accountability is maintained
through the CCCP administrator and staff who
report directly to the S&W senior site repre-
sentative. The CCCP group has the organiza-
tional freedom to search out and identify
recurring quality problems. This group con-
ducts, as appropriate, periodic audits and
inspections of supervisor and contractor per-
formance in carrying out their respective
responsibilities and provides the results of
these audits and inspections to the senior site
representative.

The CCCP establishes the parameters essen-
tial to the achievement of construction quality
and provides the vehicle for controlling in-
process work. . By holding individual supervisors
accountable for meeting established objectives,
the program provides assurance that activities
are performed properly the first time. Through
continual evaluation by senior construction
management, this program provides quality
accountability for work progress based on
individual performance. This program also
eliminates duplication of effort and provides an
innovative and cost-effective means of construc-
tion process control.

Work Force Management

The primary purpose of a work force manage-
ment program is to encourage the most cost
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Fig. A. Typical construction CCC.

effective levels of production commensurate with
the highest standards of quality. Another
purpose is to maintain the highest possible
attendance rates in recognition of the negative
impact absenteeism and tardiness have on produc-
tivity. To achieve this, a site work force
management program evaluates work efforts,
identifies and resolves construction problems,
and monitors the results of corrective action.

Among the unique features of this S&W
program is that both the human relations
approach and the industrial engineering approach
to methods improvement are emphasized. We
implement specific craft recognition/motivation
measures such as a project newsletter, sports
programs, a project open house, and various
award programs. The program also includes
nonmanual personnel motivational efforts such as
contract incentives, based on cost/schedule
milestones, and craft utilization measured by
work sampling. Variations in industrial engi-
neering approaches are also used; for example,
work sampling it; used to study specific activi-
ties and offer specific recommendations in
addition to more intermittent studies of an
entire site.

Another key feature of this program is that
it is directed by a steering committee headed by
the senior construction site representative in
conjunction with the client's site construction
manager and the project managers of the major
subcontractors. This provides top management
exposure to the problems being faced at lower
levels of the construction organization and

ensures a total commitment to achieving the
highest levels of productivity.

MANAGEMENT-BASED INNOVATIONS

Effective engineering, construction, and
project management requires the proper combina-
tion of experienced personnel, sufficient
resources, and reliable control systems. This
combination is essential to completion of
projects in a manner that meets technical,
quality, cost, schedule, and performance require-
ments .

S&W project managers have many years of
varied experience in organizing and directing
complex engineering and construction projects.
To help the project manager assist clients in
managing the increased scope and complexity of
nuclear projects, S&W has developed and imple-
mented a number of innovative project control
systems. These include the Stone & Webster
Integrated Management System (SWIMS), which is
among the most advanced in industry. Using
data-base management techniques, this system
integrates scope-of-services, cost, and schedule
information in a format that allows quick
identification of potential problems and pro-
vides accurate, timely intelligence on vhich to
base decisions.

Other systems which have been developed to
support large complex projects include the
Stone & Webster Material Resource Tracking
System (SMARTS), a transportable material
control system, and the Automated Configuration
Control and Equipment Support System (ACCESS), a
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powerful configuration management tool. These
systems are described iu the following subsec-
tions .

SWIMS

SWIMS is a network-based management system
that integrates the scope of work, schedule, and
resources of a project. It provides:

• Scope of work defiaiticn enabling precise
assignment of responsibility

• Identification of specific engineering,
construction and supporting activities

• Visibility for control of manpower and
material

• Task, time, and cost performance reports
tailored to the needs of each level of
management

SWIMS consists of two subsystems, the
Engineering Management System (EMS) and the Con-
struction Management System (CMS). EMS is used
by managers to plan and control all S&W engi-
neering and design services. These services are
broken down into products so that estimates on
hours can be assigned to each component that
makes up a particular product. CMS is used by
managers to plan and control all S&W construc-
tion and contract work.

For engineering-only projects EMS is used,
while for construction-only projects CMS is
used. For those projects involving both engi-
neering and construction, EMS and CMS are
integrated through the use of field-required
dates so interdependent constraints on engineer-
ing and construction activities can be identi-
fied. Integrated schedule, hour, and quantity
information are provided to all levels of client
and S&W management to aid in properly planning
and controlling work. For example, if a change
to a particular engineering activity impacts the
construction schedule, the extent of the impact
becomes readily apparent to management.

EMS

EMS is a computerized control system that
supports project engineering, design, and pro-
curement activities (see Figure 5). Its key
feature is the ability to integrate project
scope with cost and schedule elements, thus
providing the basis for meaningful performance
measurement of planned versus actual progress
for discrete pieces of assigned work and/or the
total project.

This is accomplished through use of a work
breakdown structure (WBS) which represents the
overall project scope divided into discrete,
trackable, and accountable components. The
engineering WBS is further subdivided into
successively smaller units of work, with the
work package level being the focal point. At
the work package level, a comprehensive descrip-
tion of services is developed, schedules and
budgets are assigned, and cost and schedule
reports are generated

$—°
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When successfully implemented and operated,
EMS provides for automatic calculation of
physical progress (percent complete) for each
work package as veil as for the summary levels.
It also provides hour, progress, and performance
indices and a forecast-to-completion. With use
of EMS, S&W has found that the parameters of
project hours, schedules, progress, and per-
formance have substantially more visibility to
concerned levels of management than ever before.
This approach to control of engineering tasks
also establishes a base for changes and provides
improved capability for assessing the impact of
these changes and for evaluating problems.

CMS

CMS is a computerized project control
system that supports construction activities and
complements EMS (see Figure 6). The key feature
of CMS is the integration of planning, sched-
uling, estimating, and cost control functions.
Tasks, schedules, hours, and material quantities
are integrated in a manner which permits direct
correlation of each line item in the estimate to
the project network schedule. This integration
is achieved through use of a construction WBS
and a common data base. The construction WBS,
which is used as the basis for preparing con-
tract estimates and schedules, also enables
pertinent data to be reported at various levels
of detail.

The basic objective of CMS is to support
early development and analysis of construction
schedules and estimates, and to provide all
project participants with sufficient information
to make eftective judgements and decisions in
managing the construction of the project. The
flexibility of this system supports its use in a
stand-alone mode or in an integrated program
where it can be tied to owner proprietary, other
architect-engineer, or contractor systems, or
S&W's EMS. It does not, in any way, restrict
the use of EMS or other management programs.

SMARTS

SMARTS is a fully developed transportable
material control system developed by S&W for
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monitoring and tracking construction material
from takeoff through procurement, receipt,
storage, requisitioning, and issue. Its major
objective is to provide a standard program that
ensures improved construction material control,
physical accountability, and traceability.
SMARTS consists of two subsystems, the S&W
Material Information System (SMIS), and the
Construction Field Inventory System (CFIS).

SMIS provides project and construction
managers with instant access to the status of
uniquely identified construction material ( i . e . ,
major equipment, tagged instruments, e tc . ) . The
system identifies incoming material by promised
delivery dates, identifies past due materials,
provides inventory status of purchase order
items and provides a history of vendor per-
formance related to deliveries. I t i s designed
to handle construction inventory control in-
dependent of the engineering, design, or pro-
curement functions. These functions, however,
may be integrated into the process by the
addition of manual or automated procedures.

CFIS is a bill-of-material-based control
system which provides improved control over bulk
material. I t utilizes existing S&W commodity
code files to eliminate unnecessary data input,
while retaining the capability of performing
main . frame takeoffs using established S&W
systems. The system also allows for entry of
field-generated requisitions and bi l ls of
material and can operate independently as a
stand-alone material system for smaller pro-
jects.

SMARTS provides for a wide range of reports
to trace materials to their drawings, work pack-
ages, requisitions, purchase orders, vendor-
promised delivery dates, field-required delivery
dates, material receiving reports, stores
withdrawing requisitions, and storage location.

These reports provide total visibili ty of
construction material and equipment from takeoff
to issue.

ACCESS

Configuration management is an integrated
management process that controls changes to
ensure that plant structures, systems, compo-
nents, and computer software conform to approved
design requirements, and that the plant's
physical and functional characteristics are
accurately reflected in plant documentation.

ACCESS is a proprietary modular system
developed by S&W to support the requirements of
configuration management. While maximum confi-
guration control is achieved when all modules
are working together, ACCESS can be installed as
a single stand-alone module or as multiple
modules integrated with existing project control
systems and computer-aided design facilities
through system links and data transfers, depend-
ing upon the needs of a particular project.

ACCESS provides the following functions:

• Document indexing and distribution

• Activity tracking

• Design information control

• Equipment information

'• Operations control

The document indexing and distribution
module enables a project to determine the status
of any design document, as well as the status of
all documents it affects and the documents it is
affected by. This module identifies all equip-
ment, vendor documents, calculations, or work
activities associated with a particular document
and offers a controlled distribution capability
to ensure that individuals who need the most

592



up-to-date information about a particular
document always have it.

The activity tracking module maintains an
index and status of items requiring either
physical work, administrative action, or project
response. This index helps a project keep
abreast of last minute design changes, field-
generated construction changes, nonconformance
corrections, and other activities such as gene-
ration of procedures, studies, and inquiry
responses. The module allows a project to
determine what equipment is affected by an
activity, who is responsible for getting work
done, and the status of design change imple-
mentations, inspection acceptance, and outage
modification packages.

The design information control module
provides an index of calculations and licensing
documents together with associated document and
equipment information. This allows a project to
identify what equipment is affected by licensing
or design calculation changes and what design
documents are affected by new safety or regula-
tory requirements.

The equipment information module tracks
design and qualification information related to
equipment items. It provides the status of
equipment from design through installation and
operation together with all associated vendor
and manufacturer information. It also covers
spare parts information for plant equipment,
down to the level of stock identification, to
support maintenance and procurement activities.

By identifying and maintaining the critical
relationships between documents, activities, and
equipment, ACCESS allows such project groups as
Engineering, Field Quality Control, and Advisory
Operations to perform their work in a safe,
efficient, and controlled manner.

CONCLUSION
S&W has developed and refined numerous

innovative techniques, programs, systems, and
procedures to assist clients in the management
of nuclear power plant projects. This tech-
nology has been applied successfully to a large
number of nuclear projects of varying types over
the past two decades and covers a comprehensive
range of areas, including automated engineering
and design methods, programs for ensuring
construction quality, and various management-
based project control systems. This innovative
technology can be used in a complementary
fashion or on an as-required basis and can
provide a means of efficiently managing the
increased complexity and scope associated with
new central station nuclear power plant con-
struction. Through the use of such innovative
technology, stemming from the experiences of the
1970s and 1980s, nuclear technology development
in the 1990s will be enhanced.

REFERENCES

1. R.E. ROEMER, P.E., et al, "Future Cost
Savings from Engineering Innovations", presented
at the 6th Pacific Basin Nuclear Conference,
Beijing, China.

2. M.J. HAZZAN, P.E., et al, "Severe Accident
Source Term Reassessment", presented at the
6th Pacific Basin Nuclear Conference, Beijing,
China.

3. STONE & WEBSTER ENGINEERING CORPORATION
"SWESSAR (Stone & Webster Standard Safety
Analysis Report) " (1974).

593


