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Introduction

This paper describes the approach used at Argonne National Laboratory to
apply the techniques of quality assurance to research and development
activities. The discussion will include:

- the approach

- the reasons that it is gaining acceptance

- its wide applicability.

This approach is founded on the lessons learned in management of quality
at Argonne National Laboratory over a period of more than 15 years. Lest one
conclude that the approach described here is appropriate only for research, we
note that its elementary nature makes it also suitable as the foundation of
many systems for managing quality, including production and manufacturing.

The discussion in this paper is confined to the practices at the Illinois
site of the Laboratory where more than 3,000 researchers and support personnel
conduct basic and technology-directed research. The Laboratory has a site in
Idaho where all activities involve nuclear facilities, therefore the more
traditional form of quality assurance is applied there and they have a *v

r*'.-. •• i{i
separate quality assurance program. \ > W ^
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Background

Argonne National Laboratory is one of the Department of Energy's
multiprogram laboratories, and as such conducts many programs spanning a
number of scientific and technical disciplines. It has been operated for the
Department of Energy by the University of Chicago for more than 40 years. The
Laboratory's mission includes

- basic research in the physical and biological sciences

- development of research facilities for the national scientific

community

- applied research in fission, fusion, fossil, energy conservation

technology, and energy-related biotechnology

- outreach activities in technology transfer and manpower training.

Before 1968, quality assurance was actually ad hoc quality control
applied to safety-related concerns. There was only isolated, if any, formal
application to research, and little incentive to develop a quality assurance
policy or a laboratory-wide, institutional program.

In the early '70s the U.S. Atomic Energy Commission (AEC) launched an
effort to formalize quality assurance programs for its national laboratories
in reactor and associated nuclear research. As a result of the move toward
standardization, a formal centralized program was developed at Argonne. The
program was based on concepts used in the aerospace industry, AEC Reactor
Development and Technology Standards, and the AEC policy issued in 1972. In
retrospect, it appears that the use of standards imposed from without the
organization performing the research was perceived by those accountable for
results as usurping management prerogatives. The result was a lack of
commitment to the quality assurance program and insufficient documentation to
meet standards for quality assurance programs.
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In 1981, the Department of Energy issued Order 5700.6 which designated a

national consensus standard, NQA-1*, to guide quality assurance programs.

Because the standard is intended for use with nuclear facilities, its

application to the nuclear reactor and related activities at the Laboratory

met with some success. The attempt to apply the standard to pure research,

and even to technological investigations was less successful.

In an effort to make "traditional" quality assurance work in a research

environment, the Argonne program was decentralized early in 1985. Each

division became responsible for its own quality assurance program. Heads of

line organizations appointed members of their staffs to represent them in

quality assurance matters. These "quality assurance representatives" were

given training by the institutional quality assurance office. Because of

this, personnel now have someone in their organization to turn to for help

with quality assurance planning and implementation. There are 38 Quality

Assurance Representatives, Coordinators and Engineers working within the

divisions at the Illinois site of the Laboratory.

The institutional quality assurance office has a staff of six Quality

Engineers. It is a staff office that reports to the Laboratory Director's

office. The institutional office formulates policy, provides guidance and

controls audits. It is responsible for the overview of quality assurance

programs at both"sites of the Laboratory.

The Argonne Approach to Quality Assurance

Since it was impractical to try to apply "traditional quality assurance"

to basic research and to some aspects of truly innovative technological

investigations, a new approach was needed. The Department of Energy's Order

5700.6 allows flexibility in the application of the NQA-1 standard. It was

decided to take advantage of that flexibility and to tailor quality assurance

•Standard NQA-1 issued by the American National Standards Institute and the
American Society of Mechanical Engineers. It is called "Quality Assurance
Program Requirements for Nuclear Facilities".
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to the job. This approach allows each research entity to provide its own set
of quality assurance practices, provided that they are reduced to writing and
are implemented in such a way that they can be readily audited.

Freeing the research entities from an onerous set of standards imposed
from without, presented them with the need to determine "how much quality
assurance was enough" for their operations. The institutional quality
assurance office has developed an approach that leads a division, department
or individual to a rational and defensible determination of a quality
assurance plan tailored to their needs. This was done by introducing the
question of "risk". It must be emphasized that this does not involve a
probabilistic risk assessment.

Whenever an enterprise is undertaken, it has certain risks of greater or
lesser severity. In the Argonne approach, the risks are identified and
"traditional quality assurance elements" are selected to eliminate or mitigate
them. As a prelude to setting up a quality assurance program, an individual
responsible for the results contemplates risks such as the following:

o Injury to the public

o Injury to on-site personnel not involved in the project

o Injury to participants in the project

o Negative effects on the reputation of the Laboratory

o Negative effects on the schedules of the project or those of other
people

o Negative effects on status or costs of the project

o Negative effects on the reputation of the researcher.
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Clearly, if a project's nuclear reactor can injure the public a responsible
person will probably select at least all of the elements offered by NQA-1 as
an aid in reducing that risk. An individual, solitary researcher will select
a much smaller set of elements to help prevent the risks to which the
enterprise is exposed.

In several places, the reader may have noted phrases such as, "usurping
management prerogatives", "each research entity provides its own set of
practices", "risks are identified and elements are selected", and "responsible
person select". To ensure that an important aspect of the Argonne approach is
not missed, be aware that those within the line organization, whenever
possible, derive and evolve for themselves the quality assurance provisions
they need. Thus, in line with their responsibility for quality assurance,
those who are accountable for results decide how much quality assurance is
enough; not someone from outside the organization.

An enterprise has certain "technical requirements". These requirements
are the "objectives, goals, aims or expectations that are so important that
the manager* will insist that they be met before the results of the work are
released". Quality assurance practices, or elements, are selected after
identifying the technical requirements for a project and examining the
foreseeable events that can cause it to not meet its technical requirements;
i.e., what are its risks of failure? The practices selected in this way are
then written down and become the manager's quality management statement for
the project. In effect a determination of how much quality assurance is
enough for that particular project has been made.

Clearly, some "technical requirements" may be imposed by the sponsor of a
program. In those cases, the sponsor usually specifies the quality assurance
program. This is normally the case for operation of nuclear facilities or
where compliance with environment-, safety-, or health-related regulations is
mandatory.

*A "manager" is a person who determines what the product of activity is to be.



Application of the Argonne Approach

The approach is applied as follows. The technical requirements are
identified, as are the activities and items that can affect the ability to
meet the requirements. The risks and consequences should these activities and
items not meet requirements are determined; consequences such as unsupported
or unacceptable reported results, failure of equipment, additional program
cost, schedule slippage, environmental insult, or unsafe conditions are
addressed.

Using the risks and consequences as criteria, the long list of activities
and items is shortened to include only those for which non-routine control is
needed. The controls are then selected from the organizations' quality
assurance practices or the Laboratory manual.

Until the routine becomes automatic with practice, the manager identifies
each essential in order: requirements, quality-affecting activities, risks,
and consequences. The approach is eventually applied more by intuition than
by rote.

One way to identify the essentials is to ask specific questions that help
to highlight the risks the manager is not willing to accept, and to identify
the quality assurance practices that reduce those risks. Without a means to
focus on the requirements, quality-affecting activities, risks, and
consequences, that are unique to an individual situation, one is tempted to
adopt quality assurance practices that may work well only under a different
set of circumstances.

Answers to the following, which are only a few of the questions asked,
led to prescription of quality assurance practices considered appropriate for
one of the Argonne research organizations:

How can the identification of the four essentials be expedited?

Who identifies them and when?
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What results need to be recorded, and who keeps the records?

How do we get from the list of essentials to a written designation of the
quality assurance practices needed?

The resulting prescription, drafted for that portion of the
organization's quality assurance plan that deals with identification of the
essentials, is as follows: "The section head, with input from the Principal
Investigator, identifies the technical requirements for the activities of the
program. Technical requirements are defined for quality assurance purposes,
as the tasks which are so crucial to meeting goals that, if their performance
does not meet the Principal Investigator's expectations, the task must be
redone or a material object replaced. Uncertainty may be such that technical
requirements cannot be identified using this definition. Formal quality
assurance is specified for the work if and when requirements can be defined.

For each activity for which technical requirements can be identified the
following information is recorded:

o the technical requirements

o the activities and items that need non-routine controls to help
ensure that they meet these requirements

o the portions of the organization's quality assurance plan that are
needed to reduce to a level that is acceptable to the Principal
Investigator, the risks and consequences of not meeting
requirements.

The record is maintained in the project/program file and a copy is sent to the

organization quality assurance representative."

This excerpt illustrates one way that the Argonne approach has been

translated to a working plan.
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Acceptance of the Argonne Approach

The concept was implemented at ANL-East starting early in 1986.

Acceptance of the approach is measured by a noticeable reduction in resistance

to quality assurance. Plans are being written by organizations for which

quality assurance is not rigidly specified, not just by organizations for

which establishing a system is compulsory. Statements such as "our colleagues

in the quality assurance office" have been made. Acceptance is attributed to

the fact that the approach is rational, supportive, positive, and easily

understood. In addition, the approach is straightforward, not elaborate, and

there is little that can be misunderstood, misapplied, or resisted. It is

basically the planning process that has been used for years by many managers.

Utility for Managing a Broad Range of Activity

Reduced to essentials, the Argonne approach for applying quality

assurance is identifying the risks that an activity runs of not being

successful, and selecting practices that eliminate the risks; in a word,

determining how much quality assurance is enough. Because of commitment to

these essentials, quality assurance is being applied at ANL-East to

manufacturing, shop fabrication and other production, to maintenance and other

services, to facilities construction and operation, as well as to research

activities.

The freedom from bureaucracy, and the compatibility with the way people

operate, that is built into the Argonne approach, makes it potentially self-

managing and self-sustaining. There is already a reduction in the need for

the quality assurance office to remind line managers to prepare a quality

assurance plan. Quality management is growing as Laboratory personnel

motivate themselves, encouraged by the process, to evolve their own controls.

Independent Overview of the Approach

The functions of the quality assurance office at the institutional level

are mainly to train and assist personnel in application of the quality

assurance approach, develop and interpret quality assurance policy, conduct
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supplier qualification and surveillance, maintain the Laboratory program

manual, coordinate management overview and audit, and provide other services

that are effective when centralized.

It is important to note that though the Argonne approach is democratic,
comments on quality assurance plans are independently prepared by the quality
assurance office before plans are implemented. If planning appears to be
reasonable, the Laboratory Quality Assurance Officer supports the plan.
If not, the Officer suggests additional risks or consequences that the manager
may wish to consider. Using this approach for the vast majority of work, we
find no need to sign off indicating review by the quality assurance office.
We remain in the stream in a non-intrusive way, so as not to confuse the
message that line management is responsible for quality assurance.

Summary

Characteristics of the Argonne approach that help ensure its long term
effectiveness are summarized below. This approach to quality assurance

- is simple in concept and use

- answers the questions, "How much quality assurance is enough?" and

"Who decides?"

- leaves full responsibility for quality assurance planning and
application with those who are accountable for results

- uses criteria derived by those doing the work to select the needed

quality assurance provisions and

- is as applicable to a basic research effort as to a structured

activity.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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