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ABSTRACT

Work on the Advanced Photon Source (APS) at Argonne National Laboratory

(ANL) involves the construction and supporting research and development for a national

user facility for synchrotron radiation research in the x-ray region. The facility, when

operational in 1997, will provide super-intense x-ray beams for many areas of basic

research and will serve the entire U.S. x-ray research community of several thousand

users. This paper describes the pertinent features of the design, construction and planned

operation of the facility; and the impact quality has had in these areas. In addition, the

introduction of several quality management techniques such as total quality management,

reliability/availability planning, and user interface are discussed concerning their status and

success.
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INTRODUCTION

Over the past 20 years, synchrotron radiation emitted by circulating electron or

positron beams has emerged as a very powerful and versatile source of vacuum ultraviolet

light and x-rays, and a very powerful tool for proving the structure of matter and for

studying various physical processes. Several synchrotron radiation facilities with different

designs and characteristics are now in regular operation in this country and around the

world, the most recent additions being the 0.8-GeV and 2.5 GeV rings of the National

Synchrotron Light Source at Brookhaven National Laboratory.

In October 1983, an ad hoc committee was convened by the Department of Energy

(DOE), Office of Basic Energy Sciences, with the charter to "solicit and evaluate ideas from

synchrotron-radiation providers and users as to the future opportunities and technical needs

for synchrotron-radiation-based research." The finding of the committee, briefly stated,

was that the research and development programs in materials science, physics, biology,

and chemistry using synchrotron radiation could be greatly benefited by the availability of

two additional facilities in the U.S. The higher priority was given to a high-energy storage

ring capable of providing fundamental undulator radiation in the X-ray region up to 20

keV. Such a storage ring requires an electron or positron beam of energy around 6-7 GeV.

This recommendation was later studied and endorsed by the Major Materials Facilities

Committee of the National Academy of Sciences.̂

The DOE selected Argonne National Laboratory to design and build a new-

generation 6-7 GeV synchrotron radiation source. Ground breaking occurred on June 4,

1990, and installation of technical components began in the summer of 1992. A strong

R&D program to develop and test prototypes of key technical components is making vital

contributions to reducing technological risk and assuring constructability and optimal

design performance. First beam is anticipated for late 1995, coincidental to the 100th

anniversary of the discovery of the first x-ray. The facility, when operational in 1997, will
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serve the entire U.S. x-ray research community of several thousand users, with about 300

scientists able to take data simultaneously from 69 independent beamlines. Users will

include scientists, engineers, and graduate students from universities, industry, and

research laboratories.

PHYSICAL DESCRIPTION

The Advanced Photon Source will consist of a large storage ring containing some

34 insertion devices to give intense beams of hard x-rays. The injection and booster

systems will be designed to inject positrons into the storage ring at the design energy of 7

GeV. Beam currents as high as 100 milliamperes and lifetime of at least 10 hours are

anticipated. Most importantly, the lowest possible beam emittance would be sought to give

the highest brilliance x-ray source by a factor of 10,000 over any in existence.

Facilities: The accelerator complex will consist of a 200-MeV electron

accelerator, a positron production target, a positron linac, a positron accumulator ring, an

injector synchrotron to accelerate positrons to 6-7 GeV, and a positron storage ring. The

storage ring will be housed in an annular building and will provide space for 69

experimental beamlines and related equipment. The injector synchrotron will be housed in

a separate, but related, structure. The complex will also include: offices, general and

special purpose laboratories, clean-room laboratories, and miscellaneous service operations

areas. Provisions are included for site access roads, parking, service utilities, and

miscellaneous site amenities. The central laboratory/office building will contain

laboratories, administrative offices, a library, and technical areas with an associated multi-

use meeting facility.

Technical Components: The major system components for the production and

injection of positrons are of conventional design. The storage ring has approximately an

1100-meter circumference and 40 6-meter-long straight sections. It is designed so that the

positron beam size and position at each insertion device can be tuned independently for
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optimal performance. Storage ring magnets are of conventional design; however, a novel

and highly effective vacuum system is being fabricated. The storage ring will operate at an

energy (6-7 GeV) which will assure that 20-keV x-rays can be effectively obtained from an

undulator bending magnet.

Of the 40 straight sections, 6 will be occupied by accelerator equipment. Thus, a

total of 34 straight sections is available for insertion devices (undulators and wigglers). In

addition, 35 photon beams from bending magnets (BM) can be provided. The initial

complement of beamlines included directly in the project is based on three different types of

radiation sources. Several beamlines, as provided through Collaborative Access Teams

(CATs), are expected to be ready at commissioning.

QUALITY REQUIREMENTS

Because the APS Project is a Major System Acquisition (MSA), it falls under the

requirements of DOE Order 4700. l t "Project Management"^ This order currently imposes

the requirements of DOE Order 5700.6B, "Quality Assurance."4 DOE Order 5700.6B

allows the use of ANSI/ASME NQA-1 * as acceptable for meeting the requirements of the

Order.

Since ANSI/ASME NQA-1 is written for a design and construction type of activity

and APS is a major design and construction projection, NQA-i is appropriate, provided a

flexible and graded application is used.

The formal Quality Assurance (QA) Program was initiated in May 1990 with the

issuance of the APS Quality Assurance Program Plan (QAPP). This QAPP currently

follows the format of the basic requirements of NQA-1 and imposes all 18 elements. The

QAPP has been approved by the DOE Project Office and its implementation has been

assessed by the DOE-Chicago field operations office and found to be acceptable.
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QA Program Description: The quality assurance program for the APS Project

is described in the quality assurance plan, ANL/APS Document No. 1111-00001-00,

which is intended to meet the requirements of the ANL-East Quality Assurance Program

Plan and the applicable requirements of DOE Order 5700.6C, "Quality Assurance,"5 and

DOE Standard DOE-ER-STD-6001-92, "Implementation Guide for Quality Assurance

Programs for Basic and Applied Research."6 The quality assurance plan sets forth

methods, controls and procedures, and defines the responsibilities and lines of

communication for activities affecting the quality of the Advanced Photon Source. Quality

Assurance procedures, ANL/APS Document No. 1111-0003-01, have been developed and

implemented for design, procurement, document control, inspection, test, corrective action,

records, and audit activities. Specific quality control procedures and checklists have been

prepared for items or services when appropriate. The quality control procedures and

checklists specify those practices necessary to ensure that an item or service meets the

specified requirements. The intensity of application of quality assurance and quality control

practices is graded according to the intended use, programmatic significance, and safety

considerations of the item or service.

Design Reviews: Independent third-party technical reviews are performed by

persons who possess the requisite expertise to critically evaluate the designs. These

reviews have been held for the Conceptual Design and Preliminary Design (Title I) and for

the Final Design (Title II) of the conventional facilities and accelerator systems.

Experimental facilities are entering the Final Design (Title II) phase. The reviewers are

recognized experts and may include persons from ANL if they have no direct responsibility

for the APS design. The independent review boards are selected and chartered by the APS

Project Director. The independent technical review process is described in two APS

Quality Assurance Procedures that apply respectively to the conventional facilities and the

technical components for the Title I and Title II reviews.
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Testing Procedures: Each division director, or his designee, is responsible for

the inspection and testing of items to ensure compliance with the design requirements and

applicable codes and standards. Inspections and tests are performed by persons with

appropriate training and experience to perform the particular inspection or test as

determined by the division director, or his designee. Inspections and tests of items are

performed according to written procedures, instructions or checklists, and the results

recorded as specified in these documents. The requirements for review, approval, issue,

and revision of documents that specify inspections and tests are included in the APS

Quality Assurance Plan and implementing procedures.

Operations Quality: The Quality Program for the operations phase of APS is

currently being drafted. The plan is to incorporate the operations requirements, identified

in the APS Conduct of Operations (COO) document, into the APS Operations Quality Plan.

The COO has been drafted to reflect the requirements of DOE Order 5480.19 "Conduct of

Operations." 7 With the development of the new DOE Order 5480.25 "Safety of

Accelerator Facilities," 8 the requirements imposed by previous nuclear safety orders have

been made more appropriate to accelerator operations. The APS Safety Assessment

Document (SAD) will also reflect the new DOE Order 5480.25 requirements.

The Operations Quality Program Document will more closely follow the format of

the applicable requirements of DOE Order 5700.6C, "Quality Assurance," and DOE

Standard DOE-ER-STD-6001-92, "Implementation Guide for Quality Assurance Programs

for Basic and Applied Research."

REUABILITY/AVAILABIUTY PLANNING

Reliability, stability, and flexibility are emphasized in the accelerator, storage ring,

and beamline designs. Specifically, the storage ring can accommodate all types of insertion

devices with all tuning conditions desired by the users. Availability and prsdictability of

beam time are a prerequisite to the success of the operation.
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Formal work on the planned reliability studies for selected APS systems began

following a reliability workshop in January 1991. Five working groups assessed the

feasibility of achieving 99% availability and 99% reliability (in a 48-hour period) of

respective subsystems. If all subsystems performed at this level, the facility would have

overall availability and reliability of 95% for the 2-day period. The groups felt this goal

could be met, albeit with some difficulty, A sixth group evaluated the cost of

"unreliability" or the cost of unpredictable downtime to experimental work. Estimates

derived from users indicated that the cost of 75% availability would be twice that of a

100% available facility.9 Efforts began on methods to achieve the goals established.

Initially, work with the Radio Frequency Systems Group developed a reliability

study on the major components of the system. Later studies focused on attributes of spares

and a comparative analysis on the availability of selected operational accelerators.

Estimates of the failure patterns (or Mean Time to Failure) for the various components from

other facilities were sought. The system reliability model and the transition matrix have

been calculated. The model was reworked and visits to other operating facilities for real

time data occurred. Actual failure data for various components from other facilities are

used to analyze responses in the APS system model. An operational data questionnaire

was developed and distributed to various other operating facilities to obtain additional data

for input into the model. A general reliability model for APS and a reliability study on

some major components has also been developed. The overall objective is to roll other

APS systems into the general reliability /availability model.

The other groups similarly pursued efforts to establish the goals identified. The

Magnet Group predicted that cooling water flow and pitting would be the area of

improvement. The Power Supply Group is looking into preemptive maintenance to offset

the large number of power supplies needed. The Diagnostics Group is investigating the

effects redundancy has on interlock false alarms and abort triggers. The Vacuum Group is

considering improving the vacuum bakeout process for the entire storage ring to shorten

recovery time from vacuum loss.
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INTERFACE

The APS is being built as a national user facility. The users will be coming in two

varieties: members of Collaborative Access Teams, or independent investigators. During

the first few years of research, major users of the APS will be CATs. Each CAT will be

responsible for building, operating, and paying for at least one APS sector (one bending

magnet and one insertion-device beamline).

CATs are being selected through a process that begins with the submission of a

Letter of Intent (LOI) that outlines the kind of science to be done and how beamlines would

be funded and constructed. The LOIs are reviewed and evaluated by a Proposal Evaluation

Board (PEB). The PEB is an independent review committee of distinguished scientists

involved in materials research using synchrotron radiation and neutron scattering.

When a prospective CAT receives full scientific approval from the PEB, it becomes

an APS CAT. However, before it gets to the floor of the Experimental Hall to begin

construction, a number of things must take place. Each CAT must prepare a conceptual

design report (CDR), which is reviewed by a CDR review panel. The CAT must also

prepare a detailed management plan, which is also reviewed, and it must obtain a

commitment for funds to build the beamlines. When these actions are completed, a

Memorandum of Understanding is signed with the APS and a beamline location is

assigned.

Before construction of experimental apparatus can begin, preliminary engineering,

final engineering, and preconstruction reviews must occur, and management plans must

expand to include safety planning.

Currently, 15 CATs have received PEB approval and 8 have had their conceptual

designs approved. These CATs represent 72 universities, 18 research laboratories, and 28
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industrial firms. To help the CATs meet the goals established, support for the users

became apparent from the beginning of the APS project.

To more effectively meet the needs of the CATs during beamline design and

construction, an APS User Technical Interface Group and User Administration Office have

been established. These groups provide a technical liaison for issues between CAT

members and APS staff and provide administrative support to coordinate user workshops,

committee meetings, and information exchanges. Recently, the Fifth Users Meeting drew

more than 300 prospective users to Argonne National Laboratory for an exchange of

information and scientific presentation.

To further the response to "the voice of the user," an APS Design Exchange (DX)

was established. The DX will permit the convenient exchange of designs and concepts and

permit the APS to follow the entire development of all beamline designs. It will also

accumulate as-built drawings of the beamlines and permit the transfer of requested design

information both on paper and electronically. The DX was designed with sensitivity for the

proprietary nature of some CAT designs. Additionally, the use of computer networks to

transfer CAD files does not expose them to risk. Another goal was to allow CATs to have

easy access to the DX, while making the DX easy and "friendly" to use.

The APS DX has attracted the global attention of the synchrotron community and

efforts are under way to link it to international facilities.

TOTAL QUALITY MANAGEMENT INITIATIVE

"With regard to quality at APS, we've sought to build a quality project from the

beginning. There are many aspects to quality, the first being the collecting together of a

quality staff, which develops and implements a quality design. Some of the formal aspects

of quality include reliability considerations, Quality Assurance, and Total Quality
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Management. Thus, the APS quality program is a far ranging concept that permeates all

aspects of the project and is not limited to any single formalism such as TQM. However,

we seek, to learn and implement as many useful techniques as we judge can effectively

contribute to our overall quality goals. An APS Quality Council will be appointed to

continuously champion, examine, and monitor our efforts in this regard."

From a talk given by Dr. David Moncton, APS Associate

Laboratory Director to APS Group Leaders, June 1992.

The APS Quality Council (QC) establishes policy, provides leadership, and

performs oversight for the Total Quality Management (TQM) activities of the APS. The

purpose of these activities is to continuously improve the effectiveness of the APS in

meeting organizational goals.

The charter for the APS Quality Council is to establish the APS Quality Policy,

Quality Goals, and to provide direction for the resolution of identified quality concerns.

The QC shall allocate the resources and empowerment necessary to promote and facilitate

the implementation of the QC initiatives and programs that are intended to provide

continuous improvements within the APS. In carrying out its mission, the QC will

perform the following functions:

• Provide a forum for identifying needs and opportunities for quality improvements
within the organization;

• Serve as a catalyst and advocate for the formulation and development of quality
improvement initiatives;

• Concur on the scope and content of recommendations for quality improvement;
• Empower Quality Action Teams (QATs) to analyze, develop and execute quality

improvement actions;
• Monitor and evaluate the results of the QAT efforts and quality improvement

initiatives.

APS Quality Council Structure: The Associate Laboratory Director for

The APS serves as Chair of the QC. The Chair appoints additional members as needed.

Initially, the QC's collective expertise should encompass the following key functional

areas:
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• Management
• Science and engineering
• Operations
• Administration
• Employee relations
• External relations
• Environment, safety and health
• Quality assurance

The QC evaluates and prioritizes quality issues that are brought to its attention by

the Chair, QC members, or other APS personnel. It may refer problems to existing APS

organizational groups for solution; it may appoint team sponsors who will be empowered

to assemble Quality Action Teams (QATs) to address issues that cross group boundaries; or

it may self ct other approaches as it sees fit

A QAT is a group of people brought together to resolve a difficult and important

issue. The teams are empowered by the Quality Council, Council member or delegated

authority, through approval of a charter. Formation of a QAT requires an approved charter

that empowers a team to study or solve a designated process or problem. The charter

establishes responsibilities, authority limits, reporting structures, resource commitments

and sponsorship. A QAT effort may be proposed by any employee, but requires QC

approval for initiation. A QAT operates within specific requirements set forth in QAT

policies and guidelines.

This TQM methodology will continue through startup, commissioning and

operation. It is anticipated and desirable to integrate the user groups more into the QAT

process as the APS approaches operations.

SUMMARY

This paper has described the pertinent features of the design, construction and

planned operation of the Advanced Photon Source facility and the impact quality has had in

these areas. In addition, the introduction of several quality management techniques, such

as total quality management, reliability/availability planning, and user interface, were



TWENTIETH ANNUAL NATIONAL ENKIMY
AND ENVIRONMENTAL QUALITY

DIVISION CONFERENCE

discussed in terms of their status and success. When operational in 1997, the APS facility

will provide super intense x-ray beams for many areas of basic research. It will serve the

entire U.S. x-ray research community of several thousand users for the future of basic

research with the highest brilliance x-ray source over any in existence. And the APS

quality management techniques used will continue to support this research — truly lighting

up the future in research and development.
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