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Preface

On June 27, 1989, Secretary of Energy James D. Watkins announced a 10-point initiative to strengthen
safety, environmental protection, and waste management at Department of Energy (DOE) facilities. To
support this initiative, the Secretary established independent “Tiger Teams” to assess environmental,
safety, and health (ES&H) programs. This Corrective Action Plan presents a formal response to the
Tiger Team assessment of the Stanford Linear Accelerator Center (SLAC) and the Stanford Synchrotron
Radiation Laboratory (SSRL) conducted from October 7, 1991 through November 5, 1991. This Corrective
Action Plan has been prepared by the staff of SLAC/SSRL and the DOE Field Office, San Francisco
(DOE-SF) in preliminary consultation with the staff of DOE Office of Energy Research (DOE-ER).

The purpose of this plan is to set forth the strategies and specific actions that have been or will be
taken by SLAC /SSRL, DOE-SF, and DOE-ER in response to the Tiger Team findings and concerns. While
the individual Tiger Team findings and concerns have been specifically addressed, the overall
corrective action response strategy has been focused on understanding and correcting the underlying root
causes which led to the conditions identified by the Tiger Team and the SLAC self-assessment. By
addressing these underlying causes, improvements in ES&H activities, operations, and management
leadership can and will be achieved.

In this Corrective Action Plan, the actions proposed to correct the Tiger Team findings and concerns are
addressed in the form of tasks with associated milestones and budgets. Earlier drafts of the plan were
submitted in January and July, 1992. Comments on those drafts were received from the DOE Offices of
Environment, Safety, and Health and Environmental Restoration and Waste Management. The present
revision of the plan reflects modifications made in response to those comments and reflects progress on
completed actions.
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Executive Summary

This report is the Stanford Linear Accelerator Center’s (SLAC) response to the DOE Tiger Team
assessment. That assessment was conducted at SLAC, at the Stanford Synchrotron Radiation Laboratory
(SSRL), at the DOE Field Office, San Francisco (DOE-SF), and at the DOE Office of Energy Research
(DOE-ER) from October 7, 1991 to November 5, 1991. (Note that for the purposes of ES&H activities,
SSRL is considered a division of SLAC. Therefore, the term SLAC will be used throughout this report to
signify both SLAC and SSRL organizations.) The Tiger Team was composed of approximately 50
specialists from various DOE offices, contractors, and consultants organized into three subteams:
environmental, safety and health, and management. The findings and concerns of the Tiger Team are
documented in a report, U.S. Department of Energy Office of Environment, Safety and Health, Tiger .
Team Assessment, Stanford Linear Accelerator Center, October-November 1991 (Draft [DOE EH-0214)).

The Tiger Team identified a number of deficiencies in SLAC's ES&H program, and in the oversight of .
SLAC by DOE-SF and DOE -ER. The environmental subteam identified a total of 52 findings. The safety
and health subteam originally identified 131 concerns. There were no Category I concerns and ten
Category II concerns of which one was subsequently dropped; the balance were Category III. The
remaining nine Category II concerns were addressed as soon as they were identified by the Tiger Team.
The management subteam identified 17 findings. Additionally, there were five findings related to the
SLAC and DOE-SF self-assessments. One noteworthy practice was highlighted by the Tiger Team.
These findings and concerns were distilled into 15 key findings and the following two root causes:

1. To alarge extent, the present condition of ES&H activities at SLAC is the carryover from a
past era, a period when many of the ES&H requirements did not exist or were not deemed
applicable, and any SLAC priorities for ES&H compliance were dwarfed by the
programmatic activities.

2. DOE-ER has not held its program line managers fully accountable for their direct line
responsibility for implementation of the Secretary’s initiatives, and these line managers
have not, in turn, held their respective subordinates fully accountable.

While faulting the laboratory for its deficiencies and weaknesses which were related largely to
management systems and lack of adequate performance assessment and monitoring mechanisms, the
Tiger Team noted that none of the deficiencies warranted cessation of operations nor was there any
imminent danger to SLAC personnel, the general public, or the environment. They noted the commitment
of SLAC management to implementing and upgrading its ES&H program activities and the motivation of

the staff. They also noted the quality and comprehensiveness of the self-assessment performed by
SLAC.

In this Corrective Action Plan, SLAC and DOE-SF addresses the findings and concerns of the Tiger Team
by developing tasks with associated milestones to correct these findings and concerns and to eliminate
the underlying root causes. This Corrective Action Plan has been developed around a response strategy
designed to address and correct the root causes underlying the deficiencies identified by the Tiger Team.
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Executive Summary

Corrective Action Plan Process.

DOE-SF and both SLAC and SSRL management have taken a leadership role in developing this Plan.
Overall coordination of action plan responses has been assigned to and performed by a team of line
managers with the support of SLAC’s ES&H Coordinating Council to ensure overall integration of
responses and continued high-level attention to implementing actions described in the Corrective
Action Plan. '

As stated in the Tiger Team report and confirmed by the SLAC self-assessment, the present condition of
ES&H activities at SLAC is due, in part, to the strong emphasis management placed on programmatic
achievement. Programmatic and operating interests were fully represented at the highest levels of the
organization, but ES&H was not. (While SLAC took steps to address this issue by strengthening the ES&H
organization and establishing a management council, these efforts have not had sufficient time to
produce the desired results.) In addition, line managers have not been sufficiently trained regarding
their responsibility for implementing the Secretary’s 10-point initiative.

The overall response strategy consists of the following seven strategic elements, each of which
addresses one or both of the underlying root causes (see Figure 2-8):

Management Direction, Oversight, and Planning

Hazards Assessment

Roles, Responsibilities, and Authorities

Formality of Operations (Procedures, Training, Document Control)
Management Systems

Human Resources Planning

Self-Assessment (Management Oversight, Line Organization, and Independent
Appraisals)

In developing these strategies for the Corrective Action Plan, SLAC management has focused on the key
findings and root causes identified by the Tiger Team. The resultant strategies address and correct the
underlying root causes, and permit an integrated response to the specific individual findings and
concerns. ‘ :

The individual tasks, which vary in scope, complexity, direction, and cost, have been developed to
implement these strategic elements. These tasks address all of the findings and concerns of the Tiger
Team and “roll-up” to the key findings and root causes. Priorities and milestones have been established
for each task to allow for orderly scheduling and tracking.

Schedules for implementing corrective actions have been developed to achieve early and substantive
correction of the highest priority deficiencies. This was accomplished by performing a risk-based
assessment of the Tiger Team findings and concerns, and ranking them according to their safety and
environmental significance. Corrective actions were then developed to address the fundamental
concerns. In this way , SLAC is able to focus resources on the more significant items.
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Executive Summary

Sensitivity to costs and programmatic impacts have resulted in an emphasis on cost-effective

strategies. The anticipated cost of completion and closure of implementing the Corrective Action Plan
over the FY92-FY96 period is $18.7 million in FY92 dollars. A well-managed structure and project-
planning effort has optimized development of an integrated, coordinated plan involving all elements of
SLAC’s operations. Overall costs and funding requirements are given in section 2.3.3.

If there are discrepancies between the resource estimates for EM activities identified in this Corrective
Action Plan and the validated cost estimates identified in the Department’s current EM Five-Year
Plan, the cost estimates in the validated Five-Year Plan shall supersede the resource estimates in the
Corrective Action Plan. The planning for the Tiger Team corrective actions is an ongoing exercise, and
the cutoff time for planning for corrective actions is different than that for the Five-Year Plan. Beyond
fiscal year 1992, budget requests will be based on validated costs identified in the updated Five-Year
Plan, or new or revised agreements with the regulatory bodies.

SLAC has a history of scientific excellence and outstanding contributions to the U.S. and international
scientific communities. The Tiger Team assessment and the laboratory’s preparation for it brought a
new awareness of the current ES&H requirements and expectations to the whole laboratory. Responding
to the Tiger Team assessment offers opportunities for improving laboratory operations. SLAC
management is committed and the staff is prepared to carry out the tasks presented in this Plan. SLAC
recognizes that both programmatic and ES&H objectives must be accomplished with limited resources.
As a result, the strategies developed include awareness that resource allocation should be based on a
consideration of risks and mission objectives, and that effective ES&H performance will be achieved
through strengthened management leadership and line management accountability. Development of
the Corrective Action Plan was also pursued from the perspective of achieving significant overall
improvement to SLAC operations and management, rather than from a narrow attention to the
individual findings and concerns.
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1
Introduction

1.1 Background

On June 27, 1989, Secretary of Energy James D. Watkins announced a 10-point initiative to strengthen
safety, environmental protection, and waste management activities at DOE’s production, research, and
testing facilities. In support of the 10-point initiative, the Secretary established independent “Tiger
Teams” to conduct environmental compliance assessments at DOE facilities. The assessments are on-site,
independent reviews of DOE environment, safety, and health programs to ensure compliance with
applicable federal, state, and local regulations; permit requirements; agreements, orders, and consent
decrees; and DOE Orders. In addition, the Tiger Teams assess DOE operations for conformance with
applicable “best” and “accepted” industry practices and the adequacy of DOE and site contractor
management programs.

The Tiger Team Assessment was conducted at the Stanford Linear Accelerator Center (SLAC) and the
Stanford Synchrotron Radiation Laboratory (SSRL) between October 7, 1991 and November 5, 1991. A
report, U.S. Department of Energy Office of Environment, Safety and Health, Tiger Team Assessment,
of the Stanford Linear Accelerator Center, November 1991 (Draft [DOE EH-0214]), documenting the
findings made by the Tiger Team, was provided at the end of the assessment. The final Assessment
Report (DOE/EH-0243) was provided in June, 1992

1.2  Purpose and Scope of the Corrective Action Plan

The purpose of this Corrective Action Plan is to provide a formal response, consisting of strategies and
specific actions, to each of the findings and concerns cited in the Tiger Team assessment report. The Plan
includes descriptions of the tasks to be implemented by the site to satisfy the findings and concerns,
with associated milestones and costs. The Corrective Action Plan also identifies tasks that are
included (or planned for inclusion) in DOE’s Environmental Restoration and Waste Management Five-
Year Plan.

SLAC Corrective Action Plan October 1992 11



Introduction

1.3  Organization and Content of the Corrective Action Plan

The Corrective Action Plan consists of four sections. This section, the Introduction, provides background
information on the Tiger Team assessment process, the purpose and scope of the Corrective Action Plan
prepared in response to the Tiger Team assessment, and descriptive information on SLAC programs and
facilities.

Section 2, Organization and Management Structure to Implement the Corrective Action Plan, identifies
the principal personnel and their responsibilities in implementing the Corrective Action Plan.

Section 3, Findings, Concerns, and Planned Actions, is divided into five subsections: Root Causes,
Environment, Safety and Health, Management, and Self Assessment. Each of these subsections includes
planned actions, a schedule for implementing the actions, and associated costs.

Section 4 includes tables summarizing the site’s planned actions, schedules,, and projected costs for the
planned actions. . :

Section 5 consists of appendices.

1.4 Facility and Research Program Description

The Stanford Linear Accelerator Center (SLAC) is a national facility operated by Stanford University
for the U.S. Department of Energy. SLAC is a single-purpose laboratory, devoted to experimental and
theoretical research in elementary particle physics, and to the development of new techniques in high-
energy accelerators and elementary particle detectors. SLAC is located on 426 acres of Stanford
University land which is leased to the government. For over 25 years, SLAC has been in continuous use in
a national research program that has made major contributions to the understanding of nature. SLAC is
one of a handful of laboratories worldwide that stands at the forefront of research in the study of the
basic constituents of matter and of the forces that act between them.

Scientists from all parts of the United States and throughout the world participate in the
experimental program. Since its inception in 1962, SLAC has supported the research activities of
scientists from more than 100 different institutions. SLAC presently has a staff of about 1300, 150 of
whom are Ph.D. physicists engaged in particle physics research. In addition, there are typically
300400 physicists from other institutions who are involved in carrying out experiments at SLAC at any
given time. ~ :

Experimental research began at SLAC in 1966 with the completion of the two-mile-long linear electron
accelerator, a machine capable of producing an electron beam with energy up to 20 GeV. Initial
experiments directed these electrons onto stationary targets to study the structure of matter. Since that
time, three other major research facilities have been built at SLAC, each based on the use of electron-
positron collisions rather than fixed-target electron beam experiments: the 8 GeV center-of-mass SPEAR
storage ring (1972), the 30 GeV center-of-mass PEP storage ring (1980), and the 100 GeV center-of-mass
Stanford Linear Collider or SLC (1989).

1-2 October1992 SLAC Corrective Action Plan



Introduction

Another research facility, the Stanford Synchrotron Radiation Laboratory (SSRL), is also located on
the SLAC site. SSRL is a National Synchrotron Radiation Users’ Facility funded by the

US. Department of Energy and operated by Stanford University. It utilizes the SPEAR and PEP storage
rings as sources of extremely intense electromagnetic radiation over a large spectral range in a broad
ranging program of basic and applied research in such fields as materials science, protein
crystallography, catalytic chemistry, surface science, and diagnostic radiology. The SSRL staff numbers
about 120, including 19 Ph.D. scientists. There are 50-100 visiting scientists at SSRL at any given time,
and as many as 600 scientists from more than 100 institutions who use SSRL in a given year.

The Two-Mile Linac

During the period from 1966 to 1972 the physics research program at SLAC was based solely on fixed-
target experiments carried out with the two-mile linear electron accelerator, or linac. Early
experiments with this machine were the first to show that the constituents of the atomic nucleus, the
proton and neutron, are themselves composed of smaller, more fundamental objects called quarks. This
work was recognized in 1990 with the award of the Nobel Prize in Physics to Jerome Friedman and
Henry Kendall of MIT, and Richard Taylor of SLAC.

Later, in 1978, the SLAC linac was used in an experiment of exceptionally high precision that
established a clear relationship between the weak and electromagnetic forces. This work was a critical
verification of the theoretical prediction that the weak and electromagnetic forces were in fact
different manifestations of a single, more basic force now known as the electroweak force.

The linac continues to be used for fixed-target experiments in particle and nuclear physics using the
spectrometers in End Station A and as the key element for producing electron-positron collisions in the
SLC. The maximum energy of the linac has been gradually increased over the years to 50 GeV as a part
of the extensive remodeling that was required for its use in the SLC. This combination of a high-energy
and high-intensity electron beam cannot be found anywhere else in the world.

The SPEAR Storage Ring

Stanford University has a long history of involvement in the development and use of colliding-beam
storage rings for particle physics research. The first such machine at Stanford was a 500 MeV electron-
electron machine located on the main campus. This project was a collaborative effort between

physicists from Princeton and Stanford Universities, and it produced the first physics results ever
obtained with the colliding-beam technique. The next in the succession of Stanford colliders was the
SPEAR machine at SLAC, completed in 1972. SPEAR consists of a single ring some 80 meters in diameter, in
which counter-rotating beams of electrons and positrons circulate at energies up to about 4 GeV each. In
terms of the rich harvest of discoveries it has yielded, SPEAR is generally believed to be one of the most
cost-effective machines ever built in the field of high-energy physics.

SLAC Corrective Action Plan October 1992 1-3



Introduction

Two of these schievements stand out in particular. The first was the 1974 discovery of a particle called
the psi that was a made up-of a combination of a quark and an antiquark of an entirely new kind. Before
that time, only three types of quarks were known, but the discovery of this new, fourth type of quark
(called charm) served as convincing evidence that the basic idea of the quark substructure of matter was
in fact valid. This work was recognized with the award of the 1976 Nobel Prize in Physics to Burton
Richter of SLAC, an award he shared with Samuel C.C. Ting of MIT for a similar discovery of this new
particle at the Brookhaven National Laboratory. ‘

The second revolutionary discovery made at SPEAR was that of a new particle called the tau, which

turned out to be the third in the sequence of electrically charged elementary particles called leptons.
The first of these was the electron, discovered in 1897; the second was the muon (1937); and the third

was the tau (1975). Martin Perl of SLAC was awarded the Wolfe Prize in 1983 for his discovery of the
tau lepton.

In 1990, the SPEAR facility became fully dedicated to synchrotron radiation research.

The PEP Storage Ring

After SPEAR and several other machines around the world had demonstrated the great power of
electron-positron colliding beams to produce important new physics results, the next logical step was to
increase the energy of such colliders by a factor of three or more. Both the American and European
particle physics communities undertook such a step with the construction of the PETRA storage ring at
the DESY Laboratory in Hamburg, Germany and the PEP storage ring at SLAC. The Positron-Electron
Project (PEP) was a collaborative effort of SLAC and the Lawrence Berkeley Laboratory (LBL). PEP was
completed in 1980 and has been used since that time to support the research activities of several
hundred physicists and graduate students.

PEP is about 800 meters in diameter and can produce electron-positron collisions up to center-of-mass
energies of about 30 GeV in six Interaction Regions (IR). The PEP physics program has done important
work in measuring the lifetimes of certain elementary particles, in studying how the quarks that are
initially produced in the collision then fragment or evolve into the various kinds of particles that are
actually observed in the detection apparatus, and in tests of the theory (called Quantum
Chromodynamics or QCD) that is presently believed to describe the strong force that binds quarks
together.

Two undulator beam lines on PEP have been used for pioneering work in synchrotron radiation research.
Experiments carried out in parasitic mode during colliding beam experiments have demonstrated the
extreme capability of PEP as a high brightness X-ray source. Measurements made with PEP operated in
a low emittance optics show that PEP can exceed the brightness of third generation sources now in
construction around the world. :

1:4 October1992 SLAC Corrective Action Plan



Introduction

A group of scientists from SLAC, LBL, and the Lawrence Livermore National Laboratory (LLNL) has
proposed the construction of a new facility at SLAC called an Asymmetric B Factory. This project, which
has not yet been approved and funded by the government, would require an extensive modification and
upgrade of the present PEP machine, making use of much of the existing equipment and infrastructure.
The prospective research program for such a facility is very rich; a central theme of this program will
be the detailed study of one of the most puzzling phenomena (called CP violation) ever observed in the
behavior of matter. This program requires the copious production of the particles known as B mesons,
and this in turn means that the B Factory must operate at very high luminosity (production rate). In the
meantime, the PEP ring and four large existing detectors are shut down.

The Stanford Linear Collider

Construction of the SLC began in 1983 and was completed in 1989. This frontier device is a novel kind of
machine that serves both as a test bed for a new accelerator technique and as a facility to reach the
energy region where the recently discovered Z0 particle can be produced in quantity and in a simple
environment. The key elements of the SLC are an extensive upgrade to the existing two-mile linear
accelerator to produce 50 GeV beams of both electrons and positrons, a new system for creating the
positrons and transporting them back for injection into the linac, two small storage rings that are used to
damp the beams down to suitable dimensions, two long curving arcs of magnets that are used to transport
the separate electron and positron beams around to a single collision point, and an elaborate final
focusing system that reduces the sizes of the colliding beams down to dimensions that are smaller than
a human hair when they reach the interaction point in the detector.

The European community has chosen to achieve 100 GeV electron-positron collisions through the use of
the more conventional storage-ring technique at the CERN Laboratory near Geneva, Switzerland. Their
LEP machine is a large storage ring, some 16 miles in circumference; it has the advantage of four
interaction regions (rather than one at the SLC) and the possibility of a higher ultimate energy, but the
SLC also has several advantages over LEP that can be exploited in future years. Thus SLC and LEP are, in
a sense, complementary facilities.

The first detector system used with the SLC was the Mark II, which was upgraded after earlier use at
both SPEAR and PEP. For the longer term, a more elaborate and complete detector system was needed at
the SLC, so a new detector system called the Stanford Large Detector (SLD), was installed at the SLC in
1991. '

Early research results from the SLC at SLAC and from the LEP storage ring at CERN have already begun
to prove the value of these machines. The mass and other properties of the vital Z0 particle have been
determined to unprecedented precision. Even more importantly, this early work has determined with
high probability that the universe is in fact made up of not more than the three generations of
elementary particles of the type already discovered, each with two kinds of quarks and leptons, of
which one is a very light neutral lepton or neutrino.
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Advanced Accelerator Development

As noted earlier, electron-positron colliding beams have proved to be an exceptionally fruitful method
for studying the elementary particles and the forces that act between them. The very large LEP
machine is almost certainly the largest conventional storage ring for electrons and positrons that will
ever be built, because electrons and positrons emit synchrotron radiation when they are accelerated
around a curved path, and the rate of such energy losses increases very rapidly as the beam energies go
up. Eventually there must come a point at which it is more economical to accelerate the electrons and
positrons in a straight line (a linear collider) than in a circular path. A major reason for building the
SLC was to test the concept of a linear collider, and the successful production of competitive physics
results has shown it to be a viable idea.

It is of great interest to SLAC to continue with this exploration of the potential of the linear collider,
and much of the activity in advanced accelerator R&D at SLAC is devoted to this end. The next logical
step would be to build a full-fledged linear collider that can collide electrons and positrons at a
combined energy of about 500 GeV, perhaps later expandable to 1 TeV or more. Advanced R&D in
accelerator physics now taking place at SLAC is aimed at just such a project. New power sources,
accelerator structures, and beam-focusing systems must be developed to make this dream a reality.

The Stanford Synchrotron Radiation Laboratory

SPEAR produces intense beams of synchrotron radiation— X-ray photons emitted by the circulating
electron beams. Beginning in 1973 a group from Stanford began using this synchrotron radiation for
research. Over the years the program grew to the point where the SPEAR ring is dedicated to full-time
synchrotron radiation research in atomic and solid state physics, chemistry, biology, and medicine.
More than 100 Ph.D. theses have been completed based on research carried out at SSRL. Until recently,
the two-mile linear accelerator was used to fill SPEAR with electrons. A new 3 GeV electron synchrotron
has been constructed and is now replacing the linac as a source of electrons for SPEAR.

Specific research performed at SSRL is extremely varied and is performed using vacuum ultraviolet and
hard X-rays. Work utilizing the vacuum ultraviolet portion of the spectrum includes: ionization
properties of small molecules, structural and electronic properties of microstructures, properties of ultra-
thin layers and small clusters, kinetic processes in laser materials, lithography and microscopy, and
static properties and dynamic processes of chemisorbed gases.

Research in the chemical and biological sciences, utilizing hard X-rays, includes: the structure and
function of homogeneous and heterogeneous catalysts, the structure of metal, metal oxide and
semiconductor surfaces and their interactions with small molecules, chemical reactivities in the gas
phase, the structure of general chemical compounds through Extended X-ray Absorption-edge Fine
Structure (EXAFS), multiple wavelength imaging, protein structures and functions through diffraction
studies in the crystalline state, protein structures through EXAFS studies, dynamics and fluctuations in
biological systems, the nature of membrane structures and membrane protein interactions, the structure
and function of metal sites in metalloproteins and metalloenzymes.
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Physics and materials sciences, also utilizing hard X-rays, are represented by research in the following
areas: structure of amorphous materials, coordination of impurities and alloying species, structures of
and phase transitions in surfaces and thin surface layers, kinetics of structural changes in materials,
phase transitions at high pressure, structure of crystalline materials, electronic structure of materials
through edge absorption studies, fundamental X-ray scattering and absorption physics, and atomic
physics.

In addition to scientific research, SSRL has a commitment to the development of advanced insertion
devices for the enhancement of synchrotron radiation and the development of state-of-the-art
instrumentation for the utilization of synchrotron radiation. A program in accelerator physics
c