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Abstract

The Advanced Test Accelerator (ATA) is a recent development in the field
of charged-particle beam research at {awrence Livermore National Laboratory.
With this experimental apparatus, researchers will characterize intense pulses
of electron beams propagated through air.

Inherent with the ATA concept was the potential for exposure  hazards,
such as high radiation levels and hostile breathing atmospheres. ae need for
a comprehensive safety program was mandated; a formal-system safety program
was implemented during the project's conceptual phase.

A project staff position was created for a safety analyst who would act as
a liaison betwe2n the project staff and the safety department. Addition-
ally, the safety analyst would be responsible for compiling various hazards
analyses reports, which formed the basis of the project's Safety Analysis
Report. Recommendations for safety features from the hazards analysis -eports
were incorporated as necessary at appropriate phases in project develop -ent
rather than adding features afterwards.

The safety program established for the ATA project facilitated in
controlling losses and in achieving a low-level of acceptable risk.

*This work is performed by LLNL for the Department of Defense under DARPA
(DOD) ARPA Order No. 3717, Amendment 4, monitored by NSWC under contract No.
N60921-81-LT-W0043, and DARPA (DOD) ARPA Order No. 4395, Amendment 1, and
under the auspices of the U.S. Department of Energy under contract No.
W~7405-ENG-48.
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High-technoloay intlustries in the private sector, in addition to other
arverrment-funded research proiects, are finding that an increasing public
concern for safety of people and the environment is mandating safety programs
to reduce risks to the lowest level practicable. The uncontrolled release of
1arce emounts of energy could seriouslv restrict development of whole
industries on a nationwide scale. We can no longer resolve safety problems
with “band-aid" controls; a systematic approach of identification ano
mitigation of hazard potentials is prescribed.

1 will capsulize the efforts of many people working with high enerqy
svstems having many interfaces transcending many disciplines. The first
section of this paper will brief the reader on the machinery involved with the
ATA. The second section will chronologically cover the specific system safety
efforts and documentation that have contributed to the overall success of the

ATA project.

Project

Lawrence Livermore National Laboratory (LLNL) has a historical involvement
with induction linear accelerators dating back to 1963, when the Astron [
accelerator was built to provide high electrun-beam currents for fusion plasma
studies using magnetic confinement. The majority of linear accelerators in
operation today use a radio-frequency, traveling wave technology for
accelerating the electrons. Radio-frequency accelerators, such as the
Stanford Linear Accelerator (Palo Alte, Californiaj, are capable of
accelerating electrons to billions of electron volts, but beam instabilities
1imit the electron currents to less than one hundred milliamps. As a
comparison, the ATA is capable of accelerating electrons to fifty million
electron volts, but at an electron current of ten thousang amps. The ATA beam
is pulsed for a duration of seven*ty nanoseconds sec) and is
capable of a repetition rate (in burst mode of ten pulses) of 1000 Hz.

The ATA consists of essentially four maior sections:

° The Injector. The injector consists of a cathode, an anode, and a

focusing coil network. The electrons are emitted from the cathode
and accelerated toward the anode to an intial energy level of 2.5
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Trecanpde, Foinn opon at the ¢ontor, a1lows the Beem of

TPONG D PAsS tnroudh into an evatudted Heon tube surrouncod Dy
feeusing enils,  The beam dizmoter is reduced for entry into the
agcelerator secticn - at a velgeity of 0,985 times the speed of light,

< e Accelerater, The electron heam passes ngw sequentially through
TEY 3ccelerater cells - each cell incrementally adding 0.25 MeV of
enorgy to the electrons. The cembined effect of the 190 cells is to
increase the electron beam's energy to the desired 50 MeV. The beam
velecity has
increased to about 0.999 times the speed of light, ana the effects of
relativity have caused an increase in rest mass of the electrons -
from six times rest mass at 2.5 MeV to about 100 times rest mass at |

50 MeV.

° Beam Transport Section. Upon exiting the accelerator section, the
electron beam enters the beam transport section. This section
isolates the accelerator from the experimental area, permits space
for diagnostic instruments to evaluate the beam's characteristics,
and may in the future house a differential pumping unit for
maintaining a pressure differential of up to one atmosphere between
the accelerator and the experimental tank. At present, a thin foil
separates vacuum from atmosphere.

° Experimental Tank. Ultimately, the beam may be directed either into
an experimental tank or out into the open atmosphere for testing.

The attached cut-away drawing shows these major sections in perspective.
Considering the potential hazards inherent in this facility's operation,
siting was chosen at the Laboratory's Site 300 test area -- a remote location
some fifteen miles from Livermore, California. The beam is propagated in a
southerly direction, away from occupied spaces. The control room for
accelerator operations is located in the northern section {upper part of
drawing) of the facility main structure. Support equipment, such as fluid
systems and electrical switch gear, is located peripherally around the outside
of the main structure. Offices, work spaces, and storage spaces are located
north of the main facility.

Safety

The ATA is a composite of many advanced-technology components and requires
specialized training to understand and operate the systems. In recognizing
the many interfaces of the operating and control systems, the project team was
formed in a matrixed manner. Thus, engineers, scientists, draftsmen, and
technicians could contribute their specialized skills at the times when needed
as the project progressed. Early in the conceptual phase of the project, a
project staff position was created for a safety anmalyst. The analyst's
function was to provide the focal point for line management to resolve any
safety-related problems. Many of the potential problems associated with
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arZoloraler CPeralicng rejuire safely discipline specialists {such as health
LRySICTISs or incustrial hygicnists). The Hazards Control department at LLAL
35 crganized with such safety discipling groups; thus, the safety analyst was
also to te the foral point for enabling the safety disciplires to deal with
sroject scientists and engincers.

Interface Control Bocuments ([CDs) were generated to assure that
infermation effecting more than one specific work group was promulgated. Ffor
exampie, maxirum accelerator output would determine the location of occupied
spaces and the amount of shielding material t. be used to essure personnel
safety. This kind of information would be written on an 1CD form which would
be routed through the different groups for concurrence or changes. The groups
needing to approve the 1CD before action would be taken are Controls,
Software, Electrical, Mechanical, Physics, Diagnostics, Project, and Safety.

The safety efforts of the ATA project paralleled the distinct {but
overlapping) phases of development. The following discussion relates the
involvement of the safety analyst and discipline specialists during each phase.

Conceptual. This is the stage of the project during which the physicists
confer with the engineers and safety specialists and agree on exactly what can
realistically be built. As a result of this process, System Requirements
{SRs) are established which define the parameters required of the system - be
it the accelerator in general, or an issue as specific as cooling water flow
rates through a heat exchanger. The outcome of many of these SR's provides
enough information so that the safety analyst, along with the safety
discipline specialists, can perform a Preliminary Hazards Analysis (PHA). It
is the PHA that initially addresses the potential hazards - providing input to
the engineers and designers on the need for safety-specific structures such as
radiation shielding or ventilation systems. The PHA is used to determine the
initial risk assessment, establish the relative hazard level of the ATA, and
provide the framework for all subsequent hazards analyses.

The PHA was performed by examining the systems contained in the work-
breakdown-structure of the ATA Project Management Plan. Specific hazard
potentials were evaluated for pertinent systems, such as the potential for a
radiation exposure problem with the Accelerator Focusing and Steering system.
A qualitative determination of the severity and probability of the occurrence
of an accident was evaluated if no corrective actions were taken. From this
information, control requirements were developed which would reduce the risk
of each particular accident to an acceptable level. This information was kept
in a "Hazard Catalog" under the cognizance of the project safety analyst. The
published PHA report condensed this information into a matrix for ease of
review and interpretation.

The ATA as evaluated by the PHA was determined to be a moderate hazard
facility - meaning that there is a potential for on-site safety impacts, but
negligible off-site effects. The choosing of the site location at the
Laboratory's remote experimental facility near Tracy, California, allows for
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Satei 1ot Tuethioe analyses worp to be perfarced on the ATA.

T NMaster Safety Plan {MSP?) was the rext cocument frem the safety
analyst.” 00 MSP definen the Safety Policy {corsistent with the Laboratory's
Savety Policy): delineated responsibilities of engineers, managers, and staff;
amd spegcified svstem safety criteria - what would be acceptable as well as
spnacceptabie conditions (such as design limitations or single-point failure).
The stage was also set for future analyses.

Design. The Integrated Hazards Analysis (IHA) expanded upon the centrols
of the hazards associated with specific systems examined in the PHA. As a
refinement, the specific controls were evaluated for each of the systems and
assogciated hazards. The residual ris' was qualitatively determined, and
mitigating features thought to be necessery were recommended and incorporated
t0 reduce the level of acrepted risk.

Due to compressed, overlapping phases in the project schedule, the IHA was
still in the compilation stage when project construction was underway This
practice of overlapping can be advantageous for evaluating the adequacy of
specific safety features. I[If a new situation arises that needs to be
addressed, or maore advanced technolegy allows faor incorporation of better
control features, changes may be designed and implemented with a minimum of
disruption to the schedule. The need to build a project within budget all but
prohibits the expense of retrofit.

Construction. There is no specific analysis effort associated with the
construction phase, Safety problems of the construction phase are generally
thuse encountered for all projects and were therefore handled by already
existing procedures and management systems. But due to schedule compression
as mentioned earlier, the IHA report was completed during this phase, and the
next analysis effort was commenced. The Operational Hazards Analysis (QHA)
was the final analysis in the sequence. Previous analyses were concerned with
design features and equipment installation; the OHA, however, considered the
interaction of procedures, equipment, and personnel. The OHA examined
operations and modes of the ATA; considered residual hazards to determine the
need for further control, and examined management policies, procedures, and
programs with respect to safe operations. The OHA was to form a basis for the
Operational Safety Procedure by which the ATA would be operated. Included in
the Operational Safety Procedure are the schedules for performance of safety
systems checks to assure prcper operation of these systems. This analysis
would also be the last evaluation performed on safety-related items - a final
check to appraise management of their assumed risk. During the end of the
construction phase, acceptance testing and limited operations began.

Operation. The hazards analyses celineated in the MSP as needing to be
completed prior to operation have been performed. Residual risks have been
determined by management to be acceptable - as long as the facility is
operated within the scope of its present design limitations. In the event



1hat epozific eperaticnal poromoters ace chonged, added, or deleted, a fermal
{henge Analysis 1s recommended to determine the need to alter any safety
voatures tor tontinuing safety of operations. Because the ATA is intended for
experimental operaticns, changes in scope of operation are anticipated, and
will be preceded by a forma) change analysis.

Zonclusions

The individual hazards analyses are being collectively termed the Safety
Analysis Report (SAR). In summary, the SAR is composed aof the Preliminary
Hazards finalysis (PHA), the Master Safety Plan (MSP), the Integrated Hazards
Analysis (IHA), and tie Operational Hazards Analysic (OFA). Project manage-
ment has supported these safety efforts and incorporated the recommendations
from each hazard analysis needed for continued safe operations. As one of the
first major prnjects at LLNL to apply this formal system safety program and to
integrate safety into appropriate phases of the project, this effort will be
reflected in projects yet to came.

In these days of tightly-controlled budgets and multi-million dollar
costs, the loss figures for a project or industry with inadequate safety
considerations could be staggering. Accounting for money saved directly due
to the safety program is not possible; however, a safety program such as the
ATA Project developed is essential for reducing the risk of loss to a minimum.

The potential for a large dollar loss from a single incident when coupled
with regulatory pressure brought on by a concerned public could severly
restrict or shut down discreet sectors of any high-technology industry. This
possibility mandates an integrated system safety approach for resolving safety
problems.
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‘This document ways preparcd as an account of work sponsored by an agency of
the U nited Szates Government. Neither the U nited States Government nor the
University of California nor any of their employces, makes any warrants, ex-
press or implied. or assumes any legal liability or responsibility for the ac-
curacy, completeness, or usefulness of any information. apparatus, product. or
process disclosed. or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial products, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute ar imply its endorsement, recommendation. or favoring by the United
States Government or the University of California, The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government thercof, and shall not be used for adveriising or product en-
dorsement purposes.
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