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Purpose

The purpose of this Safety and Health Information
Bulletinisto:

* Review thetypesand usesof particleaccelerators,

* Provideinformationto employersand
employeesto assist in recognizing the safety and
health hazards, both radiation and non-radiation,
associ ated with the operation of special purpose
particleaccel erator facilities;

* Provideinformation to employersand employees
about basi ¢ and specific safety and health
considerationsand to help ensurethey are
adequately protected from hazardswhen operating
and working near special purpose particle
accelerators,

* |dentify specific Occupational Safety and Health
Administration (OSHA) and Nuclear Regulatory
Commission (NRC) regulatory requirementsthat
address operating and working at specia purpose
accelerator facilities; and

* Recognizethat working at special purpose
accelerator facilitiesentail sthe utilization of high
voltagedlectrical systemswhich canleadto electric
shock and arc-flash/blast events and fires caused by
overhesating.

Introduction

A particleaccelerator (or “accelerator”) isadevice
(linear or circular) that uses el ectrostatic or
electromagneticfieldsto increasethe speed (energy) of
electrically charged particles(molecular, atomic, or
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This Safety and Health Information Bulletin (SHIB) isnot a
standard or regulation, and it creates no new legal
obligations. It contains recommendations as well as
descriptions of mandatory safety and health standards. The
recommendations are advisory in nature, informational in
content, and are intended to assist employersin providing
asafe and healthful workplace. The Occupational Safety
and Health Act requires employers to comply with safety
and health standards and regulations promulgated by
OSHA or by astate with an OSHA-approved state Plan. In
addition, theAct's General Duty Clause, Section 5(a)(1),
requires employersto provide their employeeswith a
workplacefreefrom recognized hazardslikely to cause
death or serious physical harm.

subatomic) or electronsand to direct the charged
particlesto collidewith each other or atarget. The
collison or interaction of thecharged particles

rel eases subatomic particlesor producesvarious
typesof ionizing and nonionizing radiation. Examples
of nonionizing radiation produced by accelerators
includevisiblelight such asthelight produced by a
cathoderay tube (CRT) inatelevision, ultraviol et
light, infrared light, radio waves, and dectricand
magneticfields. A typeof ionizing radiation produced
by acceleratorsincludesx-raysthat can beusedin
numerousways. For example, when charged
particlesare captured on aspecific target, medical-
related isotopesare produced. When electronsare
accelerated onto ametallic (typically tungsten) target,
X-raysareproduced. Both medical isotopesand x-
raysare used to treat cancer and other tumors.

Theinformation presented in thisbulletin doesnot
cover al typesof particleaccelerators. Instead, the
content focuses on specia purpose acceleratorssuch
astheresearch accel eratorsgenerally found at
universitiesand Department of Energy (DOE) Sites.



Types of accelerators

Accedleratorscomeinawiderangeof sizesfromsmall
and smpleto very largeand complex. They dsovary
extensvely inenergy levels, from low-energy tabletop
medical acceleratorsto high-energy accelerators
whosedimensionsaremeasured inmiles. Thereare
severa typesof acceleratorsin usetoday including:
deuterium-tritium generators, Cockcroft-Walton
accelerators, Van de Graaff accelerators, linear
accelerators, and circular accelerators. Circular
acceleratorsinclude cyclotrons, synchrotronsand
betatrons.

Uses of accelerators

Acceeratorswere once used amost exclusively for
physicsresearch. They are now commonly usedfor:

Television or other visua instrumentsusing a
CRT;

» Medical therapy. Accelerator-produced x-rays
and particle beams of electrons, protons, neutrons,
or heavy ionscan bedirected at tumorsnot
reachable by other treatment techniques,;

* Research and materialsanalysis. X-raysor
accelerated particles can bedirected at atarget to
andyzeitsstructure by measuring theresulting
scattering of particles,

* Non-invasive security assessment.
Accelerators produce x-raysthat can quickly
identify the contentsof containerslocatedin
trucks, shipping containers, or luggageto detect
hidden explosives, chemicals, or contraband,;

» Radionuclideproduction. High-energy protons
or charged particlescan bedirected at targetsto
createradionuclides (radioactive atoms) for
medica, research, and industria uses; and

* High-energy and nuclear physicsstudies.
Particles produced from accelerator targets
can be used to study the basic structure of
matter and the origin of theuniverse.

Thereare approximately 17,500 specia purpose
particleacceleratorsin usethroughout theworld,
with about 4,000 such devicesoperating inthe
United States. They rangefrom small andsimple
acceleratorsto very largeand complex ones.
Table 1, below, showsthe approximate number of
specid purposeacce eratorsused indifferent
technica applications?

TABLE1
Approximate Number of Special Purpose
AcceleratorsWor ldwide

CATEGORY OF ACCELERATOR NUMBER IN USE
High energy acclerators (E>1 GeV) ~120
Synchrotron radiation sources >100
Medical radioisotope production ~200
Radiotherapy accelrators >7,500
Research accelerators including biomedical research ~1,000
Accelerators for industrial processing and research ~1,500
lon implanters, surface modification >7,000
TOTAL >17,500

Accderator hazards

Accelerator operations present arange of
potential workplace safety and health hazardsin
addition to those posed by ionizing radiation. For
example, €l ectrical hazards are common because
high-voltageand supporting cabletray systems
areused in operating accelerators. Large
acceleratorsfrequently operateintunnelswhich
haverestricted accessand egress. Theuse of
compressed gassesand cryogenics (very low
temperatures) in the operation and mai ntenance of

! From W. Maciszewski and W. Scharf, Particle Acceleratorsfor Radiotherapy, Int. J. of Radiation Oncology (2004), available
at http://villaolmo.mib.infn.it/| CATPP8th_2003/M edi cal %20A pplications/M aciszewski.doc




acceleratorsincreasesthelikelihood of oxygen-
deficient atmospheres, especialy in confined spaces.

Lasers, used to align the accel erator’ sbeam, pose
nonionizing radiation hazardsto theeyesand skin.
|oni zing radiation hazards are associated with the
active particle beam and materialsin the beam’s path.

Basic safety and health consider ationsfor
operatingand working at acceler ator facilities

Thefollowing arebasic proceduresfor helping to
ensurethe safety of employeesoperating or working
near accelerators:

»  Specificaly definework processesfor accel erator
activities

* ldentify and analyze hazards of accelerator and
associated operations.

* Implement controlsto eiminate or reduce hazards.

»  Performwork incompliancewith the prescribed
controls.

» Provideopportunitiesfor employeestogive
feedback to management regarding improvements
to accel erator operationsand controls.

» Trainemployeesbased upon the particular
hazardsidentified and use competent instructorsto
providetraining.

Specific safety and health consider ationsfor
operatingand working at acceler ator facilities

Althoughthelist below isnot comprehensive, it
providesexamplesof important considerationsto help
ensurethe safe operation of acceleratorsand
accderaor facilities

» Electrical hazards. High-voltage€electrical
systemsarerequired to power most accel erator
operations. OSHA Generd Industry and
Congtruction standards, specify electrical safety
requirements. Theserequirementsrangefrom
guarding energized live partstofollowing safety
practices, including the use of persond protective
equipment (PPE) when working on or near
energized equipment. TheNational Electric
Code® and the National Fire Protection

Association (NFPA) 70E (“ Standard for Electrical
Safety intheWorkplace”) alsoincludeéeectrica
safety practices.

» 29CFR 1910 Subpart S— Electrica
— Establishesedectrica safety
requirementsnecessary for the
practical safeguarding of employees
intheworkplace.

» 29CFR 1910.269 — Electric power
generation, transmissonand
distribution—Establishesrequirements
for the safe operation and
mai ntenance of electric power
generation, control, transformation,
transmission and distributionlinesand
equipmen.

» Control of hazar dousener gy (lockout/tagout).
Accel eratorsdepend on high-voltage systemsand
associated electrica equipment. Appropriate
controlsarerequired for servicingand
mai ntenance of those machinesand equipment
where energization, start-up, or release of any
stored energy may havethepotential toinjurean
employee (29 CFR 1910.147).

* Egressand fireprotection. Workplaces that
operatelargeacceleratorswith high-voltage
electrica systemsand extensive enclosuresshould
haveacomprehensivefire protectionandlife
safety program. Appropriate precautionsinclude
conducting afireand egresshazard analysisand
complyingwith OSHA's Generd Industry
standardsin subparts E (Meansof Egress, 29
CFR 1910.33-39) and subpart L (Fire
Protection, 29 CFR 1910.155-165). Seealso,
the NFPA voluntary national consensus standards,
including the Life Safety Code (NFPA 101).

» Potential oxygen-deficient atmospheresand
confined spaces. For somelarge accelerators,
leaksof liquefied gasesused in operations can
displace oxygen and poselife-threatening hazards
in confined spaces. Liquefied (super cold) gases
a so present Significant cryogenic hazards.



Appropriate precautionsinclude conducting
detailed hazard analyses, use of appropriate
personal protective equipment, (29 CFR
1910.132), strict compliancewith safety and
hedlth requirementsand, if necessary,
implementing apermit-required confined space
entry program asoutlinedin 29 CFR 1910.146.

e Lasers. Lasersproduceahighly directional
monochromatic beam of light used to ensurethat
theaccelerator’ sbeamisproperly aigned withthe
target. Appropriate controls, such asinterlocks
and warningsaswell as PPE, are needed to
protect the eyesand skin from exposure. (seethe
American Nationa StandardsIngtitute (ANSI)
voluntary nationa consensusstandard 2136.1
(2007) Safe Use of Lasers)

 lonizingradiation hazards. Accelerators
generateionizing radiation whenthe primary beam
isactivated. Inaddition, resdua radioactive
material may be produced by interactions between
the particle beam and materiasin the path of the
beam, such astargets and associated enclosures.
Radiation such asx-raysgeneraly ceasesoncethe
beam isdeactivated, minimizing thepotentia for
exposure. Onthe other hand, radiation generated
from isotopes (radiation sources, with haf-lives
varyingfromvery short to extremely long
duration) may not awaysdiss pate quickly and
maly pose more extended exposure hazards.

OSHA adopteditslonizing Radiation standardin
1971, incorporating theradioactive materias
exposurelimitsissuedin 1969 by theAtomic
Energy Commission, the predecessor tothe
Nuclear Regulatory Commission (NRC). NRC
hasrevised itsexposurelimitssevera timessince
1969 (910 CFR 20.113 through 20.2008).

To promote acoordinated and effectivefedera
program for the protection of employees exposed
toionizing radiation, the Federa Radiation
Protection Guidance (FRPG) wasissued in 1960
and updated in 1987. The 1987 Federal
Guidance document, devel oped collectively by 10
federal agenciesincluding NRC and OSHA,

generdly incorporated recommendationsonthe
limitsfor occupationa exposure and the approach
to radiation protection published by the

| nternational Commission on Radiation Protection
(ICRP)in1977. TheICRP updated its
recommendationsin 1990.

Inaddition, applicablenationa consensus
standards(e.g., National Council on Radiation
Protection and M easurements No. 144; Radiation
Protectionfor ParticleAccderator Facilities)
identify effectiveionizing radiation controls
including useof interlocks, shidding, adminigtrative
controls, warning systems, and appropriate PPE.

* Nonionizingradiation hazar ds. Operation of
particleaccelerators, by their nature, can generate
very high eectricand magneticfieldsaswell as
very highlevelsof radiofrequency radiation.
Guiddlinesand standards by standard-setting
scientific organizationssuch asthelnternationa
Commission on Nonionizing Radiation Protection,
and theAmerican Nationa Standards|nstitute
(ANSI) should bereviewed and followed to
protect employees. In additionto potential
biologica effectsand health risks, nonionizing
electric and magnetic fieldscan pose safety
concernsfor personswithmetalicmedica
implantsand devices such aspacemakers.

Accelerator Occupational Safety and Health
Juriddiction

Asexplained below, OSHA hasthe authority to

regul atethe occupational safety and health hazards
associated with (1) the operation of particle
accderators, and (2) incidenta radioactivemateria
produced by particle accelerators operated to
produce only particle beamsand not radioactive
materialss, to the extent these hazards are not regul ated
by other Federal agencies.

OSHA regulatesemployeeexposuretoionizing
radiation under authority granted by the Occupationa
Safety and Health Act of 1970 (OSH Act) (29 U.S.C.
651 et seq.). Thisincludes, for example,
occupationa safety and health hazards associated with



the operation of X-ray equipment, electron
microscopes, and accelerators.

Severd other Federa agencies, including NRC and
DOE, aso haveresponsbility to regulate employee
exposuretoionizing radiationin certain circumstances.
OSHA'slonizing Radiation standard (29 CFR
1910.1096) coversoccupational exposuretoionizing
radiation sources not regul ated by other Federd
agencies. Stateswith OSHA -approved occupationa
safety and hedlth programsexercise parale authority
withinthelr states. State programsmust enforce
standardsthat are at | east aseffective as Federa
OSHA standards.

NRC hasgtatutory authority for licensngand
regulating nuclear facilitiesand materialsasmandated
by theAtomic Energy Act of 1954 (AEA), as
amended, (42 U.S.C. 2011 et seq.) and other
applicablestatutes. Thisauthority coversradiation
hazardsin NRC-licensed facilitiesaswell as
conditionsinthosefacilitiesthat affect the safety of
radioactive materia sthat may present anincreased
radiation hazard to employees. Specificaly, NRC has
theauthority to regulatethefollowing nuclear
materials. source, byproduct and certain special
nuclear materials. The AEA defined* by-product
materid” tomean (1) materia maderadioactive
incident to or yielded inthe process of producing or
utilizing specia nuclear materid, and (2) wastesor
tailings produced during extraction (or concentration)
of uraniumor thoriumfromany orethat isbeing
“processed primarily for itssourcematerial content”
(42 U.S.C. 2014(¢e)).

The Energy Policy Act of 2005 (EPAct) expanded
thedefinition of “ byproduct materid” that NRCis
authorized toregulateto include, among other
materias, any materia that hasbeen maderadioactive
by useof aparticleaccelerator (i.e., “ accelerator-
produced materials’) (42U.S.C. 2011 et seq.). On
October 1, 2007, NRC issued regul ations
implementing the EPAct (72 FR 55864).

TheNRC regulationsdivide particle acceleratorsinto
threegroups:

» Acceeratorsthat arealwaysoperated to
intentiondly produceradioactivemateridsin
quantitiesthat areuseful for their radioactive
propertiesfor acommercia, medica, or
researchactivity;

» Acceleratorsthat are operated to produce
only particle beamsand not radioactive
materials(e.g., linear accel eratorsused for
medical treatment, € ectron microscopes, ion
implanters); and

» Acceleratorsthat are used to produce both
radioactive materialsand particlebeamsfor
other uses.

TheNRC regulations specify that theAgency will not
regulatethe”incidental radioactivemateria” produced
by acceleratorsthat are operated to produce only
particle beamsand not radioactive materialsfor use
foracommercia, medical or research activity. In
addition, theregulationsclarify that the EPAct does
not give NRC authority to regul ate the possession or
operation of particleaccelerators. Accordingly,
OSHA continuesto retain authority toregulatethe
occupationa safety and hedth hazards associated with
the operation of particleacceleratorsand incidental
radioactive material produced by particle accelerators
that produce only particle beamsand not radioactive
materials.

Additional infor mation

. Nuclear Regulatory Commission,
Requirementsfor Expanded Definition of
Byproduct Material; 10 CFR Parts 20, 30,
31, 32, 33, 35, 50, 61, 62, 72, 110, 150, 170
and 171 availableat http://www.nrc.gov/
about-nrc/regulatory.html#issuing

. Conference of Radiation Control Program
Directors(CRCPD), Suggested State
Radiation Control Regulations, Vol. |, Part 1,
Radiation Safety Requirementsfor Particle
Accelerators (January 1991).

. Accderator Fecility Safety Implementation
Guidefor DOE O 420.2B, Safety of



Accelerator Facilities, duly 1, 2005, U.S.
Department of Energy, availableat http://
www.directives.doe.gov.

Accelerator Safety, Self-Sudy, LosAlamos
Nationa Laboratory, LA-UR-99-5089,
Course#12325, April 1999, availableat
https.//ww.sns.gov/projectinfo/operations/
training/l ectures' Good%20i nformation/
Accderatorsafety.pdf.

Radiation Protectionfor ParticleAcceerator
Facilities, National Council on Radiation
Protection and M easurements, NCRP Report
No. 144 (Bethesda, MD, 2003), available at
http://Mmww.ncrponline.org.

OSHA Safety and Health Topics: lonizing
Radiation, availableat http://www.osha.gov/
S TC/radiationionizing/index.html.

OSHA Safety and Hedlth Topics: Electrical,
availableat http://www.osha.gov/SLTC/
dectricd/index.html.

OSHA Safety and Health Topics: Control of
Hazardous Energy (L ockout/Tagout),
availableat http://www.osha.gov/SLTC/
control hazardousenergy/index.html.

OSHA Safety and Health Topics: Confined
Spaces, availableat http://www.osha.gov/
SLTC/confinedspaces/index.html.

OSHA Safety and Health Topics: Laser
Hazards, avail ableat http://mww.osha.gov/
S TCllaserhazards/index.html .

SafeUseof Lasers, American Nationa
Standards Institute, ANSI Z136.1
(Washington, DC), availableat http:/
WWW.ans.org.

Information on OSHA -approved State plans
isavailableat: http://osha.gov/dcsp/osp/
index.html

Laser Indtituteof Americaisavailableat: http:/
.l aseringtitute.org/

Occupationa Safety and HealthAdminigration
OSHA isavalableat:
http://www.osha.gov/

National Fire protection Association (NFPA)
isavailableat: http://www.nfpa.org/itemDetall.
asp?categoryl D=164& iteml D=18021

& cookieYoSFtest=1

American Nationd Standards|ngtitute
(ANSl) isavailableat:
http://webstore.ans .ora/default.aspx

I nternational CommissiononNon-lonizing
Radiation Protection (ICNIRP) isavailableat:
http://mww.icnirp.de/




