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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, 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 product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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“H. Paul Herna.ndez.

.Lawrence:Radiation.Laborato ry
. ‘University of California
< o - - Berkeley,. California

.September-13, 1967

¢ Abstract

‘The-AEC established-a-National Committee -in. April 1966 to:propose
. broad safety guidelines:for high—energy~'acee:1erators. : The"guideline.s ‘have
~been-written:-and-are-about to be published.

The guidelines: aid the director-in.the organization and review of his

safety program and-provide a .ch‘eck_-lis‘t- to-consider when.assembling a:.safety
“‘manual... It allows-each laboratory-to rves'_ca.blish'.its, own safety program to fit
Lits own. ‘needs. |
- The-intent of the -Committee and some of the- problems. they faced -are

~dlscussed

. {23'5

o An invited: talk for presentation:at the- 1967 AEC and Contractors: Safety

‘Meeting,. Argonne National La.bora.tory, Argonne, Ill1n01s, September -49-20,
1967, ’
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‘Introduction

Background

‘The introduction:that I will use -is taken dire ctly from the ''Safety

-:Guidelines for High-Energy-Accelerator-facilities.' Since so'much.effort

went into the -writing of these sentences,. I doubt if I could improve the ideas

‘any by rewriting them.,

.On.July 5, 1965, a-major fire and .explosion:occurred-at an
+AEC HighaEne‘rgY}‘ Physics:installation. . As part of its-effort
‘to minimize the possibility of another such.occurrence, . the

- AEC established-a:national committee to.prepare  Safety
-Guidelines -for-High Energy Accelerator: Facilities, . The

- committee was composed of representatives of major-AEC
‘research facilities and'AEC Headquarters-and field office

staffs,

. The committee worked under the chairmanship:of J.. Allentuck of the

‘New York AEC Office,. and personnel was chosen.from the AEC offices in
~New York,. Chicago, Brookhaven,.and San: Fra.nc1sco, and- the Wa.shmgton
;AHeadquarters and from the ‘Argonne National Laboratory, the Brookhaven
‘National Laboratory,. the Cambridge Electron:Accelerator, the Lawrence
-Radiation: Labora.tory, the Massachusetts Institute of Technology,. the

"Princeton=-FPenn: Accelerator, .and the Stanford:Linear Accelerator.

The New York Operations Office was given.the task of writing the

~guideline. . The committee's :charter-as specified by W.. M Johnson,

.NYAEC .on-7/April. 1966-is as- follows

To establish:.an:.Accelerator Safety -Coinmittee ‘tooprepare broad’
-safety guidelines:of general applicability_,-for--bothzeXperimerité.l
-use of accelerators-and: accelerator operations:at. AEC faciilities.
- The charter of this Committee is such:as to ‘s.peci.fica'lly

-exclude radiation.safety.

Historz

Four major subcommittees were established to develop guidelines
_;I. - Management .Procedures

‘Il Buildings and Facilities
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“III. Experimental Equipment
IV Oi)e,ra.‘ting:‘P-rocedures :
-The first gehe ral meeting was held:at ‘Argonne on.18-19.May :1966; -
"members were appointed to.the subcommittees and ‘.:the»-.férrn for -the guide-
-lines was established. ..During-the pe riodz,-fro'mzh’l\/lay to:October-1966, _each b
:subcommittee prepared:.initialv.dra.fts of'its:guidelines, . At meetings:from ’
October-25to 28,.1966, the entire \‘commi‘tte_e-vme,t- at Brookhaven to:review
- the prepared:drafts,. and (after -sorﬁe disagreement) agreed on.areas re-
‘quiring further subcommittee effort. . | , ,
- On-'January-3, 1967,. anfe.d'itbr.ial subcoemmittee was established to
- prepare-a:composite document, - A draft was:edited:and.completed on:March
T, '1;967,, and distributed to committee members :for~co,mment; later-it went
- to.the directors of accelerator -laboratories and.to- AEC field.offices for their
-comments. . The'comments are now b'e.ing-;.incorporated1-into\theuguide3l-ines:at |
‘the AEC vHead‘quar.ters in:Washington,. and the guidelines:are expectedito be
=published:in-the last quar.te'r -of this -yed-r.

-

Description-of the Guidelines

‘Preface to'the guidelines

The -purpose of these guidelines (as stated'in the guidelines) is
.. . . to.provide-a guide-for the ‘organization-and review
of sa.fetyj--progra.ms .in.accelerator laboratories, . The
‘various:laboratories differ significantly-in. s.ize;,,. loca-
tion, and.scope of their -activities, . Therefore, éafety

-at each.installation .can best be served by the-individual
- laboratory developing-its-own detailed safety-program
standards,. procedures,.and speciﬁca’cibné. .‘This-docu-

‘ment presents guidelines that: ma.y be considered by

management for-development of its policies and .
standards.
. In other -words,. this-document guides ‘the\directdrwin:setting'fup\ 2

2 (a) --laboratory-v»safety_.;organizati’on;to;;formulate,,'advise ‘on, and:implement
: sa-fety'pol.icy; |

(b) asks that local safety rules be written by the laboratory;
. (c). provides-a-checklist of guidelines:that should be-considered:in.the

‘assembling of the local safety manual.



34 UCRL-417815

- Thé importance of the guideline approach.s that each.laboratory is

srequired to-establish.its.own safety program to fit its:own needs. . It was the
~committee's intent to-emphasize that each laboratory.is ‘different and has ‘its
‘own style -of operation. . Keep'in . mind also that these guidelines-are directed : .

\-to-speciﬁ‘c-.fa.cilities—-namely ‘high.energy -a.ccelerator~faci1iti¢s only. They

are not.directed to or tested for their applicability-to other-areas such as

chemistry laboratories, nor dothey consider the design:and operation .of the

‘accelerator-itself. . Radiation and electrical safety_:'are--treated .only in:a.peri-

pheral:manner; other documents treat these subjects in.greater-detail.

. Parallel with this effort the AEC has:in preparation .guidelines-for

-electrical safety.

. Introduction to-the guidelines

The introduction of the ‘guidelines recognizes that
. The laboratory. in:its:mission.of supporting ':.H.igh‘
:Energy-Physics:is-involved continuously in the -opera-
tion of accelerators ‘and‘expe‘rimenta.l._devices; »in.the
~design-and construction.of buildings,.facilities-and
-experimental equipment; : in.the ‘in_stallationeahd
:removal of experimental setups:and beam tfansport
ér’ra‘.ys; and,. in the assembly-and disassembly-of
- experiments. v
. These guidelines:go-on.to recognize the problems of
-{a) The simultaneous use -bf. many pieces rof hazardous-equipment.

. (b) The:consequences to.the surroundings:of the failure ~of-a.xpiece’o£ '

- equipment.

. (c) The diverse activities and.interests of those pres ent.

. (d) - How to maximize the use of equipment while =mini_xhizing-'.the-hazar,d_.,
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. The Guidelines

Each of the subcommittees :wrote one of the four major sections.
shown .on this ‘abbreviated table of. contents.

i

SAFETY GUIDELINES FOR
HIGH ENERGY ACCELERATOR FACILITIES

Background

< Preface

~Introduction
S P Management Safety Gu1de11nes
‘ . Statemerit of Policy
.Responsibility and Delegation of Authority :
. Provision of an Orgamzatlon to: Implement the Safety Progra.m Co
.Review Procedures ,
~Issuance-of Safety" Manuals
. Emergency: Procedures
- Internal: Audit.
ildings- and Fa.C111t1es Guldelmes
‘General"
- Design of Building:Structure
Exhaustinger Venting of Hazardous: Gases
. Electrical Safety '
: EmergencysPower,. Lighting: and Communications
-Fire Protection
. Gas Detection
“Grounding-and: L1ghtn1ng Protection
. Storage ‘of Hazardous: Material
Engineering Test Facilities
perlmenta.l Equipment
. Introduction
. General Guidelines for-Equipment
- Guidelines for Nonflammable=-Noncryogenic Systems
‘Guidelines for Nonflammable~Cryogenic:Systems
- Guidelines for- Flammable-Noncryogenic Systems
- Guidelines for-Flammable:Cryogenic Systems
. . Windows '
IV, O}gera'ung Procedures
. - Procedural Requirements .for Experlmental Operations
. Equipment Monitoring During Operation:and Standby
. Emergency-Procedures.in the Event of Equipment Failure
- Management of Experimental ' v 4

.....?>
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Problems

Format

The titles of the four sections could:be grouped easily into Management

~and’Buildings, then:Equipment and ‘.Oper,ation,..as-this,;is-”_the ‘wa',yrmost labora-=
tories are-organized. Choosing-the ‘-fo-r,ms-of' thé»"Equipment Section:and of the
: Operatidn—s :Section - was more rdiffic.uslt,. as:there are many groups of words
‘(or matrices) which:can be put together in:many ways and which have a large-

~number of combinations. . For example,. in:the Equipment Section,. the fol-

lowing ‘partial lists yield:3888 combinations-~-each had to be considered,

General Categories

Flammable - Cryoge nic .~ Mechanical
‘Nonflammable ‘Noncryogenic : - Electrical
Systems : Componenfs - Functions
Bubble -chambers Vessels ‘Design
~Cryogenic targets Vacuum tanks . ~Fabrication
- Spark:chambers v ' . ‘Reservoirs . "InsPecti.c‘m- .
~Gas counters “Piping : ‘ e Repor.fs
Superconducting=;rha.gnets Controls ' ' ' Sa.fety{ devices
< Auxiliary é.t_;orage ‘Instrumentation ~ Testing
=:F1uidrhandling - .. -Installation
Thin windows : - <Maintenance
‘-.Others: . : v ‘Standard.codes

- Which would you choose for the primary headings ?' In.these gtiiderlines

‘the first two groups were-\combined-to‘give-:.fdur\of'the~-ma,jorrhea.ding_s~ of
o Section.;IfI-I. of the Guidelines, as shown on the ‘table of. content'so . And,. of
. course,. there are always-a few headings that do not seem to.fit anywhere.

Scope and . Detail

The committee limited the scope-of its: work to -hazards associated with

:research:at high energy accelerators. . For example,.in the experimental

i equipment section,. we -did not describe ‘how an accelerator-is designed... An
.accelerator,. we -agreed,’, is.designed under ‘sfandard«codes'such‘asr'AEC 6300,
. NFPA, etc., and we did not see the need for »ahy ‘unusual rules that would be
‘required other -than..radiation-precé.utions,v which:wére not a:part of the-com-
‘tmittee's charter.  On the other :hand_, _some areas that have not received

-specific attention but perhaps should are
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¢ .Hydrogen liquefiers:and purifiers,

-+ . Liquid oxygen, |

-+ Liquid:helium, : ’ .

-+ On-~gite transport of flammable fluids. o

The detail of the 5report*var-ies ‘mainly because-of the nature of each" t
.section. - Section:I,. Mariagement is:theleast detailed,. and:the amount of de-
tail increases to-its greatest in:Section:IV, Operating:Procedures. . There is
- also:variation.in subject,. coverage, and.style, which is:.a. consequence of
having-many -authors. |
- Another-item was to:review the:guidelines to:see that they did.not

-~ recommend the preparation of too many reports. |
. Audience ,
~ Identifying -the-audience was one of the first problems; - this:affected
‘all the different subcommittees and was -interlocked with the question.of
guideli.ries vs.rules. The guidelines are directed:to the-laboratory manage-
-mént,. who 'can use them as.a starting point. for specific instructions to
sengineering-and scientific groups. The ‘a.udience-probably‘consists-p’r’-'incipa.lly '
-of the safety -committees of the ‘various -la.bbratories,‘ although:the overall”
- report- méy-reach:,several- other -groups. . For example,, the.-Management: Sub-
committee .directed its work to managers, and the Equipment Subcommittee
to-technical personnel, | |

.-Guidelines..vs Code

- The most difficult \question~thefcommittee‘ faced:was whether the re- .
~port should be'-mandatory or nonmandatory-=i.e.. guidelines or minimum
: acceptablérsta.ndards, . The -problem became apparent whenzthe.::'.first,drafts
‘were brought together for-the:-first time ‘at the ".Brookh'a.ven-.me‘e“tingo - The
rsections:varied greatly,. but in -'gene ral the-mandatory nature increas ed:from

- Section I to Section IV. . Section.I,. Management,. Was -always-in.the nature of

n
. guidelines, as it is directed to the whole laboratory. . Section.IiI, . -Equipmevnt,
o becomes ‘more ma.ndatory, ‘the-first arrangement 1ncluded a: statement- of the t/

~problem. followed by -an.example written as-a. rule. . This- approach was too
‘wordy. The Section was rewritten and:the draft taken to: Brookhaven was

- written in:.the form of minimum acceptable standards.

. Even where there was mutual agreement, the idea:of minimum accept-

‘able-standards was:not approved. .-'Many'peqplé-sincérely-believe, and-I concur,
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that providing standards :eliminates,-.the necessary thought on and discussion

of safety at the laboratories,. and that directives and.manuals can:introduce.

‘a:false sense of security, There was also great concern over-the probability

- -that any-mandatory sentence would-.in-,futurevgeneratidns-beconie-a-.,rule. . This

question was discussed vigorously, and inthe end guidelines won out.

Technical Problems

There-are still unsolved technical problems but only-a.few can be dis~-
cussed:in:this short paper.

‘Building forced-air emergency ventilation: Does:it do-any good?’ At

'CEA and'Saclay:it didn't help. . Perhaps forced-air ventilation.in buildings
‘need only be sufficient to prevent flammable gas mixtures.from accumulating.
- Looking specifically at liquid hydrogen, it now seems clear that we should
-assume that any sudden.release of large amounts of hydrogen:into the:air
~would ignite spontaneously. . Coﬁsequently it is even more important to
-emphasize the.design philosophy of containment and.put less-emphasis-on

‘emergency ventilation,

The design and pressure testing of bubble chambers: How should:the

‘pulsed stressing of a bubble .chamber be -considered? How much detail should
‘be included in the guidelines ?' In the: ASME Nuclear Boiler-Code no less than
ten kinds of stresses -are described. . In.general, existing codes, such:as the

.~ASME Pressure Vessel Codes and the NFPA National Electrical Code,, were

used as points of departure in developing the Equipment Guidelines. These

.codes ‘provided-a.checklist of items to.consider,. and indicated the importance
-of test procedures. However, these codes were not written.generally to:in-

- clude bubble:chambers,. high . pressure counters,. and the like..

-Hazardous research:equipment in:general operates-at relatively low

- pressures (less.than 4000 psi) and:temperature ranges (less -than'r600°K),v . In

this. respect the design problems are not difficult, and there are many geod

‘ -Amateria.ls, . The important problem is that the working fluid is flammable, E

G

. and -brittle materials such as glass:may be used for optical windows,. or

plastic for thin beam windows, operating at very low temperature. Once we

‘are sure of the integrity of the parts of the system that do not affect the ex-

-periment, and.the weakest points of the system such as the optical or beam

windows: are identified,. then.it suffices to-focus and- maintain-attention .on

only those few points.(the exception principle). The relief devices protecting

“these weakest points must be-adequate to-assure that the windows -themselves
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do not become the '"rupture discs, '

A pos.siblev cause of explosions:in -hydrogen.liquefiers and
purifiers: :The ‘cause -of oxplosions in hydrogen liquefiers and purifiers, to
.my-knowledge, has not been satisfactorily explained. . It could be as described _
‘below. . We know, . from studies.of gas-stream Van de Graff generators, that -
- a-high-velocity ‘gas stream can:produce an:electrical charge. . Tl there is:an

.insulator te accumulate ¢harge, such-as:a layer-of froz en-oxygen,. then:when

.'the voltage-across:the -insulator is sufficient to break down the insulator-a

‘spark discharge can.oeccur. . The spark.can be the ignitien.source, . the hydro-
 'gen:exists,. and the oxygen:can:enter-the system as:impurity.in.the hydrogen.

. In liquid hydrogen bubble :chambers,. for example,. the impurity is seen-as -

.-fine '»p.owd'er-on:the ‘bottom of the :chamber which.is .easily moved:around. . All
-the'requirements.: for-an:.explosion .are -satisfied, _

. The spark discharge required to ignite-a:hydrogen-oxygen mix-

~ture -must sat.is»fyurtwo ,:réqu-;ir‘ements: (a) The spark:must contain:sufficient

- energy to ‘.ignité -th,e-wmizxture, .and-(b) the layer of insulation .must be_--‘th°1ck g

-enough to hold:the required voltage -before -discharging. The ‘minimum: energy
‘required toignite-an Hp-O, mixture is:about: 0.02 millijoule. . What voltage is
‘necessary ?- Consider“a,.i-;ino.”long section.in:a stream.of hydrogenzgaso,,S'in,
~in.diameter 4a;nd*£lowirv1g ‘parallel to-an insulated plane (layer of oxygen) and

0.5 in.. above -it, . The ca.pacrcance of such a: hydrogen stream to the oxygen

layer. is about 0.75 upnF.  From W = 1/2 cv? ", where W 'is the stored.energy
‘in.joules,. C is —the-‘capacn:ance'_1n;farads, and *V’ 1s~the--volvta.ge, one-sees

that only-7000 V would be required. . If the- 1gn1t10n energy is considered at
'Hz O3 mixtures of 10 or- 55% HZ’ then the energy needed is: about 2.mJ, which
:requires 70000 V. . Evidence -of veltages in this range-have been seen:as

:dendritic trails-in.insulaters, . made by sparks. - Such.trails were made ‘in the

"SLAC 40-inch-diameter liquid hydrogen bubble chamber,. and were 'obse:rAvéd

.as :carboniZed paths left in.the epoxy base -of the Scotchlite light reflector. “
To ‘make similar trails ‘in:Lucite~type plastics has :féquired,voltages;of' a‘oout
1100000 volts. | |

. At this time,.the mechanism, described.above is 'I‘J.nproven,-\. and

-experimental evidence-is 'needed to establish.its.correctness. . However,f'.\thev
‘petroleum industry-solved a problem involving:a similar mechanism several
- decades ‘ago. The -suggested'meché.nis-m,mé.kes.clear-fhé ﬂim'por»tance -of
“keeping-oxygen out of hydrogen systems by-careful attention: to hydrogen purity

-and- procedures..



"

a

wwww

-9~ "UCRL-17815

!

“In the meantime, liquefiers and purifiers:might be-considered as

‘high-voltage electrical apparatus, with thought given to such:.tems as voltage
‘gradients, arrangements that will drain electric charge rapidly, and hydrogen

-stream. velocities.

Review

-The guidelines were reviewed by six accelerator-laboratories:and

five ~AEC Field:Offices. . Two laboratories:and:twoc “AEC Field "Officels._:replnied

.without: comment. . Two people-even.commended the committee for its: effort,

. Several laboratories stated:that they were glad that the guideline

appi‘joachewas .chosen rather than a:'mandatory-approach. One laboratory
~thought that the report was.too idetailed:and=unba,=1a,ncedg. and overemphasized

~the 'CEA factors.  This:is probably true,. since the CEA report was the basis

of these guidelines; perhaps those who are farther from the project can

‘better evaluate this comment.  Corrections:and improvements,. I believe,. will
‘be made in time. - Perhaps these guidelines:should be reviewed:about every

~three years.

- I would .caution against too much emphasis-toward:formal certifi-

-cation and-:a:checkoff approach:to safety. - An.attempt to include-all problems,
.many of which-are of no-consequence,. can lead to a serious decrease:in
.safety effort on major ‘problems. . Certification:and safety reviews ‘must be
‘made, but theyf‘r'h.u;s.t not be so formal that codperationrand .communicatien
. .between the ~e<iu-ipment» users and the safety perscnnel are suppressed or-cut
“off. - Maintain-ing;this--éommunication,- I believe, is one of the most important |

- and difficult tasks .facing s éifety ‘personnel today.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
"implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

- As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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