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PREFACE 

It is the policy of the Lawrence Berkeley Laboratory to provide a 

safe and healthful working environment for its employees, participating 

guests, and visitors and to prevent any harm to the health and safety of 

the general public or to the environment as a result of the Laboratory's 

activities. It is also policy to protect Laboratory property from damage 

or loss from accidents or other causes. 

The Director of the Lawrence Berkeley Laboratory exercises the 

authority to carry out this policy and interpret the requirements for 

health, safety, and emergency preparedness placed upon the University of 

California as a consequence of its contract with the U.S. Department of 

Energy under Contract No. DE-AC03-76SF00098 for the operation of the 

Laboratory. 

Responsibility and Authority 

The Director has delegated to all levels of management the authority 

necessary to implement the health, safety, and emergency preparedness 

policies of the Laboratory. 

o Associate Directors are responsible for assuring that the 

Laboratory's health, safety, and emergency preparedness policies are 

being observed within their own divisions. 

o Building Managers are responsible for preparing, updating, and 

implementing the emergency plan within their jurisdiction; taking charge 

of emergency actions; organizing safety training programs as needed; and 

acting as a point of contact for building residents with respect to 

health, safety, and emergency preparedness. Building Managers have been 
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given the authority to· see that safe work spaces are provided within the 

areas of their jurisdiction. It is incumbent upon those persons actually 

in charge of various departments, groups, activities, or experiments to 

carry out their operations safely and to cooperate fully with the Build

ing Managers. 

o Each member of the Laboratory management is responsible for 

ensuring that employees and participating guests under his/her super

vision are properly trained in safety and emergency procedures and are 

provided a safe and healthful working environment, free from undue 

hazards. In exercising this responsibility, all members of management 

may delegate authority and assign responsibility for a particular opera

tion, but they retain accountability for oversights and errors that lead 

to injury, illness, or damage to property within their jurisdiction. 

o Supervisors at all levels shall aggressively promote the safety 

and emergency preparedness programs of the Laboratory. 

o The Environmental Health and Safety Department 1s responsible 

for independently auditing for compliance all Laboratory activities with 

the applicable safety rules and standards and for providing appropriate 

technical services. 

o The Emergency Preparedness Coordinator is responsible for 

monitoring compliance with applicable emergency preparedness policies. 

It is a requirement of employment and for the use of the Labora

tory's facilities that every employee, visiting scientist, or person 

performing work at the Laboratory be familiar with and implement the 

applicable Laboratory safety standards. Personnel working off site must 

be familiar with and implement the safety standards of the governing 
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safety organization. If there is conflict between their standards and 

LBL standards, the Environmental Health and Safety Department should be 

consulted to resolve the conflict. This responsibility includes taking 

the initiative to consult with resource groups listed below when assist-

ance or advice is needed to carry out safe operations. 

Performance Requirements 

To achieve its safety goal, the Laboratory's safety program requires 

that supervisors and employees: 

o Comply with the Department of Energy's fire, health, safety, 
emergency preparedness, and environmental control policies. 

o Plan and perform experiments and supporting work with full 
consideration given to prevention of accidents. 

o Prepare Operational Safety Procedures for operations that 
involve potentially hazardous conditions and are not covered 
by health and safety regulations. 

o Proceed with work only after having implemented appropriate 
safety procedures. 

o Train employees and participating guests to perform all work 
safely and to be particularly aware of potentially hazardous 
operations. 

o Correct hazardous conditions promptly after they are discovered. 

o Assure that personal exposure to toxic chemicals, ionizing 
radiation, and contaminants released to the environment be 
maintained as low as reasonably achievable. 

Safety Resources 

To aid supervisors and employees in establishing and maintaining an 

accident-free working environment, the Laboratory issues PUB-3000, the 

Health and Safety Manual, for general guidance. The safe design and test 

of hazardous experimental equipment is discussed in PUB-3001, Rules and 

Procedures for the Design and Test of Hazardous Research Equipment. 
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Applicable rules and procedures extend to all Laboratory operations. 

These publications are available from the Environmental Health and Safety 

Department, which also issues manuals and reports discussing safety in 

specialized areas. It is the responsibility of every employee to be 

familiar with these publications and to apply the rules and regulations 

that are applicable in planning and carrying out their work. In addi

tion, the Laboratory makes available the services of the Environmental 

Health and Safety Department and Medical Services Department. These 

departments can provide specialized support skills and resources. The 

personnel of these groups evaluate operations for hazardous conditions, 

recommend methods of safe operations, and monitor the work environment 

for all groups at the Laboratory. 

Safety Review Committee 

Work at the Laboratory is often experimental in nature and involves 

several different areas of science and technology for which there are no 

published safety guidelines or applicable codes or regulations. There

fore the Safety Review Committee has been established and its members, 

who represent a broad range of scientific and safety experience, are 

appointed by the Director. The functions and responsibilities of this 

committee are described in its Charter. 

The Safety Review Committ~e has formed several subcommittees to deal 

with specialized safety problems. 

These subcommittees are: 

Mechanical Safety Subcommittee 

Electrical Safety Subcommittee 

Emergency Preparedness Advisory Subcommittee 
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Seismic Safety Subcommittee 

Toxic Substances Safety Subcommittee 

Traffic Safety Subcommittee 

Radiation Safety Subcommittee 

The chairman of each subcommittee is a member of and reports to the 

Safety Review Committee. The subcommittees consist of individuals with a 

wide variety of experience in appraising difficult technical situations 

which might result in safety hazards. They are a valuable Laboratory 

resource available to all who use the Laboratory's facilities. 
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EMERGENCY ACTIONS 

All emergencies should be reported by telephone, using appropriate 

numbers given in the following table: 

EMERGENCY CALLS 
LOCATION TYPE OF EMERGENCY 

~ FIRE, VEHICLE ACCIDENT, ~ SPILL OR LEAKAGE OF RADIO· 

~ 
SERIOUS INJURY, EXPLOSION, 

~ 
ACTIVE MATERIALS OR HAZARD· 

POLICE ASSISTANCE, ETC. OUS CHEMICALS OR GASES. 

LBL ON-SITE 5333 5333 "HILL" BUILDINGS 

CAMPUS 9-911 5333 BUILDINGS 
DONNER & MCL 

DIAL 2·3333 FROM TELEPHONES 
RESTRICTED FROM OUTSIDE 

ALL OTHER 
CALLING. 

CAMPUS 9-911 2-3333 BUILDINGS 

OFF-SITE 
BUILDINGS IN 9-911 5333 BERKELEY 
934, ETC. 
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It is important to identify yourself and give all the information you 

have. Be specific and accurate. Report: 

o the location of the emergency--building and room, nearest building 

if outside, 

o the nature and severity of the emergency--gas leak, personal 

injury (such as electric shock), fire, radioactive spill, and 

o the presence of contributing or potential hazards--kinds of 

flammable liquids or gases, pressure vessels, exposure of other 

structures or persons. 

FIRE 

Actuate the nearest fire call box or DIAL appropriate number from 

above table or both. Use portable fire extinguishers if you or others 

can control the fire without danger. 

Listen for the PA announcement to confirm that your message has been 

received correctly. If not, telephone again. When the Fire Department 

arrives, they will take charge. Be prepared to tell exactly where the 

fire is. Assist the firefighters if so directed. 

SERIOUS INJURY OR ILLNESS 

DIAL appropriate number from above table and report the circumstances 

as indicated above. (If breathing has stopped, apply mouth-to-mouth 

resuscitation; if both breathing and pulse are absent, apply cardia-

pulmonary resuscitation immediately and have another person call for 

assistance.) If you cannot get to a telephone, actuate the nearest fire 

call box. 
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Listen to any PA announcement to confirm that your message has been 

received correctly. 

Apply first aid (see following illustration) if you are trained. Make 

the injured person comfortable, but remember excessive movement may 

aggravate the injury. 

HAZARDOUS MATERIALS 

DIAL appropriate number from above table immediately to report escape 

of hazardous quantities of toxic, corrosive, or combustible materials, 

including liquid spills and gas leaks. Wait for arrival of emergency 

personnel. Answer questions and assist when asked. 
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+ 
SEVERE 
BLEEDING 

HEART 
STOPPAGE 

STOPPAGE OF 
BREATHING 

POISONS 

SHOCK 

HEART ATTACK 

ACUTE ANXIETY, 
NERVOUSNESS 

BROKEN BONES 

BURNS 

EYE INJURIES 

UNCONSCIOUS 

SEIZURES 

Much spilled blood. blood 
comes in spurts. 

Absent pulse and heart 
beat. dilated pupils. 

Visual 1nspect•on shows 
no breathing. 

Abdominal pain. convul
Sions. vomiting. often 
deep sleep (coma). burn 
around the lips. 

Skin is pale and moist. 
Breathing shallow and 
irregular. Pulse weak and 
rapid. 

Amnety. May have shock 
symptoms. d•lficulty in 
breathing. bluish dis
coloration. 

trrat•onal or violent 
behav•or. 

Pain. swelling. tender
ness. deformity. 

Skin 1s: 
Red - 1st degree 
Blistered-2nd degree 
Charred - 3rd degree 

Discomfort. imtation. 

Unresponsive. 

Abrupt onset of uncon
sciousness. often accom· 
panied by muscle spasms, 
frothing at the mouth, and 
loss of bladder and bowel 

·---.... (-)oat.IIWL8L ( ....... ) ... M11 UC8(_, ..... _ 

Use direct pressure on wound using clean. preferably 
sterile compress. Elevate bleeding extremity. Use arterial 
pressure point if direct pressur ... tevation ia ineffective. A 
tourniquet should be used only as a last resort. Call 
emergency number. 

Patient preferably on flat hard surface. Place the heel of 
the hand over the tower third or breast bone with ~,-~. 
second hand on top. (see diagram). Apply very firm ~ · 
pressure vertically downward toward the spine 
approximately 1-1/2 to 2 inches and release about sixty 
times a minute. · · ·' · ... , 
Continue 1 S compressions followed by 2 ventilations 
(below). Continua until medical assistance is available. 
Have someone call emergency number. 

Pinch nostrils and 
blow thru mouth 

IG-12 1imeo per 
minute: Have 
someone call 

Tilt Head Back and 
L1ft Jaw. 

Fully Extend Head 
to Open Air Passages. 

DILUTE IF SWALLOWED 

Check the poison container for antidote. If none. for most cues dilute 
the poison with large quantities of water and induce vomiting. If poison 
is ac1d. alkali. kerosene. give vegetable oil or egg white. DO NOT induce 
vom1ting. Call emergency number. 

WRAP WITH BLANKET 

Keep in lying down position: head turned to one side in case of vomiting. 
Administer water if conscious. Nothing it unconscious. Keep victim 
from becoming chilled. but 00 NOT apply heat due to the danger of 
burns. Call emergency number. 

KEEP QUIET 

Generally make patient comfortable. Patient may prefer to sit to 
alleviate pain. cau emergency number. 

DO NOT LEAVE PATIENT 

Reassure him. Have someone call emergency number. 

KEEP FROM MOVING 

Keep injured part quiet to prevent further damage and to 
lessen the pain. Treat for shock. Call emergency number. 

COVER WITH THICK LAYERS OF CLOTH 

For 1st & 2nd degree burns apply ice immediately. Keep clean 
and cover with thick sterile pads to prevent air from reaching 
burn. Treat tor shock. Report to Building 26. 

COVER WITH GAUZE PAD 

If chemical splash, irrigate with running water for 15 minutes. 
Report to Building 26. 

DO NOT GIVE LIQUIDS 

Keep victim warm and lying down, head tumed to one aide. cau 
emergency number. 

Maintain patient in a lying positton In safeaurrounclings. Protect patient 
from injury by gentle restraint and by removal ofhazardasuchunearby 
furniture. 

Emergency Numbers: LBL ext. 5333 
UCB 
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POLICY 

PERFORMANCE 
EXPECTATIONS 

Revised 8/94 

Chapter 1 

GENERAL POLICY 
AND RESPONSIBILITIES 

Lawrence Berkeley Laboratory's EH&S policy states that LBL is to 
provide a safe and healthy workplace for LBL employees and casual and 
participating visitors. LBL activities are not to cause harm to these 
individuals, the general public, or the environment. LBL property is to 
be protected from property damage and loss due to accidents or other 
causes. LBL employees, casual and participating visitors, and others 
performing work at LBL or its off-site locations are required to be 
familiar with and observe LBL safety standards. 

LBL's performance expectations direct employees and casual and 
participating visitors to: 

• Be familiar with PUB-3000. 

• Comply with LBL's implementations of DOE ES&H policies. 

• Comply with other applicable fire, health, safety, emergency 
preparedness, pollution prevention, and environmental protection 
policies as required by federal, state, and local authorities. 

• Perform all work safely and be aware of potentially hazardous 
operations and conditions. 

• Stop their own work immediately if conditions or practices related to 
work appear to constitute an imminent danger (see definition below), 
and: 

- Call the danger to the attention of the responsible employee and 
employee's supervisor. 

- Notify the EH&S Division Office. 

(An imminent danger is any condition or practice that could 
reasonably be expected to cause death or serious physical harm (e.g., 
permanent or prolonged impairment or temporary disablement 
requiring hospitalization) unless immediate actions are taken, 
including removing the employee, to mitigate the effects of the 
hazard.) 

• Correct any hazardous conditions promptly. 
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Health & Safety Manual, PUB-3000 

PERFORMANCE 
EXPECTATIONS 
(cont'd.) 

GENERAL 
REQUIREMENTS 
FOR FACILITIES 

• Proceed with work only after ensuring that appropriate EH&S 
procedures have been implemented. 

• Ensure that research operations and other activities involving the 
potentially hazardous conditions are carried out in conformance with 
the guidelines in this manual and a current AHD, where applicable. 

• Maintain operating and quality assurance records in conformance 
with LBL Notebook requirements set forth in PUB-3111, Operating and 
Assurance Program Plan, Appendix C. 

• Ensure that personnel exposure to toxic chemicals, ionizing radiation, 
and contaminants is maintained within prescribed standards and is as 
low as reasonably achievable. 

• Minimize the volume and toxicity of LBL-generated waste and 
maintain chemical inventories as low as reasonably achievable. 

LBL employees who observe conditions or practices that appear to 
constitute an imminent danger in areas under the control of construction 
subcontractors must: 

• Call the danger to the attention of the responsible subcontractor or 
subcontractor's employee. 

• Call the Facilities Department, Ext. 5495, to notify the construction 
supervisor and the construction manager. 

LBL divisions are responsible for all laboratory space assigned to them. 
A division's line management must ensure that the following standards 
apply to all laboratory space and personnel for which and whom the 
division is responsible: 

HOUSEKEEPING 

All workplaces, passageways, storerooms, and service rooms must be 
kept clean, dry, orderly, and sanitary. Floors, workplaces, and 
passageways must be kept in safe condition. Debris from sweeping, 
solid and liquid wastes, and garbage must be removed as often as 
necessary to keep the workplace sanitary. 

AISLES AND PASSAGEWAYS 

All required aisles and exit passages must be kept clear of storage items 
and obstructions. Permanent aisles and passageways must be marked 
appropriately. Aisles and passageways must be in good repair. 

GENERAL POLICY AND RESPONSIBILITIES 
Revision 1 
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GENERAL 
REQUIREMENTS 
FOR FACILITIES 
(cont'd.) 

REVIEWS Of 
HEALTH AND 
SAFETY PROGRAM 

ANNUAL BUILDING 
INSPECTIONS 

ACCESS TO LBL 

Revised 1/94 

Health & Safety Manual, PUB-3000 

Sufficient safe clearance for aisles, loading docks, doorways, and turns 
must be made where mechanical handling equipment is used. 

COVE~S AND GUARDRAILS 

Covers and guardrails must be used to protect personnel from the 
hazards of open floors, tanks, ditches, and similar areas. 

FLOOR LOADING PROTECTION 

The loads approved by the Facilities Department in every building must 
be marked on plates made from an approved design. The plates must be 
in the area to which they pertain and be conspicuous. 

The rated floor load approved by the building official must not be 
exceeded. 

To ensure continued effectiveness, periodic reviews of LBL procedures 
and operations are conducted by EH&S, the Office of Assessment and 
Assurance (OAA), the Safety Review Committee (SRC), DOE, 
specialized consultants, state and local regulatory agencies, and 
prominent non-LBL experts in various fields. 

All LBL buildings must be inspected annually for fire, electrical, 
industrial, and general environmental safety. This inspection 
requirement is met through the LBL Self-Assessment Program . 

. EH&S teams make inspections for safety deficiencies. Fire Services 
conducts fire safety and fire protection inspections. A division 
representative, and/ or the Building Manager, accompanies EH&S and 
Fire Safety on their inspections. The division representative identifies, 
.reviews, and ranks safety deficiencies by urgency. 

A final inspection report covering safety deficiencies is sent by the 
inspection team to the responsible Safety Coordinator(s) requesting 
corrective action. A response is required within 30 days. Copies of the 
report are also sent to the OAA and Building Manager(s). 

Access to LBL and its facilities is controlled. Casual and participating 
visitors' access is set forth in PUB-201, Regulations and Procedures Manual, 
Section 1.06, LBL Site Access. 
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ACCESS TO LBL 
(cont'd.) 

REQUESTING A 
VARIANCE FROM 
LBL SAFETY POLICY 

STOPPING UNSAFE 
WORK 

Children aged 18 and under are not allowed at LBL except when part of 
a management-approved tour or accompanied by an employee or 
parent. Children must not be left unattended or allowed to wander. 

Pets may not be brought to LBL. Seeing-eye dogs may be brought on site 
by their owners. 

An experimenter who has the concurrence of the cognizant Division 
Director may request in writing a variance from LBL safety policy. 
Requests for variances go to the EH&S Division Director and must 
include: 

• An enumeration of the specific criteria, rules, or procedures for which 
the variance is being requested. 

• An explanation of the need to perform the experiment in the proposed 
manner. 

• A description of the experimental apparatus. 

• A description of the measures to be taken to ensure that the variance 
will not compromise safety. 

• A statement defining the period during which the variance is to be in 
effect. 

Variances from DOE orders and regulations require DOE approval and 
must be requested through the Associate Laboratory Director for 
Operations. 

For more information on variances, see the section on Responsible Parties 
and the following sections that describe the responsibilities of specific 
individuals and groups at LBL. 

Any work-related activities that constitute an imminent danger are cause 
to stop work immediately. Stopping unsafe work applies to all activities 
conducted at LBL and the Donner and Calvin Laboratories. 

When employees discover conditions or practices that appear to 
constitute an imminent danger, employees must: 

• Stop work immediately, if it is related to the danger. 

• Call the danger to the attention of the responsible employee and the 
employee's supervisor. 

• Notify the EH&S Division office. 

GENERAL POLICY AND RESPONSIBILITIES 
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STOPPING UNSAFE Upon being notified of a situation involving imminent danger, the 
WORK (cont'd.) supervisor or, in his or her absence, the technical EH&S staff must: 

RESPONSIBLE 
PARTIES 

Revised 1/94 

• Stop the work immediately or ascertain that no danger exists. 

• Notify the responsible division office. 

• Ensure that the EH&S Division office is kept informed. 

Upon being notified of a situation involving imminent danger, the 
responsible division office must: 

• Investigate the situation and arrange for any required remediation. 

• Prepare an investigation and remedial action report for immediate 
Bubmittal to the Director of EH&S. 

If operations are suspended, the work stoppage must be investigated 
and reported in accordance with the relevant procedure specified in the 
Accident Investigation Program,* Occurrence Reporting Program,* or 
Construction Safety Program.* Operations can resume when authorization 
has been granted by the EH&S Division Director or designee. 

The following individuals and parties are responsible for implementing 
general policy at LBL: 

LABORATORY DIRECTOR 

• Has overall responsibility for EH&S matters at LBL. 

• Delegates, in his or her absence, overall EH&S responsibility to senior 
management, in the normal chain of command. 

• Carries out the EH&S policy under the terms of a contract between the 
University of California and the DOE. 

• Delegates to the Associate Laboratory Director for Operations 
responsibility for EH&S policy-making, implementation, and daily 
operation of the EH&S program. 

*To be published in late 1994. 
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RESPONSIBLE 
PARTIES (cont'd.) 

ASSOCIATE LABORATORY DIRECTOR FOR OPERATIONS 

• Is responsible for EH&S policy-making, implementation:, and the daily 
operation of the EH&S program. 

• Delegates to the EH&S Division Director responsibility for developing 
and publishing LBL EH&S policy and developing and operating 
effective service and support programs to ensure that LBL EH&S 
objectives and requirements are met. 

• Delegates to the EH&S Division Director and his or her staff 
responsibility for stopping unsafe work activities in the absence of 
cognizant line management. 

• Appoints the members and chairperson to the SRC and appoints SRC 
subcommittee chairpersons. 

• Handles appeals for denials of variances on LBL policy and requests 
for variances from DOE orders and regulations. (See the section on 
Requesting a Variance from LBL Safety Policy.) \ 

EH&S DIVISION DIRECTOR 

• Develops and publishes the LBL EH&S policy. 

• Develops and operates effective service and support programs to 
ensure that LBL EH&S objectives and compliance requirements are 
met. 

• Stops unsafe work activities in the absence of cognizant line 
management. 

• May ask that a request for a variance be studied by the SRC and its 
appropriate subcommittees. (See the section on Requesting a Variance 
from LBL Safety Policy.) 

• Approves or denies in writing requests for variances. (See the section 
on Requesting a Variance from LBL Safety Policy.) 

EH&S DIVISION 

• Audits all LBL actiyities independently for compliance with the 
applicable safety rules and standards and provides appropriate 
technical services. 

• Publishes and revises PUB-3000, LBL's environment, health, and 
safety manual. 

• Reviews AHDs and hazardous operations. 

GENERAL POLICY AND RESPONSIBILITIES 
Revision 1 

1-6 Revised 1 /94 



RESPONSIBLE 
PARTIES (cont'd.) 

Revised 1/94 

Health & Safety Manual, PUB-3000 

• Inspects all LBL activities for compliance with applicable safety rules 
. and standards. 

• Provides technical expertise and services in EH&S issues. 

• Monitors closely experimental operations for which a variance has 
been granted for the duration of the variance. Ensures that the 
conditions of the variance are met and safety is not compromised. (See 
the section on Requesting a Variance from LBL Safety Policy.) · 

• Conducts with division representatives inspections for earthquake, 
emergency preparedness, electrical, industrial, and hazardous 
material safety. 

SAFETY REVIEW COMMITTEE 

• Reports to and advises the Associate Laboratory Director for 
Operations on matters of health and safety. 

• Performs research for and makes recommendations to the Associate 
Laboratory Director for Operations on matters of policy, guidelines, 
codes, and regulatory interpretation. 

• Conducts reviews of special safety problems and provides 
recommendations for possible solutions, if requested to do so by the 
EH&S Division Director. 

• Has members who represent all divisions and are selected on the basis 
of their scientific activity, balance of technical knowledge, and safety 
expertise. 

• Forms subcommittees that handle specific science- and technology
related safety problems for which no published guidelines, codes, or 
regulations exist. 

• Reviews appeals from divisions when a division and EH&S do not 
agree on the interpretation or application of criteria, rules, or 
procedures, and advises the Associate Laboratory Director for 
Operations on options for a resolution. 

• Appoints subcommittees to address specific health and safety matters. 

• Conducts, under the coordination of the OAA, triennial reviews of the 
safety programs of LBL divisions. 

Membership terms in the SRC are renewable for up to three years. The 
participation of active experimental scientists is important to the 
functioning of the SRC. 
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RESPONSIBLE 
PARTIES (cont'd.) 

CHAIRPERSON OF THE SRC 

· • Recommends, for appointment by the Associate Laboratory Director, 
chairpersons for the SRC's subcommittees. 

CHAIRPERSONS OF SRC SUBCOMMITTEES 

• Have the authority to appoint members to the subcommittee and 
assign them tasks. (This must be done with the approval of the 
member's department head or the Division Director.) 

• Maintain records of the subcommittee's activities and submit a written 
annual report to the SRC. 

• Are ex officio members of the SRC, through which they report. 

BIOLOGICAL SAFETY SUBCOMMITTEE 

• May be requested to review biological safety guidelines for LBL work 
that includes potentially dangerous biological materials. 

• May be requested to evaluate systems for containment, sample 
handling, and disposal of biological hazardous materials. 

ELECTRICAL SAFETY SUBCOMMITTEE 

• May be requested to review electrical and electronic equipment and 
its installation at LBL from the standpoint of personnel and 
equipment safety. 

EMERGENCY PREPAREDNESS SAFETY SUBCOMMITTEE 

• May be requested to review the Emergency Preparedness Program 
and make recommendations regarding emergency preparedness 
matters. Members are normally leadership personnel from emergency 
response groups (e.g., Fire Services and the UCB police). 

FIRE SAFETY SUBCOMMITTEE 

• May be requested to review the interpretation and implementation of 
fire codes, regulations, and policy in research laboratories. The LBL 
Fire Marshal is an ex officio member of the Fire Safety Subcommittee. 
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MECHANICAL SAFETY SUBCOMMITTEE 

• May be requested to review ventilation systems in areas with 
potential safety hazards. 

• May be requested to review the mechanical design, fabrication, 
testing, operation, and emergency procedures of potentially 
hazardous research equipment or unusual and potentially hazardous 
experimental setups (e.g., pressure vessels, cryogenic apparatus, and 
equipment containing flammable gases or liquids). 

RADIATION SAFETY SUBCOMMITTEE 

• May be requested to advise on and assist in identifying and resolving 
LBL radiation safety issues (including radioactive material, radiation 
sources, and accelerator operations). 

• May be requested, by EH&S, to investigate and review identified 
radiation safety problems. 

SEISMIC SAFETY SUBCOMMITTEE 

• May be requested to provide design criteria and guidance for 
structures and special LBL equipment that involve state-of-the-art 
seismic design problems. 

• May provide advice for cases where appropriate code or institutional 
criteria may not directly apply or exist. 

TOXIC CHEMICALS SAFETY SUBCOMMITTEE 

• May be requested to review and recommend procedures for the use, 
accountability, and control of carcinogens and toxic chemicals. 

TOXIC GASES SAFETY SUBCOMMITTEE 

• May be requested to advise on the installation and operation of toxic 
gas systems at LBL. 

TRAFFIC SAFETY SUBCOMMITTEE 

• Reviews moving traffic violations and vehicle accidents and their 
related causes (e.g., road layouts and conditions). 

• Makes recommendations for correcting traffic safety hazards and 
reviews all accidents involving LBL-furnished vehicles on or off site. 

• Serves as the hearing board for drivers involved in vehicle accidents 
or moving traffic violation warnings or citations. 

1-9 GENERAL POLICY AND RESPONSIBILITIES 
Revision 1 



Health & Safety Manual, PUB-3000 

RESPONSIBLE 
PARTIES (cont'cl.) 

FACILITIES DEPARTMENT 

• Is charged with the safe operation and maintenance of LBL's physical 
plant and facilities, including removing from service unsafe facilities 
and equipment maintained by the Facilities Department. 

FACILITIES CONSTRUCTION MANAGERS 

• Instruct, before construction work begins, construction subcontractors 
and their employees to stop work immediately if their activities are 
identified as constituting an imminent danger. 

OFFICE OF ASSESSMENT AND ASSURANCE 

• Develops and manages the LBL Self-Assessment Program. 

• Coordinates certain external audit functions. 

ENGINEERING DIVISION 

• Ensures that all non-Facilities equipment, structures, and engineered 
experimental apparatus, with which Engineering Division personnel 
at LBL are connected, are designed, engineered, and maintained in a 
safe manner and in conformance with all applicable EH&S 
requirements. 

DIVISION DIRECTORS 

• Ensure that self-assessments are carried out and identify safety 
deficiencies. 

• Ensure that LBL' s EH&S policies are implemented and observed 
within the division. 

• Take the initiative to consult with appropriate support organizations 
when safety-related assistance or advice is needed. 

• Ensure that the division's research projects and unique activities are 
evaluated for potential hazards and that safety controls are specified 
and implemented as required by DOE Order 5481.1B, Safety Analysis 
and Review System. 

• Ensure that safety deficiencies identified through inspections are 
corrected in a timely manner. 

• Are responsible for all laboratory space assigned to them. 

• Investigate the circumstances surrounding situations identified as 
imminent dangers. 
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• Arrange for any required remediation and prepare an investigation 
and remedial action report for immediate submission to the Director 
ofEH&S. 

BUILDING MANAGERS 

• Ensure that the required building management functions are staffed 
properly by one or more qualified individuals, and that building 
duties are carried out effectively. 

• Ensure the safety and emergency preparedness of their respective 
buildings. 

• Coordinate construction and maintenance activities. 

• Oversee the space management of their respective buildings. 

• Act as the liaison with visitors and regulatory agencies visiting the 
respective buildings. 

MANAGERS AND SUPERVISORS 

• Ensure that employees and casual and participating visitors are 
properly trained in safety and emergency procedures and are 
provided with a safe and healthy workplace. 

• Ensure that operations under their control meet all EH&S 
requirements. 

When a supervisor (or EH&S staff member, in the absence of the 
supervisor) is notified of an imminent danger, the supervisor must: 

• Stop the work immediately or ascertain that no danger exists. 

• Notify the responsible division office. 

• Ensure that the EH&S Division office is kept informed. 

EMPLOYEES AND CASUAL AND PARTICIPATING VISITORS 

• Must attend the New Employee Safety Orientation (EH&S-10) class 
within a month of being hired. This applies to visitors if, in the 
judgment of the LBL supervisor, the visitor's activities wil~ involve 
entering accelerators or workshops, or exposure to hazards. 

• Must adhere to the performance expectations listed in the section on 
Performance Expectations. 
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DOE ORDERS Appendix G of the contract between DOE and the University of 
California provides that LBL will adhere to the following DOE orders in 
the area of ES&H. Copies of these regulations are available from EH&S. 

• DOE Order 1540.1, Materials Transportation and Traffic Management 

• DOE Order 3792.2, Smoking Regulations 

• DOE Order 5400.1, General Environmental Protection Program 

• DOE Order 5400.2A, Environmental Compliance Issue Coordination 

• DOE Order 5400.3, Hazardous and Mixed Waste Program 

• DOE Order 5400.4, CERCLA Requirements 

• DOE Order 5400.5, Radiation Protection of the Public and the Environment 

• DOE Order 5440.1E, NEPA Compliance Program 

• DOE Order 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

• DOE Order 5480.3, Safety Requirements for the Packaging and 
Transportation of Hazardous Materials 

• DOE Order 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

• DOE Order 5480.7, Fire Protection 

• DOE Order 5480.8, Contractor Occupational Medicine Program 

• DOE Order 5480.9, Construction Safety and Health Program 

• DOE Order 5480.10, Contractor Industrial Hygiene Program 

• DOE Order 5480.11, Radiation Protection for Occupational Workers 

• DOE Order 5480.13, Aviation Safety 

• DOE Order 5480.15, DOE Laboratory Accreditation Program for Personnel 
Dosimetry 

• DOE Order 5480.19, Conduct of Operations Requirements for DOE 
Facilities 

• DOE Order 5480.20, Unreviewed Safety Questions 

• DOE Order 5480.22, Technical Safety Requirements 

• DOE Order 5480.23, Nuclear Safety Analysis Reports 
-

• DOE Order 5481.1B, Safety Analysis and Review System 
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DOE ORDERS (cont'd.) • DOE Order 5482.1B, Environment, Safety, and Health Appraisal Program 

REGULATIONS 

REFERENCES 

Revised 1/94 

• DOE Order 5483.1A, Occupational Safety and Health Program for 
Contractor-Employees at GOCO Facilities 

• DOE Order 5484.1, EH&S Information Reporting Requirements 

• DOE Order 5700.6C, Quality Assurance 

• DOE Order 5820.2A, Radioactive Waste Management 

• DOE Order 1300.3, Policy on the Protection of Human Subjects 

• DOE Order.1540.2, Hazardous Material Packaging for Transport-
Administrative Procedures · 

• DOE Order 5000.3B, Occurrence Reporting and Processing of Operations 
Information 

• DOE Order 5500.1B, Emergency Management System 

• DOE Order 5500.2B, Emergency Categories, Classes and Notification and 
Reporting Requirements 

• DOE Order 5500.3A, Planning and Preparedness for Operational 
Emergencies 

• DOE Order 5500.4, Public Affairs Policy and Planning Requirements for 
Emergencies 

• DOE Order 5500.7B, Emergency Operating Records Protection Program 

• DOE Order 5500.10, Emergency Readiness Assurance Program 

• DOE Order 6430.1A, General Design Criteria 

• Regulations and Procedures Manual (RPM), PUB-201, Rev. 15, Lawrence 
Berkeley Laboratory, July 1993 

• Operating and Assurance Program Plan, PUB-3111, Rev. 4, Lawrence 
Berkeley Laboratory, July 1, 1994 
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APPENDIX 

PROCESS FOR REVISING THE LBL HEALTH & SAFETY 
MANUAL (PUB-3000) 

1. The EH&S group responsible for a chapter requirirtg revision 
originates the revisions as follows: 

- If the revisions amount to a few words or sentences, the author 
handwrites them on a hard copy of the current chapter. 

- If the revisions are extensive, the author supplies the new text as 
an electronic file and as hard copy. 

2. The author signs a PUB-3000 Review and Approval Form and submits 
the revised material-with this form to the group leader for review. 

3. The group leader reviews the revised material. If further changes 
are required, he or she works with the author to achieve the desired 
results. If the material is satisfactory, he or she signs the PUB-3000 
Review and Approval Form. 

4. The group leader submits the revised material and the PUB-3000 
Review and Approval Form to the EH&S PUB-3000 coordinator for 
approval. 

5. The EH&S PUB-3000 coordinator reviews the revised material. If 
further changes are required, he or she works with the group leader 
and author to achieve the desired results. If the material is 
satisfactory, he or she signs the PUB-3000 Review and Approval Form. 

6. The EH&S PUB-3000 coordinator sends the form and the revised 
materials (hard copy and electronic file) to the Technical and 
Electronic Information Department (TEID). 

7. TEID personnel edit and format the revised ~aterials and send a 
copy of the edited, formatted pages t<;> the author for review. 

8. The author reviews the pages and sends them back to TEID 
annotated with any necessary corrections or changes. 

9. TEID personnel incorporate the corrections or changes and produce 
a clean master copy that includes a signature page. 

10. TEID obtains approval of the master copy from the group leader, the 
EH&S PUB-3000 coordinator, and the director of the EH&S Division. 
The group leader and the division director sign the signature page. 
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11. TEID updates the PUB-3000 revision record and prepares a 
transmittal memo explaining to copy holders how to update their 
copy of PUB-3000 (i.e., which pages are to be removed, added, or 
replaced). TEID obtains approval of these documents from the 
director of the EH&S Division. 

12. From its Document Control Database, TEID generates a receipt 
acknowledgement form for each copy holder, pertaining to the 
revised pages. 

13. TEID printers print, collate, and wrap for distribution the requisite 
number of copies of the revised pages, transmittal memo, revision 
record, and receipt acknowledgement form. 

14. The LBL Mail Room distributes these packages to copy holders. 

15. Copy holders return the tear-off portion of the receipt 
acknowledgement form to TEID to indicate that they have received 
the revision. 

16. TEID personnel record the receipt information in the Document 
Control Database. For any receipts not returned, TEID personnel 
follow up to ensure that the packages were received and are 
accounted for. 
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CHAPTER 2 

THE ENVIRONMENTAL HEALTH AND SAFETY DEPARTMENT 

INTRODUCTION 

The Environmental Health and Safety (EH&S) Department reports to the 

Assistant for Health and Safety and to the Associate Director, Engineering 

Division, who has been delegated the authority to develop and administer 

the Laboratory's health and safety program. 

RESPONSIBILITIES 

The EH&S Department 1s assigned the responsibility of providing 

technical guidance and services in the field of health and safety needed 

by the Laboratory's management. To fulfill this objective the EH&S 

Department is required to: 

o Provide the Laboratory Director, the Associate Director of the 
Engineering Division, and management at all levels with the 
information, advice, and assistance needed to formulate the 
Laboratory's health and safety policy, directives, procedures, 
and standards. 

o Assist management at all levels in establishing and maintaining a 
healthful and safe working environment, free from unacceptable 
risks. 

o Monitor operations within the Laboratory and, where appropriat.e, 
at off-site facilities (see Chapter 1) to provide management with 
the information needed to maintain a healthful and safe working 
environment, free from unacceptable risks. 

o Assure that the Laboratory operates within DOE health and safety 
guidelines and in compliance with applicable standards, codes, 
and regulations. 

o Develop and provide general safety education and training 
programs. 

o Assist in the development of specific job safety training 
programs. 
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o Develop plans and train response personnel to control emergency 
situations (radiation, injury, fire, etc.). 

o Provide health and safety support services assigned by the 
Associate Director, Engineering Division. 

o Maintain a staff of specialists or consultants knowledgeable in 
all areas of safety. 

o Prepare and maintain the Laboratory•s Health and Safety Manual 
and other documents that relate to safety. 

o Specify proper protective equipment for issue to employees. 

o Check plans of all Plant Engineering Department projects for 
construction safety, fire protection, industrial safety, and 
other safety reviews as required by DOE and LBL regulations. 

o Stop hazardous operations where 1 ife hazard or major property 
damage is imminent and follow with documented evidence. (See 
Appendix B of Chapter 1.) 

To carry out its responsibilities, the EH&S Department maintains a 

staff of specialists in the appropriate environmental health and safety 

disciplines. These disciplines include: 

o Construction Safety 

o Engineering Services 

o Environmental Surveillance 

o Industrial Hygiene 

o Laser Safety 

o Mechanical Safety 

o Nondestructive Testing 

o Occupational Safety 

o Radiation Safety 
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o Safety Training and Education 

o Seismic Safety 

In addition to this group of specialists, the department utilizes 

the services of consultants in the fields of electrical and seismic 

safety. 

ADMINISTRATIVE ORGANIZATION OF THE ENVIRONMENTAL 

HEALTH AND SAFETY DEPARTMENT 

The EH&S Department is divided into four groups: 

1. Operations 

2. Health Physics 

3. Engineering Services/Occupational Safety 

4. Industrial Hygiene 

While there is close cooperation among the four groups, the 

definitive responsiblities and duties of each are as follows: 

1. Operations Group 

This group deals with the day-to-day safety operations of the 

Laboratory. It works through the following groups: 

o Safety Representatives help in the planning or preparation of 

radiological or hazardous experiments and analysis of difficult 

safety problems. They provide radiological surveillance of 

experiments for surface and airborne contamination and penetra

ting radiation; radiological training; protective equipment and 

other safety-related equipment for radiological or hazardous 
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operations; maintenance of radiation monitoring devices; evalu

ation of ventilation and air cleaning equipment; and radioactive 

source inventory. 

o Decontamination and Waste Disposal Section provides services to 

decontaminate special research equipment; assistance with clean

up of radioactive or hazardous chemical spills; collection and 

disposal of radioactive materials and hazardous chemicals. 

o Transportation Section provides services for the receival and 

shipment of radioisotopes and consultation on the regulations 

concerning transportation of hazardous chemicals. 

2. Health Physics Group 

This group is composed of the following sections: 

o Radiation Health Physics 

o Environmental Monitoring 

o X-Ray Safety 

o Personal Dosimetry 

Other aspects of health physics are performed by the Operations 

Group of the EH&S Department. 

The Radiation Physics Section is primarily concerned with the radia

tion safety aspects of accelerators. The areas of immediate concern are 

the following: 

o Radiation intensity in occupied areas 

o Adequacy of radiation safety interlock systems 

o Access control to radiation areas 

o Proper sign and warning systems 

o Review and approval of facility Operational Safety Procedure 
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In addition, the Radiation Physics Section performs the following 

functions: 

o Experimental beam line safety analysis 

o Shielding calculations for proposed new accelerators 

o Radiation damage studies 

o Development of measurement instruments and techniques 

o Experimental source term measurements 

o Neutron energy spectral measurements 

The Environmental Monitoring Section conducts surveillance and 

analysis of radioactive contaminants in air, rain and surface water, and 

stack exhaust. These data, together with data gathered from radiation 

detectors positioned within and along the Laboratory boundary, are 

analyzed on a regular basis to assess the effectiveness of the Labora

tory's radiation safety program and to assure compliance with appropriate 

DOE guidelines. 

The X-Ray Safety Section evaluates the use of x-ray equipment at LBL 

as to compliance with the requirements referred to in Chapter 21 of this 

manual. This 1s accomplished by periodic radiation surveys, physical 

inspection of x-ray facilities and logbooks, approval of Operational 

Safety Procedures, and the receipt of Certification of Training docu

ments. This Section also advises on matters of instrument selection, 

measurement techniques, and safety apparatus design (interlocks, bar

riers, monitors, etc.). This Section files and distributes all documen

tation generated by the above operations. 

The Personal Dosimetry Section is responsible for issuing, evaluat

ing, and recording monthly gamma and neutron dosimeters. Dosimeters are 
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issued to those individuals who have been advised by their division 

leaders that their job functions require wearing dosimeters. 

3. Engineering Services/Occupational Safety Group 

The primary concern of this group is the general safety of the 

Laboratory. Its responsibilities include: 

Occupational Safety 

Investigation, statistical analysis, and review of personal 
injury, property damage, and vehicle accident reports. 

Recommendation of protective clothing and equipment for eyes, 
head, feet, and hands to prevent traumatic injury. 

Assurance of proper protective devices installed on electrical 
circuits and equipment. 

Evaluation of material-handling and storage facilities, such as 
manual and mechanical handling devices, slings, ropes, chains, 
and hooks. 

Review of design, layout, and code compliance of new or modi
fied facilities and buildings and follow-up inspections of con
struction sites, interfacing with Plant Engineering Department. 

Assurance of proper use and care of ladders, ramps, elevated 
walks, and work platforms. 

Review of traffic safety, such as traffic signs and markings, 
traffic patterns, and layout planning. 

Determination of qualified operators of special vehicles and 
equipment. 

Mechanical Safety 

Review/design/inspection of hazardous equipment. 

Interface with the Mechanical Safety Subcommittee on hazardous 
equipment (pressure vessels, cryogens, hydrogen systems, etc.). 

Ensure vehicle safety (design, consultation). 

Ensure adherence to mechanical design codes, standards, and 
procedures. 
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Provide nondestructive testing services. 

Review systems analysis and human factors relating to hazardous 
equipment. 

Seismic Safety 

Design anchoring or restraining devices. 

Provide inspections and consultations. 

Interface with Plant Engineering Department. 

4. Industrial Hygiene Group 

The function of this group is to recognize, evaluate, and recommend 

control for occupational health hazards. It is responsible for providing 

the following services: 

o Toxicology of occupational chemical hazards 

o Control of nonionizing electromagnetic spectrum hazards, such as 
lasers, ultraviolet, infrared, and microwave-radio-frequency 
radiation 

o Evaluation of ventilation for comfort, dilution, and local exhaust 

o Air quality control, environmental concerns 

o Noise and sound analysis 

o Illumination evaluation 

o Environmental sanitation, such as food, water, and vector and 
pest control 

o Measurement of physiological stresses, such as temperature 
extremes 

o Provision of protective equipment, such as respiratory, hearing, 
and special eye protection 

o Control of biohazards 

o Laser safety 
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FACILITIES MAINTAINED BY THE ENVIRONMENTAL HEALTH AND SAFETY DEPARTMENT 

o Environmental Monitoring--the laboratory, office, and data 

collection instrumentation are located in Building 75. The 

counting room to evaluate samples for radioisotopes is located 

in Building 76. 

o Decontamination and Waste Disposal--is located in Building 75 

for the decontamination of radioactive or chemically 

contaminated equipment, or for the disposal of radioactive or 

other hazardous waste. 

o Laser Safety Office--is located in Building 26, Room 34. 

o Library--is located in Building B75B, Room 110 and contains 

copies of codes, standards, safety manuals, and reports that 

regulate the Laboratory's safety program. It also contains 

copies of texts and reports in the general area of health and 

safety. 

o Industrial Hygiene Group--is located 1n the basement floor of 

Building 26. 

o The radiation source calibration range is located in Building 

75C. 

o Safety Shoes--is available monthly from a mobile sales van. 

o Safety Glass Clinic--is operated by the Medical Services 

Department, located in Building 26. 

2-8 

, } 



s: 
m 
0 
(') 
)> 
r-
0 
m 
-a 
-i 



CHAPTER 3 

The Medical Services Department 

POLICY 

SYNOPSIS 

FACILITY 

STAFF • 

HEALTH EXAMINATIONS 
Introduction 
Preplacement Examination 
Periodic Examinations 
Termination Examinations 
Special Examinations 
Follow-up 
Medical Records 
Work Restrictions 
Pregnancy 

SPECIAL PROGRAMS 

CONTENTS 

Employee Assistance Program (EAP) 
Safety Glasses 
Immunizations 

EMERGENCIES AND FIRST AID 
Occupational Injury or Illness 
Nonoccupational Injuries and Illnesses 

TRANSPORTATION OF SICK OR INJURED PERSONNEL . 

RADIATION INCIDENTS--EXPOSURE AND CONTAMINATION • 

APPENDIX A, PRIVACY NOTICE. 
------------~--------

3-i 

3-1 

3-1 

3-2 

3-2 

3-3 
3-3 
3-4 
3-4 
3-4 
3-4 
3-5 
3-5 
3-6 
3-6 

3-6 
3-6 
3-6 
3-7 

3-7 
3-7 
3-8 

3-9 

3-9 

3-Al 



CHAPTER 3 

THE MEDICAL SERVICES DEPARTMENT 

POLICY 

The objectives of the Medical Services Department are: 

o To ensure that employees are assigned duties they are physically 
able to perform. 

o To provide medical care and rehabilitation of the occupationally 
ill or injured. 

o To provide emergency treatment of serious illnesses or injuries. 

o To encourage employees to maintain their physical and mental 
health. 

o To assist 1n maintaining a healthful and safe work environment. 

SYNOPSIS 

A program of occupational health has been conducted at LBL for the 

past 30 years with special emphasis on problems relevant to the Labora-

tory's research activities. Preplacement, periodic, special, and termi-

nation examinations are conducted and emergency services are provided. 

Decontamination facilities and radiological accident preparedness are 

maintained. Potential occupational exposures to hazardous situations or 

agents are investigated on a continuing basis in cooperation with Indus-

trial Hygiene, Occupational Safety, and other groups in the Environmental 

Health and Safety (EH&S) Department. Diagnosis and treatment of nonoccu-

pational illness or injury are limited to minor first aid, emergencies, 

and special situations for which treatment is in the best interest of the: 

Laboratory and the patient. The Employee Assistance Program offers 
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counseling for employees to aid in resolving work-related or personal 

problems. 

FACILITY 

The facility consists of Building 26 with space for Medical Services, 

Bioassay Laboratory, Employee Assistance Program, and Industrial Hygiene. 

The Medical Services area includes a first aid room, clerical and filing 

space, examination rooms, offices, x-ray and dark room, laboratories, 

two-bed holding ward, decontamination room, clinical laboratory, and an 

area for fitting and dispensing safety glasses, examining the eyes of 

laser users and performing refractions. 

STAFF 

The Occupational Health Program is under the leadership of two 

Laboratory physicians, both available to respond to medical emergencies. 

The department is managed by the physician-in-charge assisted by the 

department administrator. The clerical staff oversees scheduling and 

medical data filing. Nurses are on duty from 7:30 a.m. until 5:00 p.m. 

First aid is available from the Fire Department at night. All of the 

nurses are registered and are licensed in x-ray technology. The clinical 

laboratory is staffed by licensed medical technologists. Physical exami

nations are done by contract physicians and Laboratory physicians. The 

contract physicians internists, ophthalmologist, radiologist--and 

optometrist are all 1n private practice and are not employees of the 

Laboratory. The Bioassay Laboratory is headed by a biophysicist. The 
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EAP is conducted by an expert in human resource management. Consultants 

to the EAP include psychiatrists, psychologists, and other sources of aid. 

HEALTH EXAMINATIONS 

Introduction 

A complete medical examination is required of all new employees and 

those temporary employees hired for periods exceeding 3 months. Periodic 

examinations are offered at intervals and at termination of employment 

(see PUB-201, Regulations and Procedures Manual (RPM), Section 1.13 and 

2.01, F, 3). Frequency and content of examinations are established by 

Medical Services based upon DOE guidelines (DOE Manual Chapter 5480.1, 

Chapter VIII). 

The complete examination may include some or all of the following: 

o Family and personal medical history (see Appendix A) 

o Physical examination 

o Vision tests by Besserman 800 Vision Tester or Snellen eye chart 

o Hearing tests (audiometer in the frequency range 500 to 8,000 
hertz) 

o Measurement of pulmonary function 

o Electrocardiograms on employees 40 years of age or older, fire
fighters, Protective Services officers, and on other employees 
when indicated. 

o Tonometry (test for glaucoma) on employees 40 years of age or 
older 

o Chest x-ray or tuberculin test upon request of the examining 
physician 

o Complete blood count 

o Blood chemistries 
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o Urinalysis 

o Special ~rocedures 

Preplacement Examination 

The purpose of this examination is to ascertain whether the physical 

and mental fitness of the prospective employee is adequate for the 

requirements of the specific position under consideration. The examina-

tion consists of all applicable procedures listed above. 

Periodic Examinations 

Employees are offered complete physical examinations every two years 

through age 44. In the interim year a complete blood count and urinalysis 

are done. Employees 45 years of age and older are offered complete exam-

inations yearly. Notification is initiated by a telephone call or letter 

to employees, and an attempt is made to schedule at a time convenient to 

the employee. 

Termination Examinations 

Upon termination of employment, adjustments are made regarding what 

procedures need be carried out, depending upon how recently an individual 

may have had a periodic examination. This policy also applies to re-

employment. A termination questionnaire is provided regarding occupa-

tional injuries. 

Special Examinations 

1. Return to work following nonoccupational illness or injury: An 
employee who has been ill and absent from work for five consec
utive days should report to Medical Services before returning 
to duty (see RPM, Section 2.09, D, 11.). Medical Services 
determines whether the employee is medically ready to return to 
work. In some instances a release to return to work from an 
employee's private physician may be required (e.g., following 
surgery). 
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2. Return to work following occupational illness or injury: An 
employee who has such an illness or injury resulting in one 
full day or more lost time must report to Medical Services
where it is determined whether the employee is medically able 
to resume work. 

3. Laser Users: Employees using lasers are examined by an 
optometrist before starting such work, periodically thereafter, 
and when laser use is discontinued. Medical Services is given 
the name of the laser users by the Laser Safety Officer of the 
EH&S Department. 

4. Bioassay Program: All employees working with radioisotopes are 
requested to submit urine samples annually for radiochemical 
analysis by the Bioassay Laboratory. Such routine analysis 
consists of a survey for gross alpha and gross beta activity 
and gamma spectroscopy. In the case of potential exposure to 
nuclides which are not identified by these procedures--e.g., 
radium, uranium, and carbon-14--special methods for identifica
tion are used. The Laboratory also has the capability of 
identifying radioactive strontium, phosphorus, and rare-earth 
elements. The same methods are applicable to radiochemical 
analysis of fecal samples. The bioassay program is coordinated 
with a routine whole-body counting program for selected em
ployees, which is done at Donner Laboratory. This program 
supplements the personal monitoring program (see The Personnel 
Dosimetry Section in Chapter 21). 

Follow-Up 

An active program of follow-up on all positive findings is carried 

out by the Laboratory physicians via letters, telephone calls, or visits 

with employees. Results of examinations may be forwarded to an employee 

or his/her personal physician upon written request by the employee. 

Medical Records 

Complete medical records are maintained on each employee from the 

time of the first examination. These records are protected as confiden-

tial information and rema1n 1n the custody and control of Medical Depart-

ment personnel. Information from an employee's health record may be 
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disclosed only with the employee's written consent, or as required by 

law. These records are retained indefinitely. 

Work Restrictions 

Restrictions may be placed on an employee's work pursuant to 

physical examination, occupational or nonoccupational illness, or injury. 

Pregnancy 

As soon as an employee learns that she is pregnant, she is required 

to inform Medical Services of the expected date of childbirth (see RPM, 

Section 2.09, D, 3). A physician will discuss her work environment with 

her and will determine whether or not any change in the environment 

should be made to ensure her good health and that of her baby. All new 

employees are given a copy of the booklet, "Pregnancy and Radiation." 

SPECIAL PROGRAMS 

Employee Assistance Program (EAP) 

The EAP offers confidential assistance in resolving personal 

problems such as alcoholism, drug abuse, emotional disturbances, legal, 

marital, or financial difficulties. Employees may seek this assistance 

or be referred by supervisors. The EAP program coordinator investigates 

the causes of such problems and, when necessary, refers employees for 

appropriate consultation within the Bay Area community. (See RPM, 

Section 1.13 and 2.05 F.) 

Safety Glasses 

Appointments with an optometrist to fit safety glasses are available 

weekly at Medical Services. They are supplied free of charge to employees 
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needing this protection. Employees may bring a recent prescription, or 

have a refraction here for a nominal cost. 

Immunizations 

Employees needing immunizations for travel may have them at Medical 

Services. In special instances where a communicable disease is imminent, 

immunization is offered to the Laboratory population. Tetanus toxoid is 

routinely administered to laborers and animal handlers. 

EMERGENCIES AND FIRST AID 

Medical Services diagnoses and treats occupational injury or illness. 

Treatment is coordinated with the provisions and requirements of Workers' 

Compensation laws. Every injury sustained while performing LBL assigned 

tasks, no matter how minor, must be reported to the employee's supervisor 

and to Medical Services (see RPM, Section 9.08, 9, and 2.14, A, 3). If 

an employee goes to a private off-site doctor about a job-incurred injury 

or illness, the physician consulted should be informed that the injury or 

illness is industrial. It is the employee's responsibility to notify 

Medical Services and his/her supervisor of the injury or illness and the 

treatment received. 

Occupational Injury or Illness 

An occupational injury or illness is one which results from a work 

accident or from an exposure involving an incident in the work environ

ment. In most cases the Laboratory physician will receive the patient in 

Building 26 and administer appropriate aid before the patient is referred 

to his private ~ysician, a selected specialist, or a hospital emergency 
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room. Standard procedures for ingestion of poisons, eye injuries, burns, 

cardiac arrest, coma, etc., are followed. In the event that a patient 

cannot be moved from the site of the injury, primary aid will be rendered 

by a Laboratory physician, nurse, or Emergency Medical Technician. A 

Laboratory physician should be notified of any major accident that occurs 

at any time at the Laboratory. When the Laboratory physician has been 

notified, he/she will take the responsibility for appropriate notifica

tion of family, relatives, and the Director's Office. In the event of an 

occupational injury or illness that requires care by a specialist, the 

patient is referred to his/her personal physician or a physician selected 

from a panel of locally practicing specialists. 

l>ledical Services is prepared to provide definitive treatment for 

minor occupational injuries or illnesses and rehabilitation where appro

priate. Diagnosis and treatment such as suturing, splinting, dressing, 

and analgesia are given routinely when appropriate by the physicians and 

registered nurses on site. 

Nonoccupational Injuries and Illnesses 

Minor injuries and illnesses not associated with work frequently are 

treated by the physician or nurse on duty. Patients who present them

selves with more severe or chronic health problems are consulted with and 

referred to their personal physician or transported, if necessary by 

Laboratory ambulance, to nearby hospitals for emergency care. No injured 

or ill persons, regardless of employment status, are denied first aid or 

referral to medical resources in the community. 

3-8 

• 



TRANSPORTATION OF SICK OR INJURED PERSONNEL 

Employees who are injured significantly or become seriously ill at 

work are transported to Medical Services in the ambulance operated by 

Fire Department, except when other transportation is specifically 

approved by Medical Services. If necessary, the ambulance is used to 

transport patients to nearby hospitals or clinics. 

RADIATION INCIDENTS--EXPOSURE AND CONTAMINATION 

The Laboratory physicians and Bioassay Laboratory personnel are 

advised by the EH&S Department regarding known personal exposure to radi

ation. The procedure and urgency of notification and subsequent action 

by the Laboratory physician vary in detail depending on the particulars 

of the exposure or spill. Usually, in the event of contamination by 

radioactive isotopes or possible activation by high-energy beam, the 

employee(s) will receive a whole-body count and bioassay of excreta, if 

indicated. Dose estimates are the joint responsibility of EH&S and Medi

cal Services Departments. Medical Services is prepared to assist in 

decontamination of personnel when necessary--especially of contaminated 

wounds. The Laboratory has written mutual aid agreements with local 

hospitals to admit and care for contaminated injured personnel. 
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APPENDIX A 

PRIVACY NOTICE 

The State of California Information Practices Act of 1977 (effective 

July 1, 1978) requires the Laboratory to provide the information below to 

individuals who are asked to complete medical history forms or otherwise 

supply personal information about themselves. 

The information on this form is requested for purposes of maintain-

ing a complete medical record on each LBL employee as part of the Occupa-

tional Medical Program of the Medical Services Department, as mandated by 

the U.S. Department of Energy (see DOE Manual Chapter 5480.1, Chapter 

VIII). 

Furnishing the requested information is voluntary but failure to 

provide such information on preemployment examination may delay or even 

prevent medical approval for employment. Supplying information on subse-

quent examinations is in the best interest of the employee and is intended 

to aid in protecting the health of LBL employees. All information in 

employee medical records is available only to Medical Services staff. 

Information from medical records cannot be disseminated outside Medical 

Services without the written consent of the employee except as required 

by law; however, the information may be used as a basis for recommenda-

tions by Medical Services to various Laboratory and University depart-

ments in miscellaneous personnel matters such as, but not limited to, 

consideration for employment, transfer, work assignment, and eligibility 

for benefits. 

Individuals have the right to review their own records in accordance 

with Laboratory and University policies. Information on these policies 

may be obtained from the Personnel Department. 
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The official responsible for maintaining the information requested 

on this form is the Department Head, Medical Services. 
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CHAPTER 4 

BIOLOGICAL HAZARDS 

The term biological hazard or biohazard is taken to mean any viable 

infectious agent (etiologic agent) which presents a risk, or a potential 

risk, to the well being of humans. 

CLASSIFICATION OF ETIOLOGIC AGENTS 

The U.S. Department of Health and Human Services, Public Health 

Services, "Classification of Etiologic Agents on the Basis of Hazard," 

is the classification system used for etiologic agents. 

GENERAL CONTROLS 

Only authorized employees, participating guests, students, and visi

tors are permitted to enter infectious disease laboratories or utility 

rooms and attics serving these laboratories. 

Food, candy, gum, or beverages for human consumption will not be 

taken into infectious disease laboratories. 

Smoking is not permitted 1n any area in which work on infectious or 

toxic substances is in progress. Employees who have been working with 

infectious materials will thoroughly wash and disinfect their hands before 

smoking or eating. 

Keep all surplus materials and equipment out of these rooms. 

Drinking fountains must be the sole source of water for drinking by 

human occupants. 

According to the level of risk, the wearing of laboratory or pro

tective clothing may be required for persons entering infectious disease 
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laboratories. Likewise, showers with a germicidal soap may be required 

before exit. 

Diagnostic serum specimens carrying a risk of serum hepatitis must 

be handled with rubber gloves. 

Contaminated laboratory clothing will not be worn in clean areas or 

outside the building. 

Develop the habit of keeping your hands away from your mouth, nose, 

eyes, and face. This habit may prevent self inoculation. 

Individuals will not work alone on any hazardous operation. 

LABORATORY OPERATIONS 

Broth cultures must be taken in a manner that avoids wetting the 

plug or cap. 

Before centrifuging, inspect tubes for cracks, inspect the inside of 

the trunnion cup for rough walls caused by erosion or adhering matter, 

and carefully remove bits of glass from the rubber cushion. A germicidal 

solution added between the tube and trunnion cup not only disinfects the 

outer surface of both, it also provides an excellent cushion against 

shocks that might otherwise break the tube. 

Avoid decanting centrifuge tubes. If you must do so, wipe off the 

outer r1m with a disinfectant; otherwise, the infectious fluid will spin 

off as an aerosol. Avoid filling the tube to the point that the rim ever 

becomes wet with culture. 

Water baths and Warburg baths used to inactivate, incubate, or test 

infectious substances must contain disinfectant. For cold water baths, 

70% propylene glycol is recommended. ,, 
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When the building vacuum line is used, suitable traps or filters 

must be interposed to ensure that pathogens do not enter the fixed system. 

Deep freeze and dry ice chests and refrigerators will be checked and 

cleaned periodically to remove any broken ampules, tubes, etc., contain

ing infectious material. Use rubber gloves and respiratory protection 

during this cleaning. All infectious or toxic material stored in refrig

erators or deepfreezes will be properly labeled. 

Ensure that all virulent fluid cultures or viable powdered infec

tious materials in glass vessels are transported, incubated, and stored 

in easily handled, nonbreakable, leakproof containers that are large 

enough to contain all the fluid or powder in case of leakage or break

age of the glass vessel. 

All inoculated Petri plates or other inoculated solid media must be 

transported and incubated in leakproof pans or other leakproof containers. 

Care must be exercised in the use of membrane filters to obtain 

sterile filtrates of infectious materials. Because of the fragility of 

the membrane and other factors, such filtrates cannot be handled as 

noninfectious until culture or other tests have proved their sterility. 

DISINFECTION AND STERILIZATION 

All infectious or toxic materials, equipment, or apparatus will be 

autoclaved or otherwise sterilized before being washed or disposed of. 

Each individual working with infectious material is responsible for its 

sterilization before disposal. 

To minimize hazard to firefighters or emergency response personnel, 

at the close of each work day all infectious or toxic material will be: 
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(1) placed in the refrigerator, (2) placed in the incubator, or· (3) auto

claved or otherwise sterilized before the building is closed. Infectious 

or toxic materials will not be placed in autoclaves overnight in antici

pation of autoclaving the next day. 

Autoclaves must be checked for operating efficiency by the frequent 

use of Diack, or equivalent, controls. 

All laboratory rooms containing infectious or toxic substances must 

have designated separate areas or containers labeled: INFECTIOUS -- TO 

BE AUTOCLAVED or NOT INFECTIOUS -- TO BE CLEANED. All infectious disease 

work areas, including cabinets, must be prominently marked with the 

Biohazards Warning Symbol. 

Floors, laboratory benches, and other surfaces in buildings in which 

infectious substances are handled will be disinfected with a suitable 

germicide as often as deemed necessary by the supervisors. After com

pletion of operations involving planting, pipetting, centrifuging, and 

similar procedures with infectious agents, the surroundings must be 

disinfected. 

Floor drains throughout the building will be flooded with water or 

disinfectant at least once each week in order to fill traps and prevent 

backing up of sewer gases. New construction plans will omit floor drains 

wherever possible. 

Water used to mop floors must contain a disinfectant. Elimination 

of sweeping·through use· of vacuum cleaners equipped with high-efficiency 

filters or wet mopping is highly desirable. 

Stock solutions of suitable disinfectants will be maintained 1n each 

laboratory. 
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All laboratories will be sprayed with insecticides as often as 

necessary to control flies and other insects. Protection against vermin 

at all exterior building openings must be given close attention. 

Infectious substances will not be dumped in the building drainage 

system without prior sterilization. 

Mechanical garbage disposal units will not be installed for use in 

disposing of contaminating wastes. These units release considerable 

amounts of aerosol. 

BIOLOGICAL SAFETY CABINETS AND SIMILAR DEVICES 

A ventilated safety cabinet will be used for all procedures with 

infectious substances such as opening of test tubes, flasks, and bottles; 

using pipettes; making dilutions; inoculating; necropsying animals; 

grinding; blending; opening lyophile tubes; operating a sonic vibrator; 

operating a standard table model centrifuge, etc. 

A safety box or safety shaker tray will be used to house or 

safeguard all containers of infectious substances on shaking machines. 

A safety centrifuge cabinet or safety centrifuge cup will be used to 

house or safeguard all centrifuging of infectious substances. When 

centrifuging is done in a ventilated cabinet, the glove panel must be in 

place with the glove ports covered. A centrifuge in operation creates 

reverse air currents that may cause escape of agent from an open cabinet. 

A respirator will be worn when changing a glove or gloves a'ttached 

to a cabinet if an infectious aerosol may possibly·be present in the 

cabinet. 
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PIPETTES 

Infectious or toxic materials must not be pipetted by mouth. 

Infectious mixtures must not be prepared by bubbling expiratory air 

through a liquid with a pipette. 

Infectious material will not be blown out of pipettes. 

Pipettes used for the pipetting of infectious or toxic materials 

must be plugged with cotton. 

Contaminated pipettes will be placed horizontally in a pan contain

ing enough suitable disinfectant to allow complete immersion. They must 

not be placed vertically in a cylinder. The pan and pipettes must be 

autoclaved as a unit and replaced by a clean pan with fresh disinfectant. 

Infectious material will not be mixed by pipetting. 

SYRINGES 

Use only syringes of the Luer-Lok type with infectious materials. 

Use an alcohol-soaked pledget around the stopper and needle when 

removing a syringe and needle from a rubber-stoppered vacc~ne bottle. 

Expel excess fluid and bubbles from a syringe vertically into a 

cotton pledget soaked with disinfectant or into a small bottle of cotton. 

Before and after injection of an animal, swab the site of injection 

with a disinfectant. 

Syringes to be disposed of will be destroyed using a DESTRUCLIP 

cutting device (LBL stock #6515-62992) followed by disposal in the 

appropriate waste container. 
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RECOMBINANT DNA 

No experimentation with recombinant DNA will be allowed without the 

expressed approval of the Environmental Health & Safety Department and 

the Campus Biohazard Committee. 

ANIMAL HANDLING 

Experimentation of biohazardous material with animals must meet the 

strict guidelines set forth in the Animal Welfare Act of 1970. The 

implementing rules and regulations appear in the Code of Federal Regula

tions, Title 9. Approval from the LBL Animal Welfare Committee is also 

required. 
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CHAPTER 5 

CHEMICAL SAFETY 

OVERVIEW 

The objective of this chapter is to provide guidance to all LBL 

employees and participating guests who use hazardous chemicals so that 

they may perform their work safely. Many of these materials are specif

ically explosive, corrosive, flammable, or toxic; they may have properties 

that combine these hazards. Many chemicals are relatively nonhazardous by 

themselves but become dangerous when they interact with other substances, 

either in planned experiments or by accidental contact. 

To avoid injury and/or property damage, persons who handle chemicals 

Ln any area of the Laboratory must understand the hazardous properties of 

the chemicals with which they will be working. Before using a specific 

chemical safe handling methods must always be reviewed. Supervisors are 

responsible for ensuring that the equipment needed to work safely with 

chemicals is provided. The cost of providing such equipment is borne by 

the Laboratory through the programs. 

PLANNING WORK WITH CHEMICALS 

Each task that requires the use of chemicals must be evaluated to de

termine the potential hazards associated with the work. This hazard eval

uation must include the chemical or combination of chemicals that will be 

used in the work, as well as other materials that will be used in the vi

cinity of the work. If a malfunctiotJ. during_ the operation has the poten

tial to cause serious injury or property damage, an Operational Safety 
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Procedure (OSP) must be prepared and followed. For information on the 

requirements for the preparation of an OSP, see Chapter 1, Appendix B. 

Operations must be planned to minimize the generation of hazardous wastes. 

Additionally, unused chemicals should be recycled as much as feasible. 

RESPONSIBILITIES 

Supervisors are responsible for establishing safe procedures and for 

assuring that the protective equipment needed to work with the chemicals 

is available. Supervisors must instruct their workers about the possible 

hazards, the safety precautions that must be observed, the possible con

sequences of an accident, and the procedures to follow if an accident 

does occur. The supervisor is required to enforce the proper use of pro

tective equipment and the established safety practices. 

It is the responsibility of employees and all who use Laboratory 

facilities to understand the properties of the chemicals with which they 

will work and to follow all precautions which apply to each specific task. 

When faced with an unexpected threat of malfunction, injury, or damage, 

employees are expected to choose a course of action that provides the 

most protection to themselves and to others in the area. Every employee 

is expected to report to the supervisor any unsafe condition seen in the 

area which would not permit him/her to work safely. 

The Environmental Health and Safety (EH&S) Department assists 

employees and supervisors to work safely by providing information on the 

hazardous properties of materials, recommending methods for controlling 

the hazards of specific operations, and by monitoring the work 

environment. 
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TRAINING 

Supervisors must instruct their personnel about the potential 

hazards involved in the work, the proper safety precautions to follow, 

and the emergency procedures to use if an accident should occur. To 

supplement the supervisor's training, the EH&S Department offers training 

courses ~n first aid, cardiopulmonary resuscitation, fire extinguishers, 

respirator use, chemical safety, and chemical carcinogens. In addition, 

material safety data sheets and specific information, including hazards, 

health effects, potential routes of exposure, proper handling 

precautions, and emergency procedures on selected chemicals, are 

available through the Industrial Hygiene Group, EXT. 5829. 

HAZARDOUS MATERIALS AND PREGNANCY 

Both men and women may be exposed to hazardous agents that can cause 

infertility or result in genetic damage which is passed on to the off

spring. These agents include ionizing radiation, alcohol, cigarette 

smoke, pharmaceuticals, and some of the thousands of different chemicals 

that are used in the home or workplace. Although many of these have been 

tested to determine whether they cause acute (immediate) effects on the 

body, few have been studied to see if they cause cancer (carcinogens), 

birth defects (teratogens), or genetic defects (mutagens). Even fewer 

have been studied to see if they can cause infertility, menstrual dis

orders, or other disorders relating to reproduction. 



The main way for hazardous substances to reach an unborn child is 

through the placenta. Scientists now believe that most chemical sub

stances or drugs can cross this ''barrier" with varying degrees of ease 

and enter the system of the developing fetus. Thus, many chemicals and 

drugs that enter a pregnant woman's body (through breathing, swallowing, 

absorption through the skin, etc.) will eventually enter the mother's 

blood circulation and find their way into the unborn child. 

In general the important questions of exactly how much of the toxic 

substance that enters the mother's body will reach the fetus or what 

concentration the fetus can tolerate without harmful effects are not yet 

answered. 

The fetus may be most vulnerable in the early weeks of pregnancy but 

1s also at risk later in pregnancy. In light of the potential harm of 

workplace exposures to both the pregnant woman and her developing fetus, 

it is very important and required by Laboratory policy for the woman to 

inform the Medical Services Department of her pregnancy as soon as possi

ble, so that any necessary steps to avoid potential exposure problems can 

be taken. 

ALLOWABLE AIRBORNE CONCENTRATIONS 

Exposures by inhalation of airborne contaminants (gases, vapors, 

fumes, dusts, and mists) must not exceed the levels listed in the latest 

edition of Threshold Limit Values of Airborne Contaminants (TLV) published 

by the American Conference of Governmental Industrial Hygienists. These 

levels refer to airborne concentrations of substances and represent con-
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ditions under which it is believed that workers may be repeatedly exposed 

without adverse effect. 

In all cases of potentially harmful exposure, feasibility engineer

ing or administrative controls must first be established. In cases where 

respiratory protective equipment, alone or with other control measures, 

is required to protect the employee, the protective equipment must be 

approved by the Industrial Hygiene Group, EH&S Department, for each spe

cific use. 
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GENERAL RECOMMENDATIONS 

SAFETY PRECAUTIONS 

The number of hazardous chemicals and the number of reactions between 

them is so large that previous knowledge of all potential hazards cannot 

be assumed. Therefore, when the chemical properties of a material are 

not fully known, it should be assumed hazardous and used in as small 

quantities as possible to minimize exposure and thus reduce the magnitude 

of unexpected events. 

The following general safety precautions should be observed when 

working with chemicals: 

o Keep the work area clean and orderly. 

o Use the necessary safety equipment. 

o Carefully·label every container with the identity of its 

contents and appropriate hazard warnings. 

o Store incompatible chemicals in separate areas. 

o Substitute less toxic materials whenever possible. 

o Limit the volume of volatile or flammable material to the 

m1n1mum needed for short operation periods. 

o Provide means of containing the material if equipment or 

containers should break or spill their contents. 

o Follow the requirements of Chapter 20, Pressure Safety, in this 

manual, if systems that can generate pressure or are operated 

under pressure are involved. 

o Provide a back-up method of shutting off power to a heat source 

if any hazard is involved. 

o Obtain and read the material safety data sheet. 
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PERSONAL PROTECTIVE EQUIPMENT 

Refer to Chapter 19 of this manual. 

SAFETY EQUIPMENT 

Eyewash fountains are required if the substance in use presents an 

eye hazard. The eyewash fountain must provide a soft stream or spray of 

aerated water. 

Safety showers must be provided, in areas where a corrosive chemical 

or rapid fire hazard exists, for immediate first aid treatment of chemical 

splashes and for extinguishing clothing fires. The shower must be capable 

of drenching the victim immediately in the event of an emergency. 

Eyewash fountains and safety showers should be located close to each 

other so that, if necessary, the eyes can be washed while the body is 

showered. Access to these facilities must remain open at all times. In 

case of accident, flush the affected part for at least 15 minutes. Report 

the accident to the Medical Services Department immediately. 

A special first aid treatment kit for fluorine and hydrofluoric acid 

burns is prepared by the Medical Services Department. The kit is obtained 

by contacting the Industrial Hygiene Group, EXT. 5829. 

Safety shields must be used for protection against possible 

explosions or splash hazards. Laboratory equipment must be shielded on 

all sides so that there is no line-of-sight exposure of personnel. The 

sash on a chemical fume hood is a readily available built-in shield. 

However, a portable shield must also be used, particularly with hoods 

that have vertical-rising sashes rather than horizontal-sliding sashes. 
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CHEMICAL LABELING 

All containers (including lab glassware, safety cans, plastic squeeze 

bottles) must have labels which identify their chemical contents. Labels 

should also contain information on the hazards associated with the use of 

the chemical. Precautionary labels are available from LBL stock (Section 

4280) for most of the common chemicals. 

STORAGE OF CHEMICALS 

The separation of chemicals during storage is necessary to reduce 

the possibility of unwanted chemical reactions if they should mix acci

dently. Use either distance or barriers (i.e., trays) to isolate chemi

cals into the following groups: 

o Flammable liquids (examples--acetone, benzene, ethers, alcohols, 

etc.): place in approved fire lockers. 

o Acids (examples--nitric, sulfuric, hydrochloric, perchloric, 

etc.): treat acetic acid as a "flammable" liquid. 

o Bases (examples--sodium hydroxide, ammonium hydroxide, etc.). 

o Solids. 

o Other liquids (examples--chloroform, trichloroethane, etc.). 

o Explosive chemicals (example--picric acid): store separately, 

outdoors. 

Lips, strips, or bars should be installed across the width of reagent 

shelves to restrain the chemicals 1n case of earthquake. 

Chemicals must not be stored in the same refrigerator used for food 

storage. Refrigerators must be appropriately identified by placing one 

of the following labels on the door (labels may be obtained from EH&S 

Safety Representatives). 
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NOT~CIE 

FOOD CAN BIE 
STORIED IN 
THIS UNIT 

Label for refrigerators 
used for food storage. 

SPILLS OF HAZARDOUS MATERIALS 

CAUTION 

FOOD SHALL 
NOT BE STORED 

IN THIS UNIT 

Label for refrigerators 
used for chemical storage. 

Consider any of the following actions if appropriate: 

o Evacuate people from the area. 

o Isolate the area. 

o If the material is flammable, turn off ignition and heat sources. 

o Call the Fire Department, EXT. 5333, for assistance. 

o Wear appropriate personal protective equipment. 

o Pour Sorb-all or appropriate neutralizing agent on spill. 

o Clean up; place waste in plastic bag for disposal. 

SAFE DISPOSAL OF CHEMICALS 

All LBL employees, participating guests, and visitors using hazardous 

chemicals are responsible for their safe disposal. 
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Federal and state regulations mandate strict disposal procedures for 

chemicals. In order to comply with these regulations all persons using 

Laboratory facilities must observe the procedures. 

Routine l;>isposal of.Chemicds 

In general, rou~ine, ~ncontrolled disposal of chemicals to the 

sanitary sewer is unacceptable.. The EH&S Department will advise on the 

proper·disposal of chemical wastes. 

In using chemical waste storage containers certain procedures must 

be observed: 

o Incompatible chemicals must not be mixed in the same container 

(e.g., acids should not be mixed with bases; organic liquids 

should not be mixed with strong oxidizing agents). 

o Waste oils must be collected in-55-gallon drums. Disposal will 

be arranged by the Transportation of Materials Group, EXT. 5404. 

o Flammable liquid wastes should be stored in approved 5-gallon 

containers (LBL catalog No. 7960-303444). 

o All other liquid wastes should be stored in properly labeled 

containers. 

o Flammable liquids, acids, bases, oxidizing agents, other 

liquids, solids, and explosive materials must be in separate 

stored containers. 

o Unidentified wastes cannot be accepted for disposal. Identi

fying and labeling of all containers must be done. Analysis 

may be necessary to determine the nature of such wastes; the 

costs of this analysis will be charged to the user's account. 
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General Housekeeping Rules 

o Maintain the smallest possible inventory of chemicals to meet 

your immediate needs. 

o Periodically review your stock of chemicals on hand. 

o Ensure that storage areas, or equipment containing large 

quantities of chemicals, are secure from accidental spills. 

o Rinse emptied bottles which contain acids or inflammable 

solvents before disposal. 

o Recycle unused laboratory chemicals as much as possible. 

Do not: 

o Place hazardous chemicals in salvage or garbage receptacles. 

o Pour chemicals on to the ground. 

o Dispose chemicals through the storm drain system. 

o Dispose highly toxic, malodorous, or lachrymatory chemicals 

down the sewer drain. 

Disposal to Sanitary Sewer System 

Disposal of chemicals to the sanitary sewer system 1s undesirable 

and should be used only as a last resort or under very carefully con

trolled circumstances after consultation with the EH&S Department. 

Examples of permissible controlled disposal via the sanitary sewer 

are small quantities of: 

o Water soluble chemicals, including organic, water soluble 

liquids, in such volumes as to present no fire hazard. 
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o Acids or bases if neutralized to have a pH in the range 5-10. 

o Heavy metals, e.g., a few grams. 

It is often practical to convert hazard substances so that their hazard 

~s reduced (e.g., carcinogens may be oxidized in solution before their 

disposal). 

General 

For advise on the disposal of hazardous materials call: 

Industrial Hygiene Group, EH&S Department, EXT. 5829 

Decontamination and Waste Disposal Section, EH&S Department, 

EXT. 5251 

For pick up of chemical waste material, call Decontamination and Waste 

Disposal Section, EXT. 5251. 
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BERYLLIUM 

Scope 

SPECIFIC CHEMICAL HAZARDS 

Beryllium is used predominately in three forms: beryllium metal, 

beryllium oxide, and beryllium-copper alloys. Beryllium-copper alloys 

may consist of 0.5 to 4% beryllium, although the most connnon alloy has 

about 2% beryllium. Beryllium may also be alloyed with other metals, 

such as nickel and cabal t, or be found as a salt, e.g., beryllium 

fluoride, chloride; nitrate, or sulfate; and as beryllium hydroxide. 

Hazard 

Exposure to beryllium and its compounds can damage the skin, eyes, 

and respiratory system. The soluble beryllium salts, especially the 

fluoride and sulfate, are skin sensitizers and in high concentrations are 

also primary skin irritants. If beryllium gets into broken skin, the cut 

may abscess and not heal properly until the substance is removed. Eye 

irritations are also common, and splash-burns can cause damage to the 

cornea. Breathing dust and fumes, however, is the most connnon cause of 

beryllium poisoning. The effects of inhaling high levels of beryllium 

can range from mild inflannnation of the nose and throat, a condition that 

resembles a cold, to a severe pneumonia-like reaction characterized by 

coughing, difficulty in breathing, pain and tightness in the chest, loss 

of appetite, and general fatigue. The effects of inhaling low levels of 

beryllium over an extended period of time may be delayed from a few 

months to years after the last exposure. Chronic beryllium poisoning 1n 

most cases affects the respiratory tract. The onset may be manifest by 

weakness, loss of weight, shortness of breath, and coughing. 
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Beryllium dusts or powders constitute a moderate fire hazard. How

ever, any fire involving beryllium is a serious threat to the health of 

nearby personnel. 

Precautions 

o Avoid skin contact with beryllium salts or salt solutions, and 

do not allow metallic beryllium to come 1n contact with open 

wounds or abrasions. Wear gloves when handling beryllium or 

beryllium compounds when loose contamination (dust or chips) 1s 

present. There is no danger in ordinary skin contact with 

beryllium metal, alloys, or fused-ceramic material. 

o All operations involving the generation of airborne beryllium 

must be done under controlled conditions for which concurrence 

must be obtained from the Industrial Hygiene Group, EXT. 

5.829/5251. Operations such as machining, grinding, welding, 

cutting, drilling, sawing, and milling must be enclosed and the 

exhaust ventilated through high-efficiency filters. A hazardous 

concentration of beryllium fume may be generated when the metal 

is heated above 650°C (1200°F), or when the oxide is heated 

above 1540°C (2800°F). 

o Scrupulous adherence to good housekeeping practices, plant, and 

personal cleanliness are an obvious necessity. 

o All beryllium parts must be stored and transported in labeled 

containers. One of the following labels may be used. 
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BERYLLIUM 
(BERYLLIUM OXIDES! 

DANGER: HIGHLY TOXIC 
Do not breathe dust or fumes. 
Do not contaminate open wounds or clothing. 
Store in labeled containers. 
Machining or surface processing restricted to 

approved ventilated areas. 
Avoid spillage. If any occurs, contact 

Industrial Hygiene & Toxicology 

R!~.4g~66a ~ POISON ~ 

CONTAINS 

BERYLLIUM 

Stock No. 4280-45118 Stock No. 4280-34846 

o All beryllium and beryllium-contaminated waste must be placed 

in properly marked containers and picked up by the Decontamina-

tion and Waste Disposal Section, EXT. 5251. 

o The following work on beryllium-copper alloys may be performed 

without special controls: lathe cutting using a coolant, shear-

ing, forming, hand sawing, hand filing, hand sanding, and soft 

soldering in a hood. 

CADMIUM 

The greatest exposure potential is probably from welding or burning 

cadmium-plated parts and brazing or silver soldering with cadmium-

containing rods and wires. These brazing alloys contain 15 to 19% 

cadmium. Table 1 indicates the important properties of all the silver 

solders stocked at LBL. 
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TABLE 1 

~ Mel tina Pt. Flow Point 
Enaelhard Ind. Hand)! & Harmon LBL Cat. No. % Cd OF oc OF oc Descrietion 

Silvaloy #50 Easy-Flo 3439-28753 18 1160 625 1175 635 Strip, 50% Ag 

Sil valoy #50 Easy-Flo 3439-28756 18 1160 625 1175 635 Wire, 50% Ag 

Silvaloy 503 Easy~Flo #3 3439-41772 16 1170 630 1270 690 Wire, 50% Ag 

SilValoy #15 Sil-Fos 3439-2874 7 ll85 640 1300 705 Strip, 15% Ag 

Silvaloy 1~60 Braze 603 3439-28572 1115 600 1325 720 Wire, 60% Ag 

Silvaloy Easy Braze Easy 3439-28751 1240 670 1325 720 Wire, 65% Ag 

Hazard 

Finely divided cadmium metal and cadmium oxide fumes are highly 

toxic and must not be inhaled or ingested. A single exposure to high 

levels of cadmium in air can cause severe lung irritation, which may be 

fatal. Symptoms usually appear 4 to 10 hours after exposure when cough, 

labored breathing, and connnonly a feeling of constriction or a burning 

sensation in the chest develop. Generalized flu-like symptoms character-

ized by shaky chills, sweating, aching in the extremities and back, head~ 

ache, and dizziness may also develop. Continued exposure to low levels 

of cadmium in air can result in chronic poisoning characterized by irre-

ve-rsible lung injury and kidney damage. Symptoms of the cumulative 

effects of cadmium may appear after exposure has terminated. 

Cadmium metal dust will burn with the evolution of a very hazardous 

brownish-yellow fume. 
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Precautions 

o Remove all cadmium from plated parts before welding or burning. 

o Substitute cadmium-free silver solder whenever possible. 

o When cadmium is melted, temperatures should be kept as low as 

possible, consistent with the requirement of the operation, to 

prevent excessive fume generation. 

o Indoor work or continuous outdoor work which involves the 

generation of airborne cadmium must be enclosed to the maximum 

extent practical and be provided with a good exhaust system 

which collects and removes the fumes. as they are formed. If 

the work is outdoor and intermittent, a properly fitted fume 

respirator must be used. In confined spaces when an exhaust 

system is not practical, a supplied air respirator must be 

worn. Evaluation of exhaust systems, work situations, and sup

ply of respiratory protective equipment ~s available from the 

Industrial Hygiene Group, EXT. 5829. 

o Cadmium-containing and cadmium-plated parts should be kept 

separate from parts not containing cadmium and marked appro

priately so that accidental exposures resulting from cutting 

and welding will not occur. 

o When there is cadmium dust, cleaning must be performed by 

vacuum pickup or wet mopping. No dry sweeping or blowing is 

permitted. 
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CHEMICAL CARCINOGENS 

INTRODUCTION 

This supplement to the Health and Safety Manual describes the recom-

mendations and requirements established to govern the use of substances 

which pose a carcinogenic risk. All Lawrence Berkeley Laboratory (LBL) 

personnel using chemical carcinogens are expected to be familiar with 

these guidelines and conduct their operations accordingly. 

PURPOSE 

The purpose of these guidelines is to assist the laboratory investi-

gator in the selection and use of appropriate safeguards. These safe-

guards consist of good laboratory practices and engineering controls 

that permit the beneficial use of chemical carcinogens and maintain expo-

sures to these substances as low as reasonably achievable. In selecting 

appropriate safeguards, specific attention must be given to: 

o The quantity of the chemical carcinogen used. 

o The physical and chemical properties. 

o The carcinogenic potency. 

o The type of experimental procedures involved. 

o The engineering controls available in the laboratory. 

o The applicable health and safety standards. 

SCOPE 

This guideline applies to the use of chemical substances which, in 

the judgment of the Department of Energy (DOE), pose a carcinogenic risk. 

The list of carcinogens is compiled from four sources: 
I 
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1. American Conference of Governmental Industrial Hygienists (ACGIH) 

2. International Agency for Research on Cancer (IARC) 

3. National Toxicology Program (NTP) 

4. Occupational Safety and Health Administration (OSHA) 

The list is intended to provide comprehens,ive and uniform guidance on 

chemicals classified as carcinogens. 

Three categories of carcinogens are: 

1) Human Carcinogens. Those materials for which there ~s 

sufficient evidence of carcinogenicity from studies of humans 

that indicate a causal relationship between the agent and human 

cancer. 

2) Human Suspect Carcinogens. Those materials with limited ev~

dence of carcinogenicity in humans and generally substantiated 

evidence as an animal carcinogen. 

3) Animal Carcinogens. Those materials which have sufficient evi

dence of carcinogenicity from studies of experimental animals 

but have insufficient data for humans. 

The categories are based on evaluated evidence that these materials cause 

cancer ~n humans and/ or animals. These categories should not be inter

preted as representing relative hazards or risk of getting cancer if 

exposed. A material designated as a human suspect carcinogen is not 

necessarily less hazard~us than one designated as a human carcinogen. 

Table 2 provides a partial list of chemical carcinogens, which may 

be used at LBL. A complete list is available from the Industrial Hygiene 

Group, EXT. 5829. 
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Table 2. 

HUMAN CARCINOGENS 

Chemical Name 

ACRYLONITRILE 
AMINODIPHENYL; 4-
ARSENIC AND ARSENIC COMPOUNDS 
ASBESTOS 
BENZENE 
BENZIDINE 
BIS(CHLOROMETHYL)ETHER 
CHLORAMBUCIL 
CHLOROMETHYL METHYL ETHER 
CHROMIUM (VI) COMPOUNDS 
DIBROM0-3-CHLOROPROPANE; 1,2-
NAPHTHYLAMINE; 2-
NITRODIPHENYL; 4-
VINYL CHLORIDE 

HUMAN SUSPECT CARCINOGENS 

Chemical Name 

ACETYLAMINOFLUORENE; 2-
AFLATOXINS 
BENZO(A)PYRENE 
BERYLLIUM AND BERYLLIUM COMPOUNDS 
BUTADIENE; 1, 3-
CADMIUM AND CADMIUM COMPOUNDS 
CARBON TETRACHLORIDE 
CHLOROFORM 
DICHLOROBENZIDINE; 3, 3 '-
D !METHYL SULFATE 
D IMETHYLAMINOAZOBENZENE; 4-
DIMETHYLHYDRAZINE; l, 1-
ETHYLENE OXIDE 
ETHYLENE IMINE 
FORMALDEHYDE 
HYDRAZINE 
METHYL HYDRAZINE 
METHYL IODIDE 
METHYLENE BIS(2-CHLOROANILINE); 4,4' 
NAPHTHYLAMINE; 1-
PROPANE SULTONE 
PROPIOLACTONE; B-
PROPYLENE IMINE 
TO LID INE; 0-
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Reference 

OSHA 
IARC, NTP, ACGIH 
!ARC, NTP, OSHA ,_ 
!ARC, NTP, ACGIH 
!ARC, NTP 
!ARC, NTP, ACGIH 
!ARC, NTP, ACGIH 
!ARC, NTP 
!ARC, NTP 
!ARC, NTP, ACGIH 
OSHA 
!ARC, NTP, ACGIH 
ACGIH 
!ARC, NTP, ACGIH 

Reference 

OSHA 
!ARC, NTP, ACGIH 
ACGIH, !ARC 
!ARC, NTP, ACGIH 
ACGIH 
NTP 
ACGIH 
ACGIH 
ACGIH, OSHA 
ACGIH, !ARC 
OSHA 
ACGIH 
ACGIH 
OSHA 
ACGIH 
ACGIH 
ACGIH 
ACGIH 
ACGIH 
OSHA 
ACGIH 
ACGIH, OSHA 
ACGIH 
ACGIH 



ANIMAL CARCINOGENS 

Chemical Name 

BENZ(A)ANTHRACENE 
CYCASIN 
DIBENZ(A,H,)ANTHRACENE 
DIEPOXYBUTANE 
DIMETHOXYBENZIDINE; 3, 3'
D IMETHYLHYDRAZ INE; 1 , 2-
DIOXANE; 1,4-
ETHYL METHANESULFONATE 
ETHYLENE DIBROMIDE 
N-METHYL-N'-NITRO-N-NITROSOGUANIDINE 
N-NITROSODIETHYLAMINE 
N-NITROSODIMETHYLAMINE 
N-NITROSO-N-BUTYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
N-NIROSOPIPERIDINE 
N-NITROSO-N-METHYLUREA 
N-NITROSO-N-METHYLURETHANE 
URACIL MUSTARD 
URETHANE 

RESPONSIBILITIES 

LBL Toxic Substances Subcommittee 

Reference 

IARC, NTP 
IARC 
IARC, NTP 
IARC, NTP 
IARC, NTP 
IARC 
IARC, NTP 
IARC 
NTP 
IARC 
IARC, NTP, ACGIH 
IARC, ACGIH, OSHA 
IARC, NTP 
IARC, NTP 
IARC, NTP 
IARC, NTP 
IARC 
IARC 
IARC, NTP 

o Recommends policies that provide for the safe conduct of work 

involving chemical carcinogens. 

o Reviews the status of compliance with safe-working policies. 

Environmental Health and Safety 

o Determines if the use of a carcinogen creates a significant 

potential for occupational exposure. 

o Evaluates operations for compliance with DOE mandated standards. 

o Provides technical guidance to personnel regarding the selection 

of appropriate laboratory practices and engineering controls. 
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o Investigates all reported incidents that result in exposure of 

personnel or the environment to chemical carcinogens and recom

mends corrective action to reduce the potential for recurrence. 

o Supervises cleanup operations where incidents have resulted in 

significant contamination of laboratory areas or personnel. 

o Updates and transmits list of carcinogens to the Purchasing 

Department for control via distribution A. 

o Transports carcinogens from LBL Receiving to the requestor's 

laboratory. 

o Authorizes ~ssue of carcinogens stocked at the LBL Storeroom. 

Purchasing 

o Specifies special distribution procedures (Distribution A) on 

purchase orders for carcinogens. 

Materiels Management 

o Obtains approval from the Environmental Health & Safety (EH&S) 

Department before issuing carcinogens. 

Receiving 

o Notifies the EH&S Department of the receipt of carcinogens 

designated for special distribution (Distribution A). 

Laboratory Supervisor 

o Employs and ensures the use of appropriate laboratory practices, 

engineering controls, and personal protective equipment that 

reduce the potential for exposure to that which is as low as 

reasonably achievable. 

o Informs laboratory employees under his/her supervision of the 

potential hazards associated with the use of carcinogens and 
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provides proper training and instruction in the use of labora

tory practices, engineering controls, and emergency procedures. 

o Reviews operating procedures with the EH&S Department before 

the initiation of an operation or when significant changes 

occur ~n an ongoing operation. 

o Prepares safety plans, standard operating procedures, or exper

imental protocols describing the use of the chemical carcinogen 

and the procedures used to control exposure if the EH&S Depart

ment determines that its use creates a significant potential 

for occupational exposure. 

o Reports to the Medical Services Department any incident that 

results in the exposure of personnel to carcinogens. 

o Reports to the EH&S Department any incident that results in 

danger of environmental contamination from carcinogens. 

o Provides any necessary assistance during accident 

investigations. 

Laboratory Personnel 

o Know and comply with laboratory safety practices required for 

the assigned task. Wear appropriate protective clothing. 

o Report all unsafe conditions to the laboratory supervisor. 

o Attend appropriate training in safety procedures for handling 

and using carcinogenic materials. 

o In the case of women, report to the Medical Servi-ces Department 

when pregnant to review the working conditions. 

5-23 



o Report to the Laboratory supervisor and the EH&S Department all 

facts pertaining to incidents resulting in exposure to carcino

gens or in environmental contamination. 

LABORATORY PRACTICES AND ENGINEERING CONTROLS 

The laboratory practices and engineering controls, included in this 

section, provide general safeguards that are recommended for the use of 

chemical carcinogens. To select the appropriate safeguards, knowledge is 

required of the physical and chemical properties, the proposed use, the 

quantity needed, the carcinogenic and other toxic hazards, and the 

applicable health and safety standards. Careful judgment is therefore 

essential in planning any activity which involves chemical carcinogens. 

Personnel within the EH&S Department are available to assist the labora

tory supervisor in selecting the appropriate safeguards. Carcinogen 

Safety Data Sheets have been prepared for the more common carcinogens; a 

selected number of these are included in this supplement (see Appendix 

A). These data sheets detail the chemical and physical properties, haz

ards,-and safe operational procedures for specific carcinogens. They 

should be used as a supplement to the general safeguards described below. 

Copies may be obtained by calling Industrial Hygiene Group on EXT. 5829. 

Personnel Practices 

o Wear disposable laboratory clothing. Disposable lab coats 

,are available through the LBL Storeroom, catalog numbers 

8405-63672 (large size) and 8405-63673 (X-large size). 

o Wear gloves appropriate to the task. Discard after each use 

and immediately after overt contact. 
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o Wear appropriate eye protection. The type of eyewear used will 

depend upon the hazard presented by the operation and chemical 

in use. Contact lenses should be removed. 

o Do not eat, drink, smoke, chew gum or tobacco, apply cosmetics 

or store utensils, food, or food containers in laboratory areas 

where chemical carcinogens are used or stored. 

o Do not pipette by mouth--use mechanical aids. 

o Wash hands immediately after the completion of any procedure. 

Immediately after an exposure wash, or if appropriate, shower 

the affected area. 

o Provide respirators for emergency use. Personnel must be 

medically approved and properly trained before their use. 

Operational Practices 

o Label all primary and secondary containers, and place warning 

signs on entrances to work or storage areas. To obtain 

appropriate labels and signs, call the Industrial Hygiene 

Group, EXT 5829. 

o Limit only personnel authorized by the laboratory supervisor to 

enter work or storage areas. Women who are pregnant must con

sult with the Medical Services Department before the start of 

any laboratory activity involving chemical carcinogens. Main

tenance and emergency personnel must be advised of potential 

problems and hazards before their entering the work or storage 

areas. 

o Cover work surfaces with stainless steel or plastic trays, 
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absorbant paper with a moisture-proof lining, or other impervi

ous material. Decontaminate or discard the protective surface 

after the procedure has been completed. 

o Conduct aerosol generating procedures or procedures involving 

volatile carcinogens in a chemical fume hood, a glove box, or 

other suitable containment equipment. Examples of aerosol pro

ducing operations are: the opening of closed vessels; transfer 

operations; preparation of mixtures; blending; sanification; 

open vessel centrifugation; and the application, injection, or 

inoculation of a carcinogen into experimental animals. 

o Conduct biological procedures in a Class II, type B, biological 

safety cabinet. A Class II, type A, biological safety cabinet 

may also be used if the cabinet's exhaust air is discharged 

directly to the outdoors. 

o Capture vapors or aerosols produced by analytical instruments 

with local exhaust ventilation or vent into a chemical fume 

hood. 

o Decontaminate overtly contaminated equipment. 

o Transfer carcinogens in tightly closed containers placed within 

a durable outer container. 

o Maintain an inventory of all carcinogens including the 

quantities acquired, dates of acquisition, and disposition. 

o Keep working quantities to a minimum; do not exceed the amounts 

required for use in one week. This does not include amounts 

stored in a designated area or a cabinet that is located within 

the laboratory. 
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o Dissolve finely divided powdered carcinogens, if possible, into 

a liquid. This reduces the possibility of generating an 

aerosol. 

o Use mixtures which are as dilute as possible for the experiment. 

o Place contaminated materials in a closed plastic bag and sealed 

primary container. Place the primary container in a durable 

outer container before transporting. 

o Place the following tag on waste disposal containers. 

0 
CAUTION 

Carcinogenic 
Waste 

D 
D 

DRY 

LIQUID 

Chemical Name 

Initials ___ _ Date 

Amount 

(For Special Instructions use Reverse Side) 

Front 
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CAUTION 

Carcinogenic 
Waste 

Special Instructions ___ _ 

Back 



To obtain disposal tags, contact the EH&S Decontamination and 

Waste Disposal Section on EXT. 5251. 

o Inactivate carcinogens, if possible, before disposal. 

o Use a wet mop or vacuum cleaner equipped with a high efficiency 

particulate filter to remove dusts. Do not dry sweep or dry 

mop. 

o Protect vacuum lines, pumps, and equipment with adsorbent or 

liquid trap and a HEPA filter to prevent entry of any chemical 

carcinogen into the system. When working with volatile carcin

ogens, use a separate vacuum pump placed within or vented to a 

chemical fume hood. This pump should be labeled for use with 

;·:,carcinogens and the oil discharged as. carciJ?-ogen waste wh.en it 

is changed. 

Facility Recommendations 

o Provide a handwashing facility within the work area. The use 

of a liquid soap is recommended. 

o Provide an emergency eye wash facility 1n each laboratory. A 

safety shower should be available within the area. 

o Treat exhaust air from glove boxes by filtration and/or adsorp

tion, whichever is appropriate. 

o Determine through the EH&S Department in consultation with the 

laboratory supervisor the treatment of exhaust air from open

faced laboratory-type hoods. 

o Design and operate treatment systems, such as filters or 

absorbers, in a manner that allows maintenance to be performed 

and avoids direct contact with the collection medium. 
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o Design exhaust a1r discharge to minimize the possible reentry 

into the supply air intake of any building. 

o Provide a mechanical exhaust ventilation system which controls 

the air movement from areas of lower contamination potential to 

areas of higher contamination potential (i.e., from entry cor

ridors to the laboratory). 

o Modify facilities only through the Plant Engineering Department. 
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CHLORINATED HYDROCARBONS 

Scope 

The chlorinated hydrocarbons as a whole have many industrial as well 

as laboratory uses. At LBL they are commonly used as cleaners, degreas

ers, paint removers, solvents, and extractants. 

Hazards 

Most of these compounds have an anesthetic (narcotic) effect, 

causing workers to feel "drunk," become unconscious, or even die if the 

amount of inhaled vapor is excessive. Individuals working around moving 

machinery can be subject to accidents when their judgment and coordina

tion are impaired by the anesthetic effects of inhaled solvents. Usually 

it is the anesthetic effect which is responsible for sudden unconscious

ness of persons exposed to solvents in tanks, pits, and other confined 

spaces. Trichloroethylene, ethylene dichloride, and chloroform are exam

ples of compounds which are powerful anesthetics. 

Some, but not all, of the chlorinated hydrocarbons are strong 

poisons which damage the liver, kidneys, nervous system, and/or other 

parts of the body. This damage may be permanent or even cause death, 

although recovery to lesser exposures does occur. Single exposures to 

higher concentrations of vapors, as well as repeated exposure to small 

concentrations can produce symptoms of poisoning. These symptoms most 

often come on gradually, with nausea, loss of appetite, vomiting, head

aches, weakness, and mental confusion most often noted. Carbon tetra

chloride, tetrachloroethane, and 1,1,2-trichloroethane are examples of 

compounds which are strong poisons. 
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All chlorinated hydrocarbons on repeated contact with the skin can 

cause rashes (dermatitis) because of their ability to remove the protec

tive fats and oils from the skin. A few of these solvents are known to 

be capable of entering the body through contact with the skin. In addi

tion, many of the compounds are highly irritating to the membranes around 

the eyes and in the nose, throat, and lungs. Examples of chlorinated 

hydrocarbons which have irritant properties are ethylene dichloride and 

chloroform. 

Some compounds are human suspect carcinogens, such as carbon 

tetrachloride. In studies on laboratory animals, several chlorinated 

hydrocarbons have been linked to the production of cancer. These 

compounds are ethylene dichloride, perchloroethylene, and 

trichloroethylene. At present, there is no direct evidence associating 

these compounds with an increased risk of cancer in man. 

When heated, these compounds can decompose, forming highly toxic 

fumes of phosgene, hydrochloric acid, and chlorine. 

Most of the chlorinated hydrocarbons are non-flammable; however, 

there are exceptions. Table 3 lists important characteristics of some of 

the common chlorinated hydrocarbon solvents. 
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TABLE 3 

VOLAT IL ITY4 

COMMON NAME CHEMICAL NAME TLV (ppm)b (DDD Hg) FLAMMABILITY 

Acetylene dichloride 1,2-Dichloroethylene 200 200 moderate 

Carbon tetrachloridec Tetrach loromethane 5 ll5 nonflaiiDD&b le 

Chloroformc Trichloromethane 10 200 nonflammable 

Ethylene dichloride 1 ,2-Dichloroethane 10 80 moderate 

Methyl chloroform 1,1, 1-Trich loroethane 350 132 nonflammable 

Methylene chloride Dichloromethane 100 435 nonflammable 

Perchloroethylene Tetrachloroethylene 50 18 nonflaiiDD&b le 

Tetrachloroethane 1,1,2,2-Tetrachloroethane 8 non flammable 

Trichloroethane 1,1,2-Trichloroethane 10 25 nonflammable 

Trichloroethylene Trichloroethylene 50 76 non flammab 1 e 

4 The Threshold Limit Value (TLV) is expressed as parts of pure solvent vapors 
per million parts of air (ppm). Refer to page 5-4, Allowable Airborne Concentrations, 
for information on TLV. 

bThe vapor press-;,re at 77°F, (25°C). 

CDesignated as a carcinogen by the Department of Energy. 

Because of their inherent properties, these compounds are harmful to 

varying degrees. 

For questions concerning the hazards of a specific compound, contact 

the Industrial Hygiene Group·, EXT. 5829. 
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Precautions 

o The above table includes information on the TI..V, the volatil

ity, and the flammability of the compounds listed. These three 

characteristics always must be taken into careful consideration 

in selecting a compound in order to minimize the health hazards 

connected with its use. Methyl chloroform is recommended for 

degreas ing operations. 

o If there is a possibility of skin ,or eye contact, wear the 

appropriate protection equipment. Impervious gloves made of 

synthetic rubber can be worn for hand protection. Barrier 

creams are in no instance as protective as impervious gloves. 

However, if finger dexterity is an absolute requirement, a 

solvent-resistant ointment will offer some protection. 

o For high vapor concentrations, cont~ol by local exhaust venti

lation or chemical fume hoods is necessary. Contact the 

Industrial Hygiene Group, EXT. 5829, for an assessment of the 

airborne concentration. 

o Chlorinated hydrocarbons should be stored in cool, dry, and 

well ventilated areas. Containers should be checked for leaks 

because metal corrosion can occur from hydrochloric acid pro

duced by the decomposition of the solvent. Decomposition may 

occur under conditions of high temperature, exposure to 

moisture, and exposure to ultraviolet light. 

o Compounds, both in the original containers and 1.n containers 

used by employees, should be labeled so that the potentially 
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injurious substances are plainly identified. Labels for 

perchloroethylene, trichlorethylene, 1,1,1-trichloroethane, and 

carbon tetrachloride can be obtained at the LBL Central Store-

room, Bldg. 7. The smaller s~ze (2 X 3 ~n. labels are shown 

below. Some also are stocked in a larger size (4 X 7 in.). 

PERCHLOROETHYLENE 
(Tetrachloroethylene) 

WARNING! 
HARMFUL IF INHALED 

Avoid breathing vapor. Keep container closed. Use with adequate 
ventilation. Avoid prolonged or repeated contact with skin. Do 
not take internally. FIRST AID: IF INHALED, remove to fresh air. If 
not breathing give artificial respiration, preferable mouth-to-mouth. 
If breathing is difficult, give oxygen, CALL A PHYSICIAN. 
This material or its vapors in contact with flames or hot glowing 
surfaces may form corrosive acid fumes. In case of spill or leak
soak up and remove. 

2 X 3 m. 
4 X 7 m. 

Stock #4280-45127 
Stock 1f4280-51257 

1,1, 1-TRICHLOROETHANE 
(METHYL CHLOROFORM) 

CAUTION! 
Use with adequate ventilation. 
Avoid prolonged or repeated breathing of 
vapor. 
Avoid prolonged or repeated contact with 
skin. 
Do not take internally. 

2 X 3 ~n. 

4 X 7 m. 
Stock #4280-45131 
Stock #4280-45132 
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TRICHLOROETHYLENE 
WARNING! 

HARMFUL IF INHALED, SWALLOWED OR 
ABSORBED THROUGH SKIN 

Do nat breathe vapor. Use only with adequate ventilation. K
container closed. Do not get in eyes, on skin, on clothing. Wash 
thoroughly after handling. Do not take internally. When heated to 
decomposition or on contact with acids evolves highly toxic chlor
Ine fume.s. Do not expose to strong alkalis. 

FIRST AID- IMMEDIATELY CALL A PHYSICIAN 
IF INHALED: Remove to fresh air. If not breathing,. give artificial 
respiration, preferably mouth-to-mouth. If breathing diHicult ad· 
minister oxygen by authorized person. 
IF CONTACTED: Flush skin and eyes with plenty of water for at 
least 15 minutes. Remove contaminated clothing and wash before ....... 

2 X 3 ~n. 

4 X 7 m. 
Stock #4280-45130 
Stock #4280-46520 

CARBON 
TETRACHLORIDE 

DANGER! 
Hazardous Vapor and liquid 

May Be Fatal If Inhaled or Swallowed 
Use only with odequole veotilotion. 
Do nol breotlle vopor. 
Avoid proio"ged or repeoted contact wit~ skin, 
Do not !oke intemoily. 

POiSON ~ 
Coli A Physicior> 

first Aid 

2 X 3 in. - Stock 1f4280-45ll9 



o Chlorinated hydrocarbons must be placed in an organic liquid 

waste can for disposal. When the waste can is full, Decon

tamination and Waste Disposal Section, EXT. 5251, must be 

called to pick it up. 

FIBERGLAS 

Scope 

Fiberglas ~n many forms (such as flexible duct, Nema G-10, and 

insulation covering for electrical wires) is used at the Laboratory. 

Hazard 

Irritation of the exposed skin, a common complaint among persons 

working with this material, is the result of the mechanical irritation of 

small glass fibers. The sensation var~es from an itch to a prickling or 

burning sensation. Common locations involved are the arms, face, or neck. 

Another cause of dermatitis is contact with fiberglas binders or coating 

materials. 

Except for skin irritation, there is no other known health hazard 

associated with exposure to fiberglas particles. Results of medical 

research, including examinations of hundreds of persons who have worked 

in fiberglas plants for as long as 25 to 30 years, give evidence that 

fiberglas is inert and noninjurious to the person's overall health. It 

will not cause silicosis. 

Precautions 

o Persons with skin problems should consult the Medical Services 

Department before working with fiberglas. 

o Wear loose-fitting clothing and change daily. 
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o Adherent fibers on the skin should be washed off with an ample 

amount of lukewarm or cool water. 

o Air hoses and brooms should not be used to clean off fibers 

from a person since they may drive the fibers deeper into the 

skin. 

o Showering at the end of a work shift is advisable. 

o Plastic binders should be fully cured before working on 

fiberglas laminates. 

o Use vacuum pickup units when machining fiberglas parts. 

o Practice good housekeeping. 

o Some skin protective creams may be of benefit. 

o At home, clothing should be washed separately 1n a tub or 

basin. Washing machines should not be used. Ideally, rubber 

gloves should be worn. The tub or basin should then be fully 

rinsed. 

FLAMMABLE AND COMBUSTIBLE LIQUIDS 

General 

Class B combustibles are flammable and combustible liquids (includ

ing oils, greases, tars, oil base paints, lacquers) and flammable gases. 

Flammable aerosols (spray cans) are also treated here. Cryogenic and 

pressurized flammable gases are treated in Chapters 7 and 13, 

respectively. 

Water should not be applied to fires in any Class B combustibles. 

The use of water may float burning liquids, causing the fires to spread 

more rapidly. Class B fires are usually extinguished by excluding the 
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a~r around the burning liquid. This is accomplished by using one of 

several approved types of fire extinguishing agents, e.g., 

o Carbon dioxide, 

o ABC multipurpose dry chemical, and 

o Halon 1301 (a vaporizing liquid that breaks the flame front). 

Technically, flanunab le and comb us tib le 1 iquids do not burn. However, 

under appropriate conditions, they generate sufficient quantities of 

vapors to form ignitable vapor-air mixtures. As a general rule, the 

lower the flash point* of a 1 iq uid, the greater the fire and explosion 

hazard. It should be noted that many flanunable and combustible liquids 

also pose health hazards. 

It is the responsibility of the user to ensure that all Class B 

combustibles are properly identified, labeled, handled, and stored. If 

assistance is required, contact the EH&S Department Safety Representative. 

Classifications 

Flanunable and combustible liquids are defined and divided into 

classes as shown below. 

Flammable Liquids. Liquids having flash points below 100°F (37.8°C) 

and having vapor pressures not exceeding 40 pounds per square inch (abso-

lute) at 100°F (37.8°C). Flanunable liquids are all Class I liquids and 

are subdivided as follows: 

*The flash point of a liquid is the minimum temperature at which it gives 
off sufficient vapor to form an ignitable mixture with the air near the 
surface of the liquid or within the vessel used. 
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Class IA. Liquids having flash points below 73°F (22.8°C) and boil

ing points below 100°F (37.8°C). Flammable aerosols (spray cans) 

are included in Class IA. 

Class IB. Liquids having flash points below 73°F (22.8°C) and 

having boiling points at or above 100°F (37.8°C). 

Class IC. Liquids having flash points at or above 73°F (37.8°C) and 

below 100°F (37.8°C). 

Combustible Liquids. Liquids having flash points at or above l00°F 

(37.8°C). Combustible liquids include both Class II and Class III liquids 

and are subdivided as follows: 

Class II. Liquids having flash points at or above 100°F (~7.8°C) 

and below 140°F (60.0°C). 

Class IIIA. Liquids having flash points at or above 140°F (60.0°C) 

and below 200°F (93.4°C). 

Class IIIB. Liquids having flash points at or above 200°F (93.4°C). 

Unstable (Reactive) Liquids. Liquid~ which 1n the pure state, or as 

commercially produced or transported, will vigorously polymerize, decom

pose, combine, or become self-reactive under conditions of shock, pres

sure, or temperature. Use of such materials must have prior approval 

from the EH&S Department on a case-by-case basis. 

Fire Hazards 

Fires involving Class B combustibles are especially dangerous 

because they release heat quickly, causing the fire to spread rapidly. 

The handling and use of these combustibles presents the most significant 

single source of fire hazard at this Laboratory. Misuse or improper 
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storage threatens not only the researcher and the experiment, but the 

laboratory unit and the entire building. 

Liquids with flash points below room temperature (Class IA and IB 

liquids) continually emit sufficient quantities of vapors to be ignita

ble, except when chilled to temperatures below their flash point. Even 

when chilled, if spilled on a floor or work surface, they will heat 

rapidly and pose severe fire and explosion hazards. 

Liquids with flash points above room temperature (Class IC, II, 

IliA, and IIIB liquids) can easily be heated to the point where they will 

create flammable vapor-air mixtures. 

Flammable liquid vapors are heavier than air. They can travel for.· 

appreciable distances and accumulate in low places. Since it is the vapor 

of flammable liquids that burns, the fire hazard may not be confined to 

the immediate vicinity of actual use. Vapors can be ignited several 

hundred feet from the point of vapor generation. Flammable liquid vapors 

generally have low ignition-energy requirements and can often be ignited 

by small sparks from electrical motors, switches, relay contacts, etc. 

Precautions 

Recommended precautions are based on the properties of the liquid to 

be used and the intended application. The user cannot make a correct 

decision on necessary precautions unless the properties of the liquid are 

known and the intended use reviewed from a safety standpoint. 

There must be sufficient ventilation to preclude the accumulation of 

flammable vapors. Flammable liquids should be used in a fume hood or 

with local exhaust ventilation. Normal room ventilation may be 

sufficient to permit small-scale use of flammable liquids (milliliter 
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quantities). However, if larger quantities of liquid must be used in 

such facilities, it will be necessary to provide additional ventilation 

by opening doors and windows or providing some form of temporary exhaust 

ventilation. 

Extreme care must be exercised when using flammable liquids in 

closed spaces with minimal ventilation (such as glove boxes and tanks). 

Even milliliter quantities of flammable liquids can cause the build-up of 

explosive mixtures in the confined space. 

Containers 

The maximum allowable sizes of containers and portable tanks are 

given in Table 4. 
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Table 4 

Comb us tib le 
Flammable Liguids Liquids 

Class Class Class Class Class 
Container Type IA IB IC II III 

Glass or approved plastic 1 pta 1 qta 1 gal 1 gal 1 gal 

Metal (other than DOT 1 gal 5 gal 5 gal 5 gal 5 gal 
drums) 

Safety cansb 2 gal 5 gal 5 gal 5 gal 5 gal 

Metal drums 60 gal 60 gal 60 gal 60 gal 60 gal 
(DOT specifications) 

Approved portable tanks 660 gal 660 gal 660 gal 660 gal 660 gal 

a Glass or approved plastic containers of no more than 1 gallon capacity 
may be used for Class IA or IB flammable liquids if (1) such liquid 
either would be rendered unfit for its intended use by contact with 
metal or would excessively corrode a metal container so as to create 
a leakage hazard or (2) the user's process either would require m'ore 
than 1 pint of a Class IA liquid or more than 1 quart of a Class IB 
liquid, of a single assay lot, to be used at one time. 

b Approved safety cans of various materials arid capacities are available 
through the Central Storeroom (LBL stock, Section 7960). 
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Cabinets 

Storage cabinets shall be designed and approved for the anticipated 

usage. Approved metal storage cabinets are available in various sizes 

from stores (LBL stock, section 7195). 

Not more than 120 gallons of Class I, Class II, and Class IliA 

liquids, combined, may be stored in a storage cabinet. Of this total, not 

more than 60 gallons may be of Class I and Class II liquids, combined, and 

not more than three such cabinets may be located in a single fire-separa

tion area. 

Refrigerators 

Ordinary domestic refrigerators must not be used for the storage of 

flammable liquids because they contain certain built-in ignition sources. 

These sources of ignition may initiate a fire or an explosion if flammable 

vapors are present. In special cases, ordinary refrigerators have been 

modified by the Electricians Shop to specifications approved for storage 

of flammable liquids. Refrigerators are now available commercially which 

are specifically designed and approved for storage of flammable materials. 

Refrigerators must bear one of the following labels, supplied, as appro

priate, by the EH&S Department Safety Representative: 
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I 

SPARK SOURCES 
HAVE BEEN. REMOVED 

TIGHTLY CAPPED 
FLAMMABLE LIQUIDS 

MAY BE STORED 
IN THIS UNIT 

Label used for refrigerators that have been modified for storing flammable 
liquids. 

CAUTION 
THIS UNIT IS NOT 
EXPLOSION PROOF 

DO NOT STORE 
FLAMMABLE LIQUIDS 

IN THIS UNIT 

Label used for refrigerators that contain ignition sources. 
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Allowable Quantities 

To adequately manage the exposure hazards in each building, or fire

separation area in each building, it is necessary to consider the needs 

of all users, and/ or of user groups 1.n aggregate, for each building or 

fire-separation area. The restrictions set forth. below provide guidance 

for lower usage levels. In general, quantities in excess of three-months 

usage should not be stored. If the need for larger quantities is antici

pated, contact the EH&S Department Safety Representative for assistance. 

The maximum allowable quantities of Class B combustibles outside 

designated and approved storage rooms or facilities are listed below: 

o· Less than one gallon of Class I and Class II liquids combined, 

in glass or plastic containers, is the maximum allowed outside 

of approved storage cabinets when not actually in use. 

o One gallon is the maximum allowable container size for general 

dispensing of Class I and Class II liquids unless 1.n an approved 

safety can. 

o Where more than one·laboratory unit is located in a single 

fire-separation area, all Class I and Class II liquids must be 

stared in approved storage cabinets or approved safety cans. 

Ten gallons of Class I and Class II liquids, combined, in 

approved safety cans, is the maximum allowable outside of 

approved storage cabinets. Five gallons of Class IliA liquids 

is the maximum allowable outside of approved storage cabinets 

or safety cans. 
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o For single fire-separation areas, 10 gallons of Class I and 

Class II liquids, combined, is the maximum quantity allowable 

outside of approved storage cabinets or approved safety cans. 

o For single fire-separation areas, 25 gallons of Class I and 

Class II liquids, combined, is the maximum allowable quantity 

outside of approved storage cabinets. 

o For single fire-separation areas, 60 gallons of Class IliA 

liquids is the maximum allowable outside of approved storage 

cabinets. 

FLUOROCARBON SOLVENTS 

Scope 

Fluorocarbon solvents are organic compounds containing fluorine. 

Connnon names for some members of this family are "Freon"-TF, "Freon"-MF, 

and "Freon "-BF. 

Hazards 

The vapors are four to five times heavier than a1r and tend to 

accumulate in tanks, pits, and low places. This displaces the oxygen 

which can cause suffocation, or the vapors themselves may be toxic in 

high concentrations. 

Fluorocarbon solvents will dissolve and extract the natural oils 

present in the skin. If contact is prolonged, the skin may become dry 

and perhaps cracked. The vapors have little or no effect on the eyes. 

If the liquid is splashed in the eyes, temporary redness may be produced. 

Lower boiling liquids may cause freezing if splashed on the skin or in 

the eyes. 
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Fluorocarbon vapors decompose when exposed to high temperatures. 

Toxic fumes such as hydrofluoric acid, hydrochloric acid, and phosgene 

may be formed. 

Fluorocarbon solvents are nonflammable. 

Precautions 

o Contact the Industrial Hygiene Group, EXT. 5829, if fluorocarbon 

solvents are used in enclosed areas such as tanks and pits. 

Forced-air ventilation and air-supplied respirators may be 

required. 

o Avoid contact with hot surfaces, electric heating elements or 

open flames. If toxic fumes are formed, good ventilation will 

be required. 

o Wear gloves made of neoprene or equivalent when there is the 

possibility of prolonged or repeated skin contact with the 

liquid. Wear protective clothing and eye goggles if the liquid 

may be splashed. 

HAZARDOUS GASES 

Scope 

The purchase and use of toxic and flammable gases are controlled by 

the Purchasing and EH&S Departments. Contact the Industrial Hygiene Group 

for a list of these gases, EXT. 5829. 

Hazards 

Toxic, fire, and explosion hazards are cons ide red when deciding to 

control the purchase and use of a cylinder of gas. The decision is made 

by the Industrial Hygiene Group of the EH&S Department. 
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Precautions 

o The general precautions for compressed gas cylinders must be 

followed. (See pages 13-6 to 13-13.) 

o Large cylinders of hazardous gases should not be purchased if 

it is possible to use small cylinders. 

o The color coding must not be used on the cylinder to identify 

its contents. These colors have not been standardized by the 

suppliers. Read the label placed on the cylinder. 

o The Industrial Hygiene Group is notified of all hazardous gases 

ordered through the Purchasing Department to assure that 

adequate facilities are available (e.g., fume hoods, safety 

showers, alarms, fire extinguishers, respirators, etc.) and 

that the researcher is aware of the hazardous properties of the 

rna terial. 

o When hazardous gases are received by LBL, the Industrial Hygiene 

Group will pick up and deliver all cylinders of J size and 

smaller. Larger cylinders will be released by the Industrial 

Hygiene Group for delivery by LBL Transportation. See Page 

6830-03A in the LBL stock catalog for cylinder sizes. 

o Cylinders should be returned to the vendor as soon as possible 

after use. It is not uncommon for gas cylinders to develop 

leaks during storage. Arrangements for pickup of used cylinders 

are made by contacting LBL Transportation. Before pickup~ the 

cylinder valve must be closed, the regulator or needle valve 

must be removed, and the valve cover put back on the cylinder. 
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o Arrangements for pickup of cylinders which are leaking or have 

valves that are stuck open should be made by contacting the 

·Industrial Hygiene Group. 

MERCURY 

Scope 

The most widely used form of mercury at LBL is elemental mercury. 

Mercury also exists as a salt and as an organic compound. From the 

standpoint of risk to human health, the most important forms of mercury 

are elemental mercury vapor and short-chain organoalkylmercurials such as 

methylmercury and ethylmercury. 

Hazards 

Mercury can enter the body through the lungs, the skin, and the 

digestive system. Because mercury vaporizes at room temperature, inhala

tion of its vapors is the most likely route of entry. Short exposures to 

high levels of mercury vapor can cause acute poisoning--characterized by 

tightness and pain in the chest, difficulty in breathing, inflammation of 

the mouth and gums, fever, and headaches. Acute poisoning, however, 1s 

rare. Much more common among workers is chronic poisoning caused by long

term exposure to lower levels of mercury. Steady exposure can cause a 

slow build-up of mercury in the body that can result in illness, person

ality changes, and eventual disability. Symptoms of chronic poisoning 

include inflammation of the mouth and gums, weakness, loss of appetite 

and weight, shaking (particularly in the hands), and irritability. 

During an "ordinary" laboratory spill of metallic mercury, clean-up 

effort need not be either hasty or heroic since a long duration of expo-
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sure to the vapors would be required before any adverse symptoms would 

occur. However, at elevated temperatures, ,the concentration of mercury 

vapor rises rapidly and poisoning can occur within a short period of time. 

Precautions 

o Avoid skin contact. 

o Keep mercury containers closed when not in use. 

o Use plastic or metal catch cans under all mercury apparatus 

that is likely to break or spill; make transfers over a catch 

pan. 

o Provide adequate ventilation, especially if mercury is heated 

above room temperature. 

o Use a label 1 i~e the following on all equipment and vessels 

containing mercury. 

MERCURY 
WARNING! 

Vapor Hannful at Room 
Temperature 

May Be Fatal If Heated 
In The Open 

Do not breathe vapor. 
Use adequate ventilation. 
Avoid skin contact. 

Stock #4280-45123 

o Store in protected area in closed, labeled containers, 

preferably plastic. If a glass bottle 1s used, place in a 

secondary container. 
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o Dispose of mercury by placing in sealed, labeled containers. 

Send unused mercury to Salvage. If mercury is used, call the 

EH&S Decontamination and Waste Disposal Section, EXT. 5251, for 

pickup. Do not pour mercury down laboratory drains. 

o If mercury is spilled at room temperature notify the Decontam-

ination and Waste Disposal Section as soon as possible to obtain 

clean-up equipment and a mercury vapor survey. If mercury is 

released at elevated temperatures, evacuate the area immediately 

and notify the emergency dispatcher at the Fire Department, 

EXT. 5333. 

o Equipment being sent to the warehouse for storage must be 

drained of mercury, properly secured, and tagged with a mercury 

label. 

OXYGEN-PUMPING IN VACUUM SYSTEMS 

Statement of Problem 

o Oxygen in concentrations >25% by volume should not be introduced 

into a mechanical vacuum pump charged with a hydrocarbon oil, a 

combustible fluid. During compression 1n the pump, the pres-
' 

sure of the oxygen may reach as high as 2-3 atmospheres, and at 

this pressure it may cause an explosion if combined with hydro-

carbon oil. 

Required Solution 

o Pump manufacturers recommend the use of an inert fluid in place 

of the hydrocarbon oil. Various fluids are available, such as 
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Fomblin or HaloVac (Sargent-Welch Science Company). Modifica

tion of the pump may be required because these fluids have high 

molecular weights and high specific gravities and may be incom

patible with seals. An inquiry to the pump manufacturer 1s 

recommended. 

o Pumps modified for oxygen service shall be permanently 

identified and used only with the specified fluid. 

PEROXIDIZABLE COMPOUNDS 

Scope 

Isopropyl ether, ethyl ether, dioxane, tetrahydrofuran, and other 

alkyl ethers form peroxides on exposure to air and light. Because these 

chemicals are packaged in an air atmosphere, peroxides can form even 

though the containers have not been opened. The longer the storage 

period of these chemicals, the greater the amount of dangerous peroxides 

that may form. Experience has shown that isopropyl ether is by far the 

worst offender. 

Hazards 

These peroxides are highly unstable, explosive chemicals which may 

detonate if subjected to high temperature, shock, or friction. Concen

tration by evaporation or distillation of the ether increases the risk of 

detonation. 

Precautions 

o Ethers containing an inhibitor should be purchased, when 

possible. 

o Ethers should be kept 1n cans rather than glass bottles. 
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o Ethers should be stored in as cool a location as feasible (but 

not stored in refrigerators unless explosion-proof). 

o Ethers should always be tested for peroxide content before any 

distillation procedure and, of course, should not be used if 

peroxides are found to be present. 

o Safety shields should be placed in front of reaction vessels or 

distillation apparatus involving ethers carried out in hoods. 

o At least 10% bottoms in distillation should be left. 

o Any containers of uncertain age or condition must not be opened, 

particularly when the cap or stopper is tightly stuck. 

o Suspected containers must not be removed or disposed of. 

Contact the EH&S Department. 

o Containers of isopropyl ether must have the following red 

label, indicating the date of purchase, attached to the outside 

surface. These labels should be applied by storeroom personnel. 

When the container is opened, the opening date should also be 

recorded on this label. 

Date received by LBL Stores _________ _ 

Date container opened __________ _ 

WARNING: This compound forms potentially explosive 

peroxides during storage. Discard 1 year from 

Stores receival date, or 3 months after opening. 
Call Safety Services (Decon, ext. 5251) for disposal. 

o These containers must be disposed of one year after purchase, 

or three months after open1ng. Call the EH&S Decontamination 
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and Waste Disposal Section, EXT. 5251, for pick-up of containers 

for disposal. 

POLYCHLORINATED BIPHENYLS (PCBs) 

FCBs are a broad class of nonflammable, synthetic, chlorinated 

hydrocarbon insulating fluids used mostly in capacitors and transformers 

at LBL. Synonyms include askarel, aroclor, inerteen, pyranol, therminol, 

and many others. 

Hazards 

Prolonged skin contact with PCB oils can cause skin irritation and 

occasionally the formation of temporary acne-like cysts. Eye contact can 

cause severe irritation and inflammation. Breathing the vapor or mist 

from heated oil can cause respiratory irritation. PCBs are listed as 

suspect carcinogens. 

Because of their inert character and stability under extreme physi-

cal stresses, PCBs do not break down ~n the environment. PCBs are widely 

dispersed in the environment and can accumulate in foods found ~n the 

human diet. 

Precautions 

o When working with PCB-contaminated equipment or on PCB spills, 

the appropriate personnel must wear protective equipment, 

I 
including neoprene gloves, coveralls, and splash goggles. 

o Small spills can be sorbed in vermiculite or Sorb-all. Place 

waste material in plastic bags and call the Decontamination and 

Waste Disposal Section, EXT. 5251. All equipment containing 

PCBs must be disposed of through the EH&S Department. 
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o In case of large spills or if a capacitor should explode, evac

uate all personnel from the area. Call the Fire Department, 

EXT. 5333, for assistance. Provide or maintain ventilation in 

the affected area, if possible. If entry to the area is neces

sary, self-contained breathing apparatus must be worn. 

o If PCB splashes on an employee, remove any contaminated cloth

ing promptly and wash the skin with soap and water. If the 

eyes are affected, flush immediately for about 15 minutes. 

Report to the Medical Services Department. 

o Equipment containing PCBs must be used in a manner to ensure min

imum contamin~tion to the environment. Equipment must be stored 

and transported 1n a manner to eliminate any leaks to the environ

ment. For advice consult the EH&S Department on EXT. 5251. 

o All large capacitors containing PCBs and all PCB transformers 

must be labeled. Banks of capacitors may be labeled as a unit. 

Capacitors and transformers within a confined area with limited 

access may be labeled at each point of entry. The following 

labels may be obtained at the Central Storeroom or from the 

EH&S Department. The large label should be marked (see example 

on page 5-56). 

o All equipment containing PCBs must be disposed of through the 

EH&S Department. 
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o A record of the quantity, type, movement, and disposal of PCB 

items must be maintained by each owner. A yearly update of the 

record is made in June and submitted to the EH&S Department for 

reporting to the Environmental Protection Agency. 
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Carcinogen Safety Data Sheet 

AFLATOXINS 

Compounds: Aflatoxin B1 CAS #1162-65-8 
Aflatoxin B2 CAS #7220-81-7 
Aflatoxin G1 CAS #1165-39-5 
Aflatoxin G2 CAS #7241-98-7 

MW: B, - 312; B2 - 314; G, - 328; G2 - 330 
Chemical Formula: B1 - C11H1206; B2 - C17H 1406; G1 - C17H1207; G2 - C11H1407; 

Chemical and Physical Properties: 

General: 

Lawrence 
Berkeley 
Laboratory 

Description: colorless to pale yellow crystals; intensely fluorescent in UV light; emit blue or 
yellow-green fluorescence 

Melting point: B1 268-269·c; B2 286-289·c; G1 244-246·c; G2 237-239·c 
Solubility: very slightly soluble in water; insoluble in non-polar solvents; soluble in moderately 

polar organic solvents, especially dimethyl sulfoxide 
Stability: relatively unstable to light and air, particularly in solutions with a highly polar solvent; 

fluorescent and non-fluorescent degradation products appear upon brief exposure to chroma
tograms to light; chloroform solutions are stable for years if kept in dark and cool storage 

Reactivity: the lactone ring is susceptible to alkaline hydrolysis; only partially destroyed under 
ordinary cooking conditions and totally destroyed by autoclaving in the presence of 
ammonia or treatment by hypochlorite 

Toxic Hazard: Evidence of acute toxicoses in man; toxicity in descending order - B1 > G1 > B2; 
mutagenic. 

Cancer Hazard: Aflatoxins have been shown to produce hepatocellular carcinomas and liver, colon, 
and kidney tumors in rats and several other test species including trout and ducks. There is evidence 
of a causal relationship between aflatoxin intake and liver cancer incidence in humans. 

Operational Procedures: 

1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 
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2) Fume Hoods. All procedures that may generate aerosols or vapors into the ambient air shall be 
contained in adequately ventilated fume hoods. An appropriate warning sign shall be placed on 
each hood. Call the Industrial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Aflatoxins shall be stored in a sealed container in a properly ventilated cabinet and 
protected from breakage and exposure to light. Place an appropriate sign on entrances to storage 
areas. Call the Industrial Hygiene Group for signs. Quantities of aflatoxins stored in the lab 
should be limited to operational requirements. 

5) Decontamination and Disposal. Aflatoxins can be degraded by photo-decomposition with UV 
light. Wastes not inactivated shall be collected into impermeable, closed, and labeled containers. 
All carcinogen waste in the laboratory shall be disposed of in a separate, tagged, carcinogen waste 
container. Contact the EH&S Chemical Disposal Section to make arrangements for containers, 
tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with aflatoxins. Obviously contaminated gloves 
and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipettihg aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. The Industrial Hygiene Group of the Environmental Health and Safety Department must be 
notified of its use so that specific guidelines can be established. Call on extension 5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

ARSENIC AND ARSENIC COMPOUNDS 

Compounds: Arsenic 
·. Arsenic trioxide 
Arsenic pentoxide 
Calcium arsenate 
Calcium arsenite 
Potassium arsenate 
Potassium arsenite 
Sodium arsenate 
Sodium arsenite 
Disodium hydrogen arsenate 

Chemical and Physical Properties: 

As 
As203 
As205 
Ca3(As04h 
CaAs03H 
KH2AS04 
KH(As02h · H20 
Na3AS04 · 12 H20 
NaAs02 
Na2HAs04 · 7 H20 

Description: most are colorless powders or crystals 

CAS #7440-38-2 
CAS #1327-53-3 
CAS #1303-28-2 
CAS #10106-62-5 
CAS #27152-57-4 
CAS #7784-41-0 
CAS #13646-35-2 
CAS #7631-89-2 
CAS #7784-46-5 
CAS #10048-95-0 

Lawrence 
Berkeley 
Laboratory 

• Solubility: all are soluble in water (trioxide and calcium salts are of limited solubility); sodium 
salts and trioxide are somewhat soluble in alcohols 

Stability: not stable and well-defined materials; arsenites of alkali metals are slowly converted in 
solution to arsenates by atmospheric 0 2; in dry state, arsenites are decomposed by atmos
pheric C02 

Toxic Hazard: Poisonous - acute and chronic arsenical poisoning; skin, eye and respiratory irritant; 
trivalent compounds are corrosive to the skin; liver haemangioendothelioma. 

Cancer Hazard: Inorganic arsenic has been shown to produce adenocarcinomas of the skin, lung, 
lymph nodes and lymphocytic leukemia or lymphoma in mice. There is a causal relationship between 
skin cancer and occupational exposure to inorganic arsenic in drugs, drinking water and the environ
ment, and an increased risk of lung cancer in workers using arsenic trioxide. 

Hygienic Standards: Arsenic and soluble compounds, as As - Threshold Limit Value = 0.2 mg/m3 

(ACGIH, 1986) 

Operational Procedures: 

1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 
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2) Fume Hoods. All procedures that may generate aerosols or vapors into the ambient air shall be 
contained in adequately ventilated fume hoods. An appropriate warning sign shall be placed on 
each hood. Call the Industrial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Containers of inorganic arsenic compounds shall be stored in an area or cabinet desig
nated for chemical carcinogens, and protected from breakage. Place an appropriate sign on 
entrances to storage areas. Call the Industrial Hygiene Group for signs. Quantities of these com
pounds stored in the lab should be limited to operational requirements. 

5) Decontamination and Disposal. Wastes shall be collected into impermeable, closed, and 
labeled containers. All carcinogen waste in the laboratory shall be disposed of in a separate, 
tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to make 
arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with arsenic dust. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. The Industrial Hygiene Group of the Environmental Health and Safety Department must be 
notified of its use so that specific guidelines can be established. Call on extension 5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 
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Carcinogen Safety Data Sheet 

ASBESTOS 

Synonyms: chrysotile; amosite; anthophyllite; crocidolite 
MW: varies with structure 
Chemical Formula: chrysotile- 3Mg0 · 2Si02 • 2H20 

amosite - 5.5Fe0 · 1.5Mg0 · 8Si02 • H20 
anthophyllite - 7Mg0 · 8Si0 · H20 
crocidolite - Na20 · Fe203 · 3Fe0 · 8Si02 • H20 

Chemical and Physical Properties: 

Lawrence 
Berkeley 
Laboratory 

Description: Asbestos is a generic term that applies to a number of naturally occurring hydrated 
mineral silicates 

Solubility: not soluble in water 
Stability: thermally stable; resistant to oxidation, hydrolysis, alkalies, and acids except hydro

fluoric 

Fire and Explosion Hazards: None. 
Toxic Hazard: Long continued inhalation of the dust causes lung injury known as asbestosis; mechani

cal eye irritant. 
Cancer Hazard: All types of asbestos fibers that have been tested are carcinogenic in mice, rats, ham

sters, and rabbits, producing mesotheliomas and lung carcinomas after inhalation and after intra
pleural, intratracheal and intraperoteneal administration. Studies of exposures to man have shown 
high incidences of lung cancer, pleural and peritoneal mesotheliomas, GI tract cancers, and cancer of 
the larynx. 

Hygienic Standards: Chrysotile- Threshold Limit Value = 2 fibers > 5 J.Lm/cc (ACGIH, 1986) 
Amosite- Threshold Limit Value= 0.5 fibers > 5 J.Lm/cc 
Crocidolite- Threshold Limit Value= 0.2 fibers > 5 J.Lm/cc 
Other forms- Threshold Limit Value= 2 fibers > 5 J.Lm/cc 

Operational Procedures: 

1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 
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2) Fume Hoods. All procedures that may generate dusts into the ambient air shall be contained in 
adequately ventilated fume hoods. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Containers of asbestos dust shall be stored in an area or cabinet designated for chemi
cal carcinogens, and protected from breakage. Place an appropriate sign on entrances to storage 
areas. Call the Industrial Hygiene Group for signs. 

5) Decontamination and Disposal. Wastes shall be collected into impermeable, closed, and 
labeled containers. All carcinogen waste in the laboratory shall be disposed of in a separate, 
tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to make 
arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with asbestos dust. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. The Industrial Hygiene Group of the Environmental Health and Safety Department must be 
notified of its use so that specific guidelines can be established. Call on extension 5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

BENZENE 
CAS #71-43-2 

Synonyms: benzol; cyclohexatriene 
MW: 78.11 
Chemical Formula: C6H6 

Chemical and Physical Properties: 
Description: clear, colorless liquid; characteristic odor; flammable 
Melting point: 5SC 
Boiling point: 80.1 oc 
Aash point: 10-12oC 
Specific gravity: 0.8787 (15° /4°C) 
Vapor specific gravity: 2. 7 
Vapor pressure: 75 mm Hg (20oC) 

Lawrence 
Berkeley 
Laboratory 

Solubility: insoluble in water; miscible with alcohol, chloroform, ether, carbon disulfide, carbon 
tetrachloride, glacial acetic acid, acetone, and oils 

Stability: highly flammable; incompatible with strong oxidizers 

Fire and Explosion Hazards: Aammable. 
Toxic Hazard: Exposure to benzene can cause severe damage to the haemopoietic system; minor skin 

and eye irritant. 
Cancer Hazard: Benzene has been reported to cause leukemias in test animals and is a recognized 

human carcinogen 
Hygienic Standards: Threshold Limit Value = 10 ppm (ACGIH, 1986) 

Short Term Exposure Limit = 25 ppm (ACGIH, 1986) 

Operational Procedures: 

1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 
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2) Fume Hoods. All procedures that may generate aerosols or vapors into the ambient air shall be 
contained in adequately ventilated fume hoods. An appropriate warning sign shall be placed on 
each hood. Call the Industrial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Containers of benzene shall be stored in an area or cabinet designated for chemical . 
carcinogens, and protected from breakage. Place an appropriate sign on entrances to storage areas. 
Call the Industrial Hygiene Group for signs. Quantities of benzene stored in the lab should 
be limited to operational requirements. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with asbestos dust. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 
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Carcinogen Safety Data Sheet 

BENZIDINE 
CAS #92-87-5 

Synonyms: 4,4'-diaminobiphenyl; [ 1, 1'-biphenyl]-4,4'-diamine; p-diaminodiphenyl 
MW: 184.24 
Chemical Formula: C12H12N2 

Chemical and Physical Properties: 
Description: crystalline - white or slightly reddish needles or powder 
Melting point: 115-120oC 
Boiling point: approx. 400oC (sublimes) 
Solubility: slightly soluble in hot water and ether; soluble in alcohol 
Stability: darkens on exposure to air and light; can be sublimed 

Lawrence 
Berkeley 
Laboratory 

Reactivity: a weak base that forms insoluble salts with H2S04; can be diazotized and oxidized; its 
amino groups can be acetylated and alkylated 

Toxic Hazard: mutagenic in the Ames test; poisonous 
Cancer Hazard: Benzidine has been shown to produce bladder cancer in humans. 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. A Class III fume hood (glove box) is required for all procedures using benzidine 
in concentrations greater than 0.1 %. Otherwise, confine aerosol or vapor generating procedures to 
adequately ventilated chemical fume hoods. An appropriate warning sign shall be placed on each 
hood. Call the Industrial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Benzidine shall be stored in a sealed container in a properly ventilated cabinet with an 
air filtration system and protected from breakage. Quantities of benzidine stored in the lab should 
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be limited to operational requirements. Place an appropriate sign on entrances to storage areas. 
Call the Industrial Hygiene Group for signs. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with benzidine. Obviously contaminated gloves 
and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. The Industrial Hygiene Group of the Environmental Health and Safety Department must be 
notified of its use so that specific guidelines can be established. Call on extension 5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

BENZO(a)PYRENE 
CAS #50-32-8 

Synonyms: 3,4-benzopyrene; 3,4-benzpyrene; B(a)P 
MW: 252.32 
Chemical Formula: C2oH12 

Chemical and Physical Properties: 

Lawrence 
Berkeley 
Laboratory 

Description: pale yellow needles or plates; solutions in benzene show a blue or violet fluores-
cence; solutions in concentrated H2S04 are orange-red with a green fluorescence 

Boiling point: 475•c 
Melting point: 179-179.3·c 
Density: 1.351 
Solubility: soluble in benzene, toluene, and xylene; sparingly soluble in ethanol and methanol; 

very slightly soluble in water 
Stability: oxidizes in benzene under light and air 
Reactivity: hydrogenation with platinum oxide yields 4,5-dihydro-B(a)P, 7,8, 9, 10-tetrahydro

B(a)P, and perhydro-B(a)P; oxidation with chromic acid or ozone yields B(a)P-1,6-quinone 
and B(a)P-3,6-quinone; electrophilic substitution occurs mainly in position 6 

Toxic Hazard: mutagenic in the Ames test; teratogenic in mice 
Cancer Hazard: B(a)P has been shown to produce tumors in all 9 species tested including skin, fore

stomach, lung, and oral tumors in rats, mice, and hamsters. 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures that may generate aerosols or vapors into the ambient air shall be 
contained in adequately ventilated fume hoods. An appropriate warning sign shall be placed on 
each hood. Call the Industrial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 
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4) Storage. B(a)P shall be stored in an area or cabinet designated for chemical carcinogens, and 
protected from breakage. Place an appropriate sign on entrances to storage areas. Call the Indus
trial Hygiene Group for signs. Quantities of B(a)P stored in the lab should be limited to opera
tional requirements. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with B(a)P. Obviously contaminated gloves and 
clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

CARBON TETRACHLORIDE 
CAS #56-23-5 

Synonyms: carbon tet; tetrachloromethane; perchloromethane; benzinoform 
MW: 153.84 
Chemical Formula: CCl4 

Chemical and Physical Properties: 
Description: colorless, clear heavy liquid; nonflammable; has a characteristic odor 
Melting point: - 23.o·c 
Boiling point: 76. ?"C 
Specific gravity: 1.589 (25•;25•q 
Vapor pressure: 89.5 mm Hg (2o•q 

Lawrence 
Berkeley 
Laboratory 

Solubility: miscible with alcohol, benzene, chloroform, ether, carbon disulfide, petroleum ether, 
and oils; l ml dissolves in 2000 ml of water 

Stability: forms poisonous phosgene gas when exposed to fire 
Reactivity: chemically not reactive; not easily hydrolyzed 

Toxic Hazard: Forms a poisonous gas when exposed to fire; is readily absorbed through the skin, 
lungs, and gastrointestinal tract; toxic to the liver and kidneys; a skin and eye irritant. 

Cancer Hazard: Carbon tetrachloride has been shown to produce liver tumors in mice, rats, and ham
sters. There have been case reports of hepatomas in humans. 

Hygienic Standards: Threshold Limit Value = 5 ppm (ACGIH, 1986) 
Short Term Exposure Limit = 20 ppm (ACGIH, 1986) 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures dealing with carbon tetrachloride shall be contained in adequately 
ventilated fume hoods. An appropriate warning sign shall be placed on each hood. Call the 
Industrial Hygiene Group for signs. 
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3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Carbon tetrachloride shall be stored in sealed containers in an area or cabinet desig
nated for chemical carcinogens, and protected from possible breakage or leakage. Place an 
appropriate sign on entrances to storage areas. Call the Industrial Hygiene Group for signs. 
Quantities of carbon tetrachloride stored in the lab should be limited to operational requirements. 

5) Decontamination and Disposal. Carbon tetrachloride wastes not inactivated shall be collected 
into impermeable, closed, and labeled containers. All carcinogen waste in the laboratory shall be 
disposed of in a separate, tagged, carcinogen waste container. Contact the EH&S Chemical Dispo
sal Section to make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with carbon tetrachloride. Obviously contam
inated gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health ·and Safety Department at extension 
5829. . 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

CHLOROFORM 
CAS #67-66-3 

Synonyms: trichloromethane; methenyl chloride 
MW: 119.39 
Chemical Formula: CHCI3 

Chemical and Physical Properties: 
Description: clear, colorless liquid with a characteristic odor and burning sweet taste 
Freezing point: - 63SC 
Boiling point: 61-62oC 
Density: 1.484 (20°C) 
Vapor pressure: 160 mm Hg (20°C) 

Lawrence 
Berkeley 
Laboratory 

Solubility: 1 part soluble in 200 parts water; miscible with oils, ethanol, ether and other organic 
solvents 

Stability: when exposed to light and air breaks down to phosgene, HCI, and chlorine; non
flammable and noncombustible 

Reactivity: easily hydrolyzed by aqueous alkali to formic acid; incompatible with strong caustics 
and chemically active metals such as aluminum, magnesium powder, sodium, and potassium 

Fire and Explosion Hazards: May react explosively with fluorine, N20 4, AI, Li, Na, Najmethanol, 
NaOH/methanol, sodium methoxide. 

Toxic Hazard: Skin and eye irritant; poisonous, irritating gases produced when heated; liver and kid
ney damage. 

Cancer Hazard: Chloroform has been shown to produce benign and malignant kidney tumors in rats, 
and hepatocellular carcinomas in mice. 

Hygienic Standards: Threshold Limit Value= 10 ppm (ACGIH, 1986) 
Short Term Exposure Limit = 50 ppm (ACGIH, 1986) 
Immediate Danger to Life and Health = 1000 ppm 
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Operational Procedures: 

l) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures using chloroform shall be contained in adequately ventilated 
fume hoods. An appropriate warning sign shall be placed on each hood. Call the Industrial 
Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Chloroform shall be stored in sealed dark bottles, in an area or cabinet designated for 
chemical carcinogens; kept cool and protected from breakage. Place an appropriate sign on 
entrances to storage areas. Call the Industrial Hygiene Group for signs. Quantities of chloroform 
stored in the lab should be limited to operational requirements. 

5) Decontamination and Disposal. Chloroform can be degraded by hydrolysis with aqueous 
alkali. Wastes not inactivated shall be collected into impermeable, closed, and labeled containers. 
All carcinogen waste in the laboratory shall be disposed of in a separate, tagged, carcinogen waste 
container. Contact the EH&S Chemical Disposal Section to make arrangements for containers, 
tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with chloroform. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion -get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

FORMALDEHYDE 
CAS #50-00-0 

Synonyms: methanal; methyl aldehyde; formalin (37 to 50% aqueous solution) 
MW: 30.03 
Chemical Formula: CH20 

Chemical and Physical Properties: 
Description: clear, water-white, slightly acid, gas or liquid, pungent odor 
Freezing point: Gas : - 92oC 
Boiling point: Gas: ---' 19SC; Liq: 96oC 
flash point: 185°F (37% methanol-free) 
Specific gravity: Gas: 0.815@ -20oC/4°C; Liq: 1.081-1.085 25°/25oC 
Solubility: Very soluble in water, up to 55%; also soluble in alcohol, ether. 

Lawrence 
Berkeley 
Laboratory 

Stability: Readily polymerizable gas. Liquid usually contains methanol as an inhibitor. 
Reactivity: Reacts with N02 @ about 180°C; the reaction becomes explosive. Also reacts 

violently with (HC104 + aniline) and performic acid. Is a powerful reducing agent, especially 
in presence of alkali. 

Fire and Explosion Hazards: Air mixtures containing 7 to 73% are explosive. 
Toxic Hazard: Irritates the eyes, respiratory tract, and skin; individuals may become more susceptible 

on repeated exposure. 
Cancer Hazard: Formaldehyde has been shown to produce nasal cavity carcinomas in rats; demon

strated mutagenic activity in several test systems. Based on these results, formaldehyde is considered 
a cancer risk to humans. 

Hygienic Standards: Threshold Limit Value = 1 ppm (ACGIH, 1986) 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from liquid contamination by the use of 
removable dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures using formaldehyde shall be contained in adequately ventilated 
fume hoods. 
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3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Formaldehyde shall be stored in a sealed container and protected from breakage. 
Place an appropriate sign on entrances to storage areas. Call the Industrial Hygiene Group for 
signs. Quantities stored in the laboratory should be limited to operational requirements. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with formaldehyde. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 
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Carcinogen Safety Data Sheet 

HYDRAZINE 
CAS #302-01-2 

Synonyms: hydrazine anhydrous; hydrazine base; diamine; diamide 
MW: 32.05 
Chemical Formula: N2H4 

Chemical and Physical Properties: 
Description: colorless oily liquid; fuming in air. Odor resembles that of ammonia. 
Freezing point: l.4oC 
Boiling point: 113SC 
Specificgravity: 1.0036 @ 25o/4oC 
Vapor pressure: 10.4 mm Hg at 20oC 

Lawrence 
Berkeley 
Laboratory 

Solubility: Miscible with water and methyl, ethyl, propyl and isobutyl alcohols. Hydrazine dis
solves many inorganic substances. Insoluble in chloroform and ether. 

Reactivity: Explodes during distillation if traces of air are present; also affected by ultraviolet 
light and metal ion catalysts; a powerful reducing agent. 

Fire and Explosion Hazards: Severe when exposed to heat, flame, or oxidizing agents. Can self-ignite 
when absorbed on earth, asbestos, cloth, wood. It is a powerful explosive, much used in rocket fuels. 
When heated to decomposition, emits highly toxic fumes of nitrogen compounds. 

Toxic Hazard: Irritating to the eyes and respiratory tract; chemical burns can result from skin contact 
with the liquid; will penetrate the skin; can cause injury to liver and blood. 

Cancer Hazard: Hydrazine has been demonstrated to cause nasal tumors, thyroid adenocarcinomas, 
and lung adenomas in test animals. Considered to have the potential for causing cancer in man. 

Hygienic Standards: Threshold Limit Value = 0.1 ppm 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

'" 2) Fume Hoods. All procedures using hydrazine shall be contained in adequately ventilated fume 
hoods. An appropriate warning sign shall be placed on each hood. Call the Industrial Hygiene 
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Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Hydrazine should be stored in glass containers in a cool, dark place. Place an 
appropriate sign on entrances to storage areas. Call the Industrial Hygiene Group for signs. 

5) Decontamination and· Disposal. Hydrazine may be oxidized to nitrogen in aqueous solutions 
containing oxidants. Wastes not inactivated shall be collected into impermeable, closed, and 
labeled containers. All carcinogen waste in the laboratory shall be disposed of in a separate, 
tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to make 
arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with hydrazine. Obviously contaminated gloves 
and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. ' 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 
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Carcinogen Safety Data Sheet 

LEAD CHROMATE 
CAS# 18454-12-1 

Synonyms: chrome yellow; cologne yellow; crocoite 
MW: 323.22 
Chemical Formula: PbCr04 

Chemical and Physical Properties: 
Description: yellow, orange-yellow, crystals or powder 
Melting point: 844oC 
Specific gravity: 6.3 @ 19° /4oC 

Lawrence 
Berkeley 
Laboratory 

Solubility: Soluble in strong acids and alkalis and 5.8 J.Lg of lead chromate is soluble in 100 ml of 
water 

Stability: Decomposition upon boiling 
Reactivity: Reacts violently with ferric ferrocyanide 

Toxic Hazard: A hazard from both its lead and chromate content. 
Cancer Hazard: Some epidemiological evidence has indicated that it may lead to an increased 

incidence of lung cancer. 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures that may generate an airborne dust shall be contained in ade
quately ventilated fume hoods. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Containers of lead chromate shall be stored in an area or cabinet designated for chem
ical carcinogens, and protected from breakage. Place an appropriate sign on entrances to storage 
areas. Call the Industrial Hygiene Group for signs. 
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5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with lead chromate. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 
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Carcinogen Safety Data Sheet 

1,4-DIOXANE 
CAS # 123-91-1 

Lawrence 
Berkeley 
Laboratory 

Synonyms: p-dioxane; 1 ,4-diethylene dioxide; diethylene dioxide; diethylene ether; dioxan; di( ethylene 
oxide); 1 ,4-dioxacyclohexane 
MW: 88.11 
Chemical Formula: C4Hs02 

Chemical and Physical Properties: 
Description: colorless liquid with a mild ether-like odor; flammable 
Boiling point: 101.1 oc 
Melting point: ll.8oC 
Flash point: 12oC (open cup) 
Autoignition temperature: 180oC 
Vapor pressure: 29 mm Hg (20oC) 
Specific gravity: 1.0329 (20o/4oC) 
Solubility: miscible with most organic solvents, water, aromatic hydrocarbons, and oils 
Stability: stable to light but forms explosive peroxide in air, especially in the presence of moisture 
Reactivity: reacts with air (02) to form peroxide; incompatible with strong oxidizers 

Fire and Explosion Hazards: Dangerous fire hazard - flammable; flashbacks may occur, may explode; 
explosive limits: UEL (in air) 22%; LEL (in air) 2%. 

Toxic Hazard: Harmful, irritating vapor - skin, eye, and throat irritant; possible liver and kidney 
damage. 

Cancer Hazard: p-Dioxane has been shown to be a weak to moderate active hepatic carcinogen, pro
ducing nasal and liver tumors in rats and guinea pigs; active promoter of two-stage skin cancer in 
mice. 

Hygienic Standards: Threshold Limit Value = 25 ppm (ACGIH, 1986) 
Short Term Exposure Limit = 100 ppm (ACGIH, 1986) 
Immediate Danger to Life and Health = 200 ppm 
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Operational Procedures: 
I) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures dealing with p-dioxane shall be contained in adequately ven
tilated fume hoods. An appropriate warning sign shall be placed on each hood. Call the Indus
trial Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. p-Dioxane shall be stored in a sealed container in an area or cabinet designated for 
chemical carcinogens, and protected from breakage, high temperatures and exposure to air and 
moisture. Place an appropriate sign on entrances to storage areas. Call the Industrial Hygiene 
Group for signs. Quantities of p-dioxane stored in the lab should be limited to operational 
requirements. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

· 6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with p-dioxane. Obviously contaminated gloves 
and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University ofCalifornia, Berkeley. 

5-A24 

' 



Carcinogen Safety Data Sheet 

VINYL CHLORIDE 
CAS #75-01-4 

Synonyms: chloroethylene; VCL; vinyl C monomer 
MW: 62.50 
Chemical Formula: C2H3Cl 

Chemical and Physical Properties: 

Lawrence 
Berkeley 
Laboratory 

Description: colorless gas, sweet odor; flammable under normal conditions of temperature and 
pressure; usually handled as a liquid under pressure 

Melting point: - 160oC 
Boiling point: - 14oC 
Specific gravity: 0.9121 (20o/4°C) 
Vapor specific gravity: 2.2 
Vapor pressure: 2660 mm Hg (25°C) 
Flash point: -78oC 
Solubility: soluble in alcohol; dissolved by alcohol and ether; very soluble in ether, CC14, and ben

zene; slightly soluble in water 
Reactivity: monomer polymerizes in light or in the presence of a catalyst; on combustion, it is 

degraded mainly to HCI, CO, C02 and traces of phosgene (a poisonous gas); yields HCl on 
treatment with strong alkalies at high temperatures 

Fire and Explosion Hazards: Gas is flammable; combustible, poisonous gas is produced in a fire. 
Toxic Hazard: Has a narcotic action when inhaled; eye and throat irritant; weakly mutagenic in the 

Ames test. 
Cancer Hazard: Vinyl chloride has been shown to produce cancers of the digestive system and liver in 

test animals and angiosarcoma of the liver in humans. 
Hygienic Standards: Threshold Limit Value = 5 ppm (ACGIH, 1986) 

Operational Procedures: 
1) Surface Protection. Not applicable. 

2) Fume Hoods. All procedures using vinyl chloride shall be contained in adequately ventilated 
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fume hoods. An appropriate warning sign shall be placed on each hood. Call the Industrial 
Hygiene Group for signs. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Vinyl chloride shall be stored in a sealed container in a properly ventilated cabinet 
and protected from breakage. Place an appropriate sign on entrances to storage areas. Call the 
Industrial Hygiene Group for signs. Quantities of vinyl chloride stored in the laboratory should 
be limited to operational requirements. 

5) Decontamination and Disposal. Wastes not inactivated shall be collected into impermeable, 
closed, and labeled containers. All carcinogen waste in the laboratory shall be disposed of in a 
separate, tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to 
make arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with vinyl chloride. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area; if breathing stops, give artificial respiration. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. The Industrial Hygiene Group of the Environmental Health and Safety Department must be 
notified of its use so that specific guidelines can be established. Call on extension 5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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Carcinogen Safety Data Sheet 

ZINC CHROMATES 

Compounds: zinc chromate 
zinc chromite 
zinc bichromate 

Chemical and Physical Properties: 

ZnCr04 
ZnCr204 
ZnCr201 

Description: zinc chromate - lemon-yellow prisms 
zinc chromite - dark green to black cubes 
zinc bichromate - orange powder 

Solubility: All are soluble in acids, but sparingly soluble in water 

MW = 181.36 
MW = 233.36 
MW = 281.35 

Lawrence 
Berkeley 
Laboratory 

Toxic Hazard: High via intravenous route. Corrosive action on the skin and mucous membrane. 
When heated it evolves a fume of zinc oxide which, when inhaled fresh, can cause a disease known as 
"brass founders' ague." Inhalation of zinc fumes is not cumulative. Zinc salts in small doses cause 
disordered digestion and constipation. 

Cancer Hazard: Chromate salts are recognized carcinogens of the lungs, nasal cavity and paranasal 
sinus. They are experimental animal carcinogens of the stomach and larynx. 

Hygienic Standards: Threshold Limit Value= 0.05 mgjm3 

Operational Procedures: 
1) Surface Protection. All surfaces shall be protected from contamination by the use of removable 
dry absorbant plastic-backed paper or impervious trays. 

2) Fume Hoods. All procedures that may generate airborne dusts shall be contained in adequately 
ventilated fume hoods. 

3) Identification. Storage containers shall be identified with appropriate labels. Call the Industrial 
Hygiene Group for labels. 

4) Storage. Place an appropriate sign on entrances to storage areas. Call the Industrial Hygiene 
Group for signs. 

5) Decontamination and Disposal. Wastes shall be collected into impermeable, closed, and 
labeled containers. All carcinogen waste in the laboratory shall be disposed of in a separate, 
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tagged, carcinogen waste container. Contact the EH&S Chemical Disposal Section to make 
arrangements for containers, tags, and pick-ups. 

6) Personal Protective Equipment. Gloves, goggles or safety glasses, and protective clothing shall 
be worn whenever there is a potential for contact with zinc chromates. Obviously contaminated 
gloves and clothing shall be removed immediately and disposed of as contaminated wastes. 

7) Emergency Procedures. Skin contamination - remove contaminated clothing and wash area 
with soap and water; eye contamination - flush with water; ingestion - get medical attention by 
calling extension 5333 for on-site (hill) buildings, or 9-911 for off-site buildings; inhalation -
remove victim from contaminated area. 

8) Personal Hygiene. Eating, drinking, smoking, chewing of gum or tobacco, application of 
cosmetics, or storage of food in areas where this chemical is used shall be strictly prohibited. 

9) Pipetting. Mechanical pipetting aids shall be used for all procedures. Oral pipetting is strictly 
prohibited. 

The above procedures are intended to serve as general guidelines for the safe handling of chemical car
cinogens. Further questions concerning the health and safety of laboratory personnel should be directed 
to the Industrial Hygiene Group of the Environmental Health and Safety Department at extension 
5829. 

This information has been adapted from a safety directive prepared by the Office of Environmental 
Health and Safety, University of California, Berkeley. 
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CHAPTER 6 

CONFINED SPACE ENTRY 

A confined space is defined as any structure which must be entered 

and which has or may contain dangerous concentrations of hazardous gases 

or vapors or an oxygen deficient atmosphere. 

Entry to these spaces must be rigorously controlled to prevent 

serious injury or death. 

Hazardous conditions include, but are not limited to: 

o An atmosphere containing less than 19.5% oxygen (normal a~r 

contains 20.9% oxygen). This is usually the result of oxygen 

displacement by inert gases such as nitrogen, argon, helium, or 

sulfur hexafluoride. 

o Flammable gases and vapors (e.g., methane, ethane, propane, 

gasoline, methyl-ethyl ketone, alcohol). 

o Toxic gases and vapors (e.g., hydrogen sulfide, nitrogen dioxide, 

1,1,1 trichloroethane, perchloroethane, methylene chloride). 

The entry requirement established in "Safety Requirements for 

Working in Tanks and Confined Spaces," ANSI Z 117.1 - 1977, must be 

followed. Basic requirements are as follows: 

o Primary objective is to prevent oxygen-deficiency or other haz

ardous conditions. This shall be accomplished by accepted 

engineering control measures, such as general and local ventila

tion, and substitution of materials. Only when such controls are 

not possible shall respiratory protection be used. 
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o Written operating procedures governing the identification, test

ing, and entry into a confined space with a potential for oxygen 

deficiency shall be established by the operating personnel and 

approved by the Environmental Health and Safety (EH&S) Department. 

o Monitoring devices, audible alarms, warning lights, and 

instructional signs should be installed where there is a poten

tial oxygen-deficient atmosphere. These installations shall be 

approved by the EH&S Department. 

Before entry to a confined space, the following steps shall be taken: 

o An entry permit shall be issued to the worker by the responsible 

supervisor and reviewed by the EH&S Department. 

o Air quality shall be tested to determine the level of oxygen and 

toxic, or flammable air contaminants. 

o Air purging and ventilation shall be provided whenever possible. 

o The confined space shall be isolated from supply lines capable of 

creating hazardous conditions. 

o Lock-out procedures shall be used to secure electrical systems, 

pressure systems, piping, machinery, or moving equipment. 

If a person must enter a confined space containing hazardous gases, 

the following procedures must be taken: 

o Protective equipment must be worn--air supply respirator plus 

harness and lifeline. 

o. At least one person shall be stationed outside the confined 

space, with suitable respirator. 

o Communication with personnel in the confined space shall be 

maintained at all times. 
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CHAPTER 7 

CRYOGENIC SAFETY 

GENERAL 

Handling cryogenic fluids safely is largely a matter of knowing their 

properties and using common-sense procedures based on that knowledge. 

Liquified gases commonly used at LBL are fluids which have boiling 

points below -73.3°C. Some of the physical properties of these fluids 

are shown in Table 1. 

Table 1. Physical Properties of Some Cryogenic Fluids. 

Cryogen 

Properties Ar He Hz Ne Nz Oz 

Boiling Point 
(1 atm), OK 87.3 4.2 20.03 27.1 77.3 90.2 

Critical 
Temperature, OK 150.9 5.2 33.0 44.4 126.3 154.8 

Critical 
Pressure, atm 48.3 2.3 12.8 26.2 33.5 50.1 

Liquid Density, 
g/liter 1402 125 71 1206 808 1410 

Gas Density 
(300°K), g/liter 1.63 0.16 0.082 0.82 1.14 1.3 

Liquid to Gas 
Expansion Ratio 860 780 865 1470 710 875 

There are a number of general precautions and safety practices 

which must be observed because of the effects of the extremely low 

temperature of these gases and their high gas-to-liquid volume ratios. 
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Liquid nitrogen, for example, expands 700 times when changing from liquid 

to gas, and if confined 1n the original volume would create very high 

pressures. Certain specific precautions must be followed where particu

lar cryogenic fluids such as oxygen or other strong oxidizers may react 

chemically with contaminants, or a spill in a closed room displacing the 

a1r may present a life hazard. 

Cryogenic fluid systems must be installed and used in a manner that 

avoids injury to personnel and damage to property by using methods for 

preventing the occurrence of or minimizing the effects of malfunctions. 

Responsible and experienced personnel (the Mechanical Engineering Depart

ment Liaison Group) shall conduct periodic safety reviews of these systems 

to ensure that no potentially hazardous condition is overlooked and that 

the safety procedures are adequate. 

FACILITY DESIGN CRITERIA 

The design of a facility must take into consideration the nature, 

properties and hazards of the cryogenic fluid concerned. The following 

are principal safety considerations (see also PUB-3001, Rules and 

Procedures for the Design and Test of Hazardous Research Equipment, 

Section III: 

1. Design considerations must include safeguards for normal 

operations and emergency conditions such as equipment failure, explosion, 

and fire. Detection equipment and interlock and alarm instrumentation 

must be installed where required for added safety. Adequate ventilation 

must be provided for protection against toxicity, asphyxiation, or fire 
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hazard. Pockets where gases may collect, such as false ceilings and 

pits, must be avoided. 

2. Personnel protective equipment, fire fighting equipment, shut-off 

valves, and switches must be located where they will remain usable and 

available following an emergency or 'accident involving cryogenic fluids. 

EQUIPMENT DESIGN CRITERIA 

Design of equipment for cryogenic fluid systems shall conform to 

criteria specifically established for each system by the LBL Mechanical 

Engineering Department. Types of cryogenic equipment at LBL are targets, 

pulsed devices, traps, cryopanels, gas liquifiers, cryogenic supply 

tanks, dewar systems, etc. Selection of materials and components for 

such systems must be based on compatibility with the cryogenic liquid and 

the retention of necessary physical properties at the temperatures to be 

involved in system operation. 

Pressure relief devices must be installed in cryogenic systems where 

pressure buildup can occur during warm-up or where liquids might leak 

into vacuum spaces. 

Possible sources of ignition (static electricity, friction, sparks, 

etc.) must be eliminated in systems using a flammable cryogenic fluid. 

Vapors that originate from such a system shall be vented to the outside 

atmosphere Ln a controlled manner. Flammable gas detectors, strategically 

located at such systems, may be used to sound an early alarm and provide 

sufficient time for preventative measures (securing equipment and 

personnel evacuation). Flame arrestors shall be used in lines or vessels 

that may contain a mixture capable of propagating a flame front. 
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Care shall be taken in the design of cryogenic systems to prevent 

cryopumping of moisture from the air, resulting in ice plugs which might 

allow pressure build-up 1n unprotected sections of the system. 

An engineering note shall be written and filed with the Mechanical 

Engineering Department recording all required pressure tests of the cryo

genic system components. 

PERSONNEL CONTROLS 

All personnel working with cryogenic fluids shall be thoroughly 

familiar with the physical, chemical, and physiological hazards involved. 

They shall also be familiar with all emergency measures which might be 

required in the event of an accident. Employees who have not worked with 

cryogenic fluids and systems must be trained on the job by experienced 

employees until thorough familiarity with safe methods of operation is 

assured. Supervisors are responsible for making certain that all per

sonnel know when and how to use respiratory protective devices, safety 

glasses, face shields, gloves, and other protective clothing and 

equipment. 

Personnel shall leave an enclosed area immediately after a spill of 

more than one liter of cryogenic fluid because of the large volume of gas 

produced and the explosion and fir~ hazard if the fluid is flammable. 

Personnel shall not reenter the area until the air has been monitored to 

determine that no toxic or flammable mixture is present, and personnel 

must wear self-contained breathing apparatus until it is determined that 

oxygen content is not below 19.5%. 
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Personnel who suffer cryogenic frostbite should immediately immerse 

the affected part 1n warm water and then report to the Medical Services 

Department. 

OPERATIONAL CONTROLS 

During operation with cryogenic fluids, personnel must observe the 

safety practices as listed in PUB-3001, Section II. 

LIQUID HYDROGEN 

The experimental use of liquid hydrogen in any quantity requires 

approval by the Mechanical Safety Subcommittee. 

Several hazards associated with liquid hydrogen merit special 

attention: 

o Its extremely low temperature (20°K) and low heat of vaporiza

tion (215 cal/g mol) make it difficult to retain in storage. 

o As a gas, it has a very wide flammability range (4 to 75%), a 

low ignition temperature (585°C), and a rapid flame velocity 

(270 em/sec). 

Additional information on hydrogen 1s given 1n Chapter 13 on flammable 

gases. Safety rules for operation with liquid hydrogen are listed in 

PUB-3001, Sections II and III. 

LIQUID HELIUM 

At LBL, liquid helium is supplied in gas-shielded 100-liter Dewars 

and 10-, 15-, 25-, and SO-liter liquid nitrogen-shielded Dewars. The 
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main common hazard associated with liquid helium Dewars is the develop

ment of ice plugs because of their extreme low temperature (4.2°K) and 

the tendency to wipe air into the neck when the fill tube is inserted. 

An accumulation of solid air and water vapor can form an ice plug in the 

neck, and gas pressure will build up within the Dewar to the point of 

explosion if the Dewar is not unplugged immediately. Most single-exit 

helium vessels at LBL have been replaced by double-exit Dewars to prevent 

this condition. All filled helium and hydrogen Dewars are checked by a 

member of the Mechanical Engineering Department Liaison Group.several 

times a week. 

If a liquid helium or hydrogen Dewar becomes plugged, the Building 

Manager should be notified immediately and the Dewar reported to the 

Mechanical Engineering Department Liaison Group during day shift and to 

the Maintenance Technicians during night shift and on weekends. These 

groups have equipment and personnel for removing ice plugs. Additional 

safety information for plugged Dewars is listed in PUB-3001, Section II. 

SAFETY MANUALS AND REFERENCES 

Additional safety references for operation of cryogenic systems are 

the following: 

1. Liquified Atmospheric Gases, Form 9888-K, Union Carbide Corp., 

Linde Div. 

2. Safe and Efficient Handling of Liquid Helium, Form 11-785, 

Union Carbide Corp., Linde Div. 

3. Liquid Hydrogen, Form 9914-C. Union Carbide Corp., Linde Div. 
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• 

4. J. Grunder, A. Strasser, and R. A. Van Meter, Safe Handling of 

Liquid Hydrogen, Cryogenic Eng. News (August 1967). 

5. C. R. Wintersteen and R. C. Mathewson, Safe Handling of Liquid 

Hydrogen in the Laboratory, UCRL-3072 (1955). 

6. M. G. Zabetakis, Safety with Cryogenic Fluids (Plenum Press, 

1967) • 
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POLICY 

AUTHORITY HAVING 
JURISDicriON 

Revised 8/94 

Chapter 8 

ELECTRICAL SAFETY 

It is LBL policy to comply with DOE and OSHA regulations, the 
National Electrical Code, and other established safety standards to 
reduce or eliminate the dangers associated with the use of electrical 
energy. Every person on Laboratory property is exposed to electricity to 
some extent. The electrical safety program is intended to give those 
persons who may come in proximity with energized electrical parts in 
their work activities the minimum knowledge of safety and 
recommended practices necessary to protect against electrical shock or 
burns. It also provides hazard awareness information to those who use 
electrical equipment. 

Reading this chapter does not qualify the reader to perform electrical 
work. Guidelines that are beyond the scope of this document must be 
established at each work area. They should include, as a minimum, the 
safety concerns outlined herein. 

All electrical wiring and equipment must comply with the National 
Electrical Code, OSHA regulations, and numerous other established 
safety and engineering standards. This chapter is in no way to be 
construed as a synopsis of all electrical requirements, nor as a substitute 
for formal study, training, and experience in electrical design, 
construction, and maintenance. 

The Authority Having Jurisdiction (AHJ) is responsible for making 
interpretations and granting special permission as contemplated in the 
rules of the National Electrical Code. The AHJ is responsible for 
determining the acceptability of electrical installations. 

The Department of Energy is ultimately the AHJ for all facilities in the 
DOE complex and reserves the right to exercise this authority as 
necessary. 

The Associate Laboratory Director for Operations (ALD Operations) is 
the AHJ for all electrical installations within LBL. In the daily operation 
of the Laboratory, this responsibility is delegated as follows: 
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AUTHORITY HAVING FACILITIES MANAGER 
JURISDICTION (cont'd.] The Facilities Manager is delegated by the ALD Operations the 

responsibility for assuring compliance with all electrical safety and code 
requirements in the design, erection, construction, enlargement, 
alteration, moving, demolition, conversion, maintenance, and repair of 
all Laboratory buildings, structures, and utilities. Electrical code and 
safety AHJ decisions are vested in the Facilities Manager during the 
course of these activities. 

ELECTRICAL SAFETY 
Revision 1 

ENVIRONMENT HEALTH AND SAFETY DIVISION DIRECTOR 

The Environment Health and Safety Division Director is delegated 
major responsibility by the ALD Operations for assuring compliance 
with all electrical safety requirements that pertain to maintaining a safe 
working environment and protecting Laboratory employees and 
contract and subcontract personnel from injury or death as a result of 
electrical hazards. As the authorized representative of the EH&S 
Director, the Electrical Safety Engineer has the responsibility to: 

• Ensure the acceptability of experimental electrical wiring and 
apparatus. In this capacity the Electrical Safety Engineer will, as 
needed: 

- Review drawings, tests and other documentation provided by the 
project engineers, principal investigators (Pis), or other responsible 
parties for compliance with accepted safety criteria and code intent. 

- Consult with the appropriate specialists to verify that engineering, 
design, and construction parameters have been correctly applied. 

- Inspect power systems and incidental wiring related to the 
experiment. 

- Conduct other inspections and analyses as necessary to verify the 
acceptability of the apparatus involved. 

• Evaluate existing workplace safety by inspecting or assisting in the 
inspections of the workplace for National Electrical Code (NEC) 
compliance, as needed. For the purposes of this policy, a facility 
becomes a workplace once construction is completed and the facility is 
occupied by LBL employees. Prior to completion of construction, all 
NEC compliance is vested in the Facilities Manager , although EH&S 
may monitor construction sites for safety-related work practices and 
construction safety orders. 
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• Render independent NEC and OSHA interpretations, answer code 
questions, and provide NEC and OSHA information, as needed. 

• Approve alternatives to specific NEC requirements under exceptional 
circumstances as permitted by NEC and OSHA. 

ENGINEERING DIVISION DIRECTOR 

The Engineering Division Director is delegated the responsibility by the 
Associated Laboratory Director for Operations to: 

• Assure compliance with all electrical safety requirements for design, 
installation, maintenance, and repair of research equipment. 

• Provide testing and evaluation, as needed, for unique equipment. 

APPEALS 

The ALD Operations is responsible for adjudicating any appeals of AHJ 
decisions and for resolving conflicts between different AHJ entities. An·· 
appeals must be submitted' to the SRC via the Electrical Safety 
Subcommittee. These groups review the appeal and make 
recommendations to the ALD Operations for a final decision. 

OVERLAPPING RESPONSIBILITIES 

Many LBL activities and projects progress through different areas of 
responsibilities. Some or all of the delegated AHJ bodies may be 
involved in a given project at various times. Cooperation between 
groups is essential to assure safety and efficiency of execution. The ~HJ 
at each level should notify others who may be involved in subsequent 
decision making. If agreement cannot be reached, the appeals channels 
should be used to obtain an early resolution. 

ELECTRICAL SHOCK 

Electricity is one of the most commonly encountered hazards in any 
facility. Under normal conditions, protection from shock is afforded by 
the inherent safety features of the electrical utilization equipment. 
Nonetheless, accidental contact with electricity can cause serious injury 
or death. Most electrical systems establish a voltage reference point by 
connecting a portion of the system to an earth ground. Because these 
systems use conductors that have voltages with respect to ground, a 
shock hazard exists for workers who are in contact with the earth and 
exposed to the conductors. If people come in contact with a "live" 
(ungrounded) conductor while they are in contact with the ground, they 
become part of the circuit and current passes through their bodies. 
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The effects of electric current on .the human body depend on the 
following: 

• Circuit characteristics (current, resistance, frequency, and voltage-
60 Hz is the most dangerous frequency). 

• Contact and internal resistance of the body. 

• The current's pathway through the body, determined by contact 
location and internal body chemistry. 

• Duration of contact. 

• Environmental conditions affecting the body's contact resistance. 

The most damaging route of electricity is through the chest cavity or 
brain. Fatal ventricular fibrillation of the heart (stopping of rhythmic 
pumping action) can be initiated by a current flow of as little as several 
milliamperes. Nearly instantaneous fatalities can result from either 
direct paralysis of the respiratory system, failure of rhythmic pumping 
action, or immediate heart stoppage. Severe injuries, such as deep 
internal burns, can occur even if the current does not pass through the 
vital organs or nerve center. 

Table 8.1 is based on limited experiments performed on human subjects 
in 1961. These figures are not completely reliable due to the 
unavailability of additional data and the inherent physiological 
differences between people. Electricity should be considered potentially 
lethal at lower levels than those cited. 

BURNS 
Burns suffered in electrical accidents are of three basic types: electrical 
burns, arc burns, and thermal contact bums. In electrical burns, tissue 
damage (whether skin deep or deeper) occurs because the body is 
unable to dissipate the heat from the current flow. Typically, electrical 
burns are slow to heal. Arc bums are caused by electric arcs and are 
similar to heat bums from high-temperature sources. Temperatures 
generated by electric arcs can melt nearby material, vaporize metal in 
close vicinity, and bum flesh and ignite clothing at distances up to 3m 
(10 ft). Thermal contact burns are those normally experienced from skin 
contact with the hot surfaces of overheated electric conductors. 
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Table 8.1. Quantitative Effects of Electric Current on Man. a 

Effects Current, rnA 

Direct Current Alternating Current 

60Hz 10kHz 

Men Women Men Women Men Women 

Slight sensation on hand 1 0.6 0.4 0.3 7 5 

Perception threshold, median 6.2 3.5 1.1 0.7 12 8 

Shock-not painful and no 9 6 1.8 1.2 17 11 
loss of muscular control 

Painful shock-muscular 62 41 9 6 55 37 
control lost by 1/2% 

Painful shock-let-go 76 51 16 10.5 75 50 
threshold, median 

Painful and severe shock- 90 60 23 15 94 63 
breathing difficult, muscular 
control lost by 99.5% 

Possible ventricular fibrillation: 

Three-second shocks 500 500 100 100 

Short shocks (T in seconds) 165/..ff 165/ ..ff 

High-voltage surges sob sob 13.6b 13.6b 

a"Deleterious Effects of Electric Shock," Charles F. Dalziel, p. 24. Presented at a 
meeting of experts on electrical accidents and related matters, sponsored by the 
International Labour Office, World Health Office and International Electrotechnical 
Commission, Geneva, Switzerland, October 23-31, 1961. Reproduced by the Lawrence 
Berkeley Laboratory, Berkeley, California, with permission of the author. 
bEnergy in joules (watt·seconds). 

DELAYED EFFECTS 

Damage to the internal tissues may not be apparent immediately after 
contact with the current. Delayed internal tissue swelling and irritation 
are possible. Prompt medical attention can help minimize these effects 
and avoid death or long-term injury. 

OTHER HAZARDS 

Voltage sources that do not have dangerous current capabilities may not 
pose serious shock or bum hazards in themselves and therefore are often 
treated in a casual manner. However, they are frequently used adjacent 
to lethal circuits, and even a minor shock could cause a worker to 
rebound into a lethal circuit. Such an involuntary reaction may also 
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result in bruises, bone fractures, and even death from collisions or falls. 
Electricity poses other hazards. An arc is often created when a short 
circuit occurs or current flow is interrupted. If the current involved is 
strong enough, these arcs can cause injury or start a fire. Fires can also be 
started by overheated equipment or by conductors that carry too much 
current. Extremely high-energy arcs can cause an explosion that sends 
fragmented metal flying in all directions. Even low-energy arcs can 
cause violent explosions in explosive or combustible atmospheres. 

PRINCIPLES (IMPLEMENTATION POLICY) 

It is LBL policy to follow the fundamental principles of safety described 
below. A clear understanding of these principles increases the safety of 
those who work with or around electrical equipment. 

• Practice proper housekeeping and cleanliness. Poor housekeeping is 
a major factor in many accidents. A cluttered area is likely to be both 
unsafe and inefficient. Every employee is responsible for keeping a 
clean area, and every supervisor is responsible for ensuring that his or 
her areas of responsibility remain clean. 

• Identify hazards and anticipate problems. Think through what 
might go wrong and the consequences of that action. Do not hesitate 
to discuss any situation or question with your supervisor and co
workers. 

• Resist 11hurry-up" pressure. Program pressures should not cause you 
to bypass thoughtful consideration and planned procedures. 

• Design for safety. Consider safety to be an integral part of the design 
process. Protective devices, warning signs, and administrative 
procedures are supplements to good design-not a substitute for it. 
Engineering controls are always preferable to administrative controls. 
Completed designs should include provisions for safe maintenance. 

• Maintain for safety. Good maintenance is essential to safe operations. 
Maintenance procedures and schedules for servicing and maintaining 
equipment and facilities, including documentation of repairs, 
removals, replacements, and disposals, should be established. 

• Document your work. An up-to-date set of documentation adequate 
for operation, maintenance, testing, and safety should be available to 
anyone working on potentially hazardous equipment. Keep drawings 
and prints up to date. Dispose of obsolete drawings and be certain 
that active file drawings have the latest corrections. All facilities 
drawings are to be archived with the Records Analyst and Control 
Specialist (ext. 5259). 

8-6 Revised 8/94 



HAZARDS lcont'd.J 

SAFE WORK 
PRAaiCES 

Revised 8/94 

Health & Safety Manual, PUB-3000 

• Have designs reviewed. All systems and modifications to systems 
performing a safety function or controlling a potentially hazardous 
operation must be reviewed and approved at the level of project 
engineer or above. 

• Have designs and operation verified. All systems performing safety 
functions or controlling a potentially hazardous operation must be 
validated by actual test procedures before being placed in service, at 
least once a year, and anytime the system is suspected of malfunction. 
Both the procedures and actual tests must be documented. 

• Test equipment safety. Conduct tests with the electrical equipment 
de-energized, or, if the equipment cannot be de-energized, with 
reduced hazard. 

• Know emergency procedures. All persons working in areas of high 
hazard (with high-voltage power supplies, capacitor banks, etc.) must 
be trained in emergency response procedures, which should include 
cardiopulmonary resuscitation (CPR) certification. 

• Beware of wet areas. While working with liquids (e.g., washing, 
mopping, and spraying), exercise extra care to avoid contact with 
electrical outlets or devices. Cover electrical openings if liquids can 
penetrate them. If the openings cannot be covered, the power must be 
disconnected and locked. (See Chapter 18, Lockout/Tagout.) , 

• Use electrical devices only as intended. Electrical devices may not be 
modified beyond the intent of their design. Electrical equipment is 
only safe when it is used according to its intended purpose. Some 
examples of misuse of electrical equipment are: 

- Pulling out a plug by the cord rather than by the plug. 

- Inserting wires or objects other than a standard plug into a 
receptacle outlet. 

- Constructing home-made extension cords from standard junction 
boxes and receptacles (a "radar box"). 

- Deforming a contact to enable it to fit a receptacle for which it was 
not intended. 

• Always consider electrical equipment energized unless positively 
proven otherwise. When working on electrical equipment, treat the 
equipment as live until it is tested, locked, tagged, shorted and/or 
grounded, as appropriate. 
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• Re-set circuit breakers only after the problem has been corrected. 
When a circuit breaker or other overcurrent device trips, it is usually 
due to an overload or fault condition on the line. Repeated attempts to 
re-energize the breaker under these conditions may cause the breaker 
to explode. Do not attempt to re-set a circuit breaker unless the 
problem has first been identified and corrected or isolated. 

A qualified person is an individual recognized by Laboratory 
management as having sufficient understanding of the equipment, 
device, system, or facility to positively control any hazards it presents. 
Recognition for qualification for operating complex devices, systems, 
equipment and facilities, as determined by the appropriate Department 
Manager, should be in writing. 

Only those persons who are qualified and authorized may install, 
fabricate, repair, test, calibrate, or modify electrical wiring, devices, 
systems, or equipment. 

Qualification and authorization to perform electrical or electronics work 
is based on a combination of formal training, experience, and on-the-job 
training. 

On-the-job training should be documented to ensure that training is 
consistent for all employees with similar tasks. This document should be 
reviewed and approved by a person knowledgeable in safe work 
practices and familiar with the hazards of the apparatus. 

If work on energized components is anticipated, this training should 
cover: 

• Specific operations in which live work is anticipated. 

• Features of the equipment including any specialized configuration. 

• Location of energy-isolating devices. 

• Techniques, tools, and personal protective equipment used for this 
specific equipment. 

• Relevant documents such as wiring diagrams, schematics, service 
manuals, design packages and operating, testing, and calibrating 
procedures. 

• Systems energy control procedures, including energy-isolating 
devices, grounding and shorting procedures, and other energy control 
procedures. 

• Record-keeping and logging requirements. 
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SPECIFIC QUALIFICATIONS 

Only authorized Facilities Department personnel are considered by 
Laboratory management to be qualified to perform electrical wiring or 
other work directly connected to any facility electrical distribution 
system. This does not include the connection of cord- and plug
connected equipment into an appropriate facility receptacle, but does 
include permanent connections of (hard-wired) equipment to a facility 
system. 

Only appropriately qualified persons ~ay build, modify, or repair 
electronic or electrical equipment used at LBL. Supervisors are 
responsible for ensuring that employees or others under their 
supervision are qualified. The Electrical Safety Subcommittee advises 
Laboratory management of qualifying criteria for various work 
descriptions. 

ENERGIZED SYSTEMS It is Laboratory policy to de-energize live parts, when possible, before an 
employee works on or near them. (See Chapter 18, Lockout /Tagout.) This 
is the preferred method for protecting employees from electrical 
hazards. Personnel are permitted to work on or near exposed live parts 
only if an overriding reason necessitates the practice. Overriding reasons 
might include situations in which de-energizing would introduce 
additional or increased hazards or those in which de-energizing is not 
feasible due to equipment design or operational limitations. 

Revised 8/9.4 

Recognizing the hazards associated with various types of electrical 
procedures and equipment is of paramount importance in developing 
and applying safety guidelines for working on energized equipment. 

It is not feasible to develop a single set of safety requirements for 
energized work that covers every electrical task. It is the collective 
responsibility of worker, supervisor, and management to assure that the 
safeguards for a specific operation effectively protect the worker against 
electrical hazards. 

In general, electrical work at LBL can be organized into seven 
classifications, according to the degree of energy present, and three 
modes, according to the operational status of the equipment or system. 
See Tables 8.2 and 8.3. 
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• Mode 1 ("COLD") 

All operations are conducted in a positively de-energized state. All 
external sources of electrical energy are disconnected by some positive 
action-for example, with a locked and tagged out circuit breaker-and 
all internal energy sources are rendered safe. See Chapter 18, Lockout I 
Tagout. 

• Mode 2 ("COLD to HOT") 

All manipulative operations of uninsulated parts are conducted with the 
equipment in the positively de-energized state. When all manipulative 
operations are suspended, measurements and observation of equipment 
functions are conducted with the equipment energized and with some or 
all normal protective barriers removed and interlocks bypassed. Some 
Mode 2 examples are: 

• Making connections or alterations to normally energized components. 

• Working in close proximity to normally energized, exposed 
components. 

• Mode 3 ("HOT") 

Manipulative operations are conducted with the equipment fully 
energized and with some or all normal protective barriers removed. 

Mode 3 work in excess of 50 volts is a high-risk situation that is 
permitted only when justified. Tasks performed in this mode must be 
conducted under close supervision and control. Written approval of the 
documented justification and plan of work is frequently required. 

The following two tables define the classifications, minimum 
restrictions, and conditions for electrical work. Table 8.2 applies 
generally to work on utility power sources. Table 8.3 applies generally 
to work on power which is derived from equipment related to electronic 
or R&D functions. 
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Table 8.2. Utility Sources: Work Normally Performed by Qualified 
Electricians · 

Current 
Voltage a Capacity Hazard Remarks 

OasslA Secondary !5: 50 V ::;;so A Low Low-voltage control circuits 

Model • A qualified person may work alone. 

Mode2 • A qualified person may work alone. 

Mode3 • A qualified person may work alone. 

avoltage is line-to-ground or line-to-line, whichever is higher. 

Voltagea Hazard Remarks 

Class2A 50<V<250 Medium Low-voltage utility power 

Model • A qualified person may work alone. 

Mode2 • Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• Implied approval and general supervision are required. 

Mode3 • Insulated gloves and/ or insulated tools and/ or other insulating' 
personal protective equipment, as appropriate to the task, are 
required. 

• An applicable written and approved plan is required for all work. An 
open permit is allowed for routine maintenance and operations work. 

• A Safety Watch may be required when the hazard level is elevated by 
environmental or physical circumstances; it must be noted on the 
written work approval. 

• Specific approval from a lead electrician or supervisor is required. 
Implied approval is acceptable for routine maintenance and 
operations work. 

• Access must be restricted by ropes, barriers, or other means to exclude 
unauthorized personnel. 

avoltage is line-to-ground or line-to-line, whichever is higher. 
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Voltagea I Hazard J Remarks 
Class3A 250<V<600 I High I Medium-power utility ( < 600 V) 
Model • At least two qualified persons must be present until it has been 

clearly verified that the equipment has been de-energized. Then, 
one qualified person may work alone. 

Mode2 • While equipment is energized, at least two qualified persons must be 
present throughout the Mode 2 operation. 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• Implied approval and general supervision are required 

Mode3 • At least two qualified persons are required. One is a Safety Watch, 
stationed outside normal protective barriers and in continuous sight 
and sound communication with the worker(s). 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• An applicable written and approved plan is required for all work. 
Specific approval from a lead electrician or supervisor is also 
required. Implied approval is acceptable for routine maintenance 
and operations work. 

• Access must be restricted by ropes, barriers, or other means to 
exclude unauthorized personnel. 

avoltage is line-to-ground or line-to-line, whichever is higher. 
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Voltage3 Hazard Remarks 

Class4A ~600V Extreme High-power utility 

Model • At least two qualified persons must be present until it has been clearly 
verified that the equipment has been de-energized. Then, one 
qualified person may work alone. 

• Workers must wear eye protection, use insulated tools or insulated 
gloves, and use an insulating floor mat. All equipment must be rated 
for use with the expected hazards. 

Mode2 • At least two qualified persons are required. One is a Safety Watch, 
stationed outside normal protective barriers and within continuous 
sight and sound communication with the worker(s). The Safety 
Watch must not be distracted from this assignment at any time. 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• Implied approval and general supervision must exist. 

Mode3 • LBL personnel must not work on Class 4A equipment in Mode 3, 
except for certain testing procedures performed under a Facilities 
Department Switching Tag. 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• Only commercial power utility personnel or their subcontractors will 
work on energized Class 4 equipment, and they will follow their own 
procedures. 

• Access must be restricted by ropes, barriers, or other means to 
exclude unauthorized personnel. 

3Voltage is line-to-ground or line-to-line, whichever is higher. 
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Table 8.3. R&D Electronic/Electrical: Work Performed by Electronics 
Technicians or Other Qualified Personnel 

Current 
Voltagea Ca_p_acity Hazard Remarks 
Primary Primary See Class lA requirements 
< 150Vrms ~20A 

Class lB and Secondary ~lOOA Low Low voltage, low power 
~sov 

or Secondary ~SmA 

>50V High voltage, 
very low current 

and ~ 5 J stored energy 

Model • A qualified person may work alone. 

Mode2 • A qualified person may work alone. 
• Work on primary side of transformer must be performed according to 

utility power requirements. 
• If exposed voltages are less than 50 V differential or to ground, a 

Mode3 qualified person can work alone with implied approval and general 
supervision. 

• Otherwise, a qualified worker with implied approval and general 
supervision, must be in the presence of a required Safety Watch-
another individual who can provide or summon assistance. 

avoltage is line-to-ground or line-to-line, whichever is higher. 

Current 
Voltagea Capacity Hazard Remarks 

any ~sov >lOOA Low voltage, high current 

Class2B of 50<V~250 >5mA Medium Medium to high voltage 
and medium current 

these V>250 I~SOOW/V 

Model • One qualified person may work alone . 

Mode2 • At least two qualified persons must be present with implied approval 
and general supervision. 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are required. 

• At least two qualified persons, including the worker, must be in 

Mode3 continuous sight and sound communication. 
• Insulated gloves and/ or insulated tools and/ or other insulating 

personal protective equipment, as appropriate to the task, are required. 
• A written procedure must describe how the work is to be accomplished 

safely and why the work must be done with energized equipment. The 
work supervisor must sign the procedure and provide general 
supervision. 

• Access must be restricted by ropes, barriers, or other means to exclude 
unauthorized personnel. 

avoltage is line-to-ground or line-to-line, whichever is higher. 
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Voltagea Current Hazard Remarks 
Capacity 

Class3B >250V 1>500W/V 
High DANGER 

>5 J stored energy 
Model • At least two qualified persons must be present until it has been clearly 

verified that the equipment has been de-energized. Then, one 
qualified person may work alone. 

Mode2 i • Implied approval and general supervision are required. 
• Insulated gloves and/ or insulated tools and/ or other insulating . 

personal protective equipment, as appropriate to the task, are 
required. 

• At least two qualified persons are required, one as a Safety Watch, 
stationed outside normal protective barriers and in continuous sight 
and sound communication with the worker(s). The Safety Watch shall 
not be distracted from this assignment at an_y_time. 

Mode3 • A written procedure must describe how the work is to be 
accomplished safely and why the work must be done with the 
equipment energized. The work supervisor must sign the procedure 
and provide general supervision. 

• Insulated gloves and/ or insulated tools and/ or other insulating 
personal protective equipment, as appropriate to the task, are 
required. 

• Access must be restricted by ropes, barriers, or other means to exclude 
unauthorized personnel. 

avoltage is line-to-ground or line-to-line whichever is higher. 

AUTHORIZATION All energized electrical work above 50 volts in Mode 3 requires advance 
written supervisory authorization. (See sample sign-off sheet in the 
Appendix.) In the case of recurrent activities, such as maintenance, an 
open authorization may be used. In this case, a written record must be 
made of the open authorization, and the worker must understand the 
specific circumstances under which the energized work is permitted. 
Such circumstances may include verbal confirmation of each task. 

FABRICATION AND 
MAINTENANCE 
PRACTICES 

Revised 8/94 

' 

If circumstances dictate that written authorization cannot be obtained, 
such as during off-shift hours, the work may proceed with verbal 
authorization from the cognizant supervisor. This authorization should 
be transcribed to a sign-off sheet as soon as practicable. 

Design and construct equipment to protect personnel. First-line and 
backup safeguards should be provided to prevent personnel from 
accessing energized circuits. Establish periodic tests to verify that these 
protective systems are operative. 
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EQUIPMENT ACCEPTABILITY 

Electrical equipment is considered safe only when it is used as 
specifically intended by its listing and design. Equipment must not be 
altered beyond the original design intent and must not be used for any 
purpose other than that for which it was constructed. 

Any equipment that is being re-commissioned must be examined 
and/ or tested, as appropriate, to verify the status of all safety features 
and the integrity of construction. 

Electrical equipment must be listed or labeled by a Nationally 
Recognized Testing Laboratory (NRTL). An NRTL is recognized by 
OSHA as being capable of independently assessing equipment for 
compliance to safety requirements and applicable standards. As of this 
printing, OSHA has accredited the following organizations: 

• Canadian Standards Association (CSA). 
NOTE: CSA acceptance is limited to a range of specific products 
which conform to U.S. standards. 

• Communication Certification Laboratories (CCL). 

• ETL Testing Laboratories, Inc. (ETL). 

• Factory Mutual Research Corporation (FMRC). 

• MET Laboratories, Inc. (MET). 

• Southwest Research Institute (SWRI). 

• Underwriters Laboratories, Inc. (UL). 

• United States Testing Company, Inc. California Division (UST/CA). 

• Wyle Laboratories. 

EXCEPTION: With respect to equipment for which no NRTL 
acceptance exists, such as custom-made equipment, the following 
alternate methods of ensuring the safety of the product are acceptable: 

• The product must be designed and constructed according to 
applicable ANSI, UL, NEMA, and/ or IEEE standards. 

• The division responsible for the equipment must maintain all 
documentation pertaining to the design safety features of the 
equipment, including any test data. This documentation must be 
available to any safety inspector. 
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• The inspector may require that equipment that is not NRTL-listed 
undergo inspection and/ or testing for conformance to standards. 
Such testing should be documented and submitted to EH&S for 
approval. The inspection record must specify, at minimum: 

- Equipment identification. 

- Evaluator name, date, mailstop, and extension. 

- Standard to which equipment is being evaluated. 

- Specific tests, results, and areas of examination. 

- Any conditions of product acceptability or limitations of use. 

EQUIPMENT SAFETY PRACTICES 

• Cable Clamping 

A suitable mechanical-strain-relief device such as a cord grip, cable 
clamp, or plug must be used for any wire. or cable penetrating an 
enclosure where external movement or force can exert stress on the 
internal connection. Grommets, adlets, or similar devices must not be 
used as strain relief. 

• Emergency Lighting 

Make emergency lighting available in case normal lighting fails when 
work is being conducted on energized components. (Emergency lighting 
is not necessary for lA and lB work. See Tables 8.2 and 8.3.) 

• Flammable and Toxic Material Control 

Keep the use of flammable or toxic material to a minimum. A catch 
basin or other approved method must be provided to prevent the spread 
of these materials should the normal component case fail. 

• Isolation 

Isolate all sources of dangerous voltage and current with covers and 
enclosures. Access to lethal circuits (>50 V) must be either via screw-on 
panels (each containing no fewer than four screws or bolts) or via 
interlocked doors, panels, covers, etc. The frame or chassis of the 
conductive enclosure must be connected to a good electrical ground with 
a conductor capable of handling any potential fault current. 
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• Disconnecting Means and Overload Protection 

Provide overload protection and well-marked disconnects. Local "off" 
controls must be provided on remote-controlled equipment. 

All disconnects and breakers must be clearly labeled to identify the loads 
they control. 

• Power 

All ac and de power cabling to equipment not having a separate external 
ground but having line-to-line or line-to-ground voltage of 50 V or more 
must carry an equipment grounding conductor unless cabling is inside 
an interlocked enclosure, rack, grounded wireway, or conduit or feeds a 
commercial double-insulated or UL-listed ungrounded device. If the 
grounding of equipment introduces a greater hazard, the equipment 
must not be grounded. 

• Rating 

Operate all conductors, switches, resistors, etc., within their design 
capabilities. Pulsed equipment must not exceed either the average, the 
rms, or the peak rating of components. The equipment must be derated 
as necessary for the environment and the application of the components. 

• Safety Grounding of Capacitive Components 

Use automatic-discharge devices on equipment with stored energy of 5 J 
or more. Suitable and visible manual-grounding devices must also be 
provided to short-to-ground all dangerous equipment while work is 
being performed. 

• Electrical Equipment Rooms 

Place an identifying label or sign on the door when equipment that may 
require servicing, manipulation, or inspection is concealed in an 
equipment closet or otherwise is obscured behind doors or panels. 
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• Re-Use of Circuit Breakers 

Do not purchase used or reconditioned circuit breakers from vendors 
outside LBL. Re-use of LBL circuit breakers is permitted only after the 
circuit breaker has been tested by the Electric Shop. 

ENCLOSURES 

The following specifications apply to circuits operating at 50 V or more 
or storing more than 5 J. An enclosure may be a room, a barricaded area, 
or an equipment cabinet. 

• Access 

Interlock easily opened doors, hinged panels, etc. that allow ready access 
to exposed energized components so that the act of opening de-energizes 
the circuit. Automatic discharge of stored-energy devices must be 
provided. See the section Large Capacitor Hazards in this chapter. 

Doors should be key-locked, and the same key should also be used for 
the locks in the control-circuit interlock chain, if applicable. This key 
must not be able to be removed from the door unless the door is closed 
and locked. 

• Heat 

Mount heat-generating components, such as resistors, so that heat is 
safely dissipated and does not affect adjacent components. 

• Isolation 

Ensure that the enclosure physically prevents contact with live circuits. 
The enclosure can be constructed of conductive or nonconductive 
material. If conductive, the material must be electrically bonded and 
connected to a good electrical ground. These connections must be 
adequate to carry all potential fault currents. 

• Seismic Safety 

Secure all racks, cabinets, chassis, and auxiliary equipment against 
movement during earthquakes. (See Chapter 23, Seismic Safety.) 

• Strength 

Ensure that enclosures are strong enough to contain flying debris caused 
by component failure. 
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• Temporary Enclosure 

Temporary enclosures (of less than six-month duration) not conforming 
to the normal requirements may be used but must be considered Mode 3 
hazards. 

• Ventilation 

Ensure that ventilation is adequate to prevent overheated equipment 
and to purge toxic fumes produced by an equipment fault. Ventilation 
openings must not be obstructed. 

• VlsiiJIIII)f 

Ensure that enclosures large enough to be occupied by personnel allow 
exterior observation of equipment and personnel working inside the 
enclosure. 

• Warning Indicators 

When systems other than conventional facilities represent Class 4A or 3B 
hazards (see Tables 8.2 and 8.3), provide those systems with at least one 
of these safety measures: 

• A conspicuous visual indicator that is clearly visible from any point 
where a person might make hazardous contact or entry. 

• A clearly visible primary circuit breaker or "off" control button on the 
front of the enclosure. 

Be aware, however, that industrial systems may vary from these 
standards. 

CLEARANCE AROUND ELECTRICAL EQUIPMENT 

Maintain clearance space around power and lighting circuit breaker 
panels, motor controllers, and other electrical equipment. This clearance 
space ensures safe access for personnel who inspect, adjust, maintain, or 
modify energized equipment. 

For equipment operating at 600 V (nominal) or less, the minimum 
required clearance is an unobstructed space 76 em (30 in.) wide, 91 em 
(36 in.) deep, and 198 em (78 in.) high (measured from the floor). Some 
installations may require greater clearances. 
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Clearance space must not be used for storage or occupied by bookcases, 
desks, workbenches, or similar items. 

Clearance space is not required for wall switches, disconnect switches, 
Ramos-box-type combination multiple circuit breaker I outlet receptacle 
assemblies, and similar electrical equipment if: 

• Equipment can be positively de-energized for inspection, adjustment, 
or maintenance using approved lockout/tagout procedures, and 

• Readily accessible space is maintained around such equipment at all 
times. 

Readily accessible space enables an employee to quickly and effectively 
operate any circuit breaker handle or switch toggle, insert or remove any 
connector, or perform any similar act associated with the equipment 
without moving apparatus, climbing, or resorting to a ladder. 

Some Laboratory buildings, because of their age, have power and 
lighting circuit breaker panels that were installed prior to present 
working clearance codes and regulations. These installations may be 
acceptable, but must be evaluated to determine whether additional 
safety measures are necessary. The division occupying the building 
space should contact the EH&S Electrical Safety Engineer for evaluation. 

If a reduction in clearance is granted, the AHJ must attach a sign to the 
equipment indicating, at minimum: 

• Any special conditions on which the acceptance is based, such as: 

- Working conditions. 

- De-energization. 

- Lighting. 

• The new clearance dimensions. 

FLEXIBLE CORDS 

This instruction covers use of flexible cord as a wiring method and cord
and-plug assemblies that provide ac power for machines, laboratory 
equipment, and other scientific research apparatus. Because cord and 
plug connections are generally well understood, this instruction does not 
cover portable hand-operated power tools, small kitchen appliances, 
office equipment, electronic instruments, personal computers, and other 
similar equipment. 
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1. Pendants. 

2. Wiring of fixtures. 

3. Connections of portable lamps or appliances. 

4. Elevator cables. 

5. Crane and hoist wiring. 

6. Connecting stationary equipment that requires frequent interchange. 

7. Preventing transmission of noise or vibration. 

8. An appliance or equipment with fastenings and mechanical 
connections specifically designed to permit removal for maintenance 
and repair and intended or identified for flexible cord connection. 

9. Power cables (ac) for data processing equipment as permitted by 
NEC Article 645-5. 

10. Connecting moving parts. 

When flexible cords and cables are used in conditions 3, 6, or 8, above, 
they must be equipped with an approved attachment plug and 
energized from a receptacle outlet. Only qualified persons may install 
cord caps on cords. 

Flexible cord and cable, attachment plugs, and receptacles must be of the 
proper type, size, and voltage and current rating for the intended 
application. 

Branch circuits that feed cord-and-plug connected equipment must be 
designed in accordance with NEC Article 210, have overcurrent 
protection in accordance with NEC Article 240, and be properly 
grounded in accordance with NEC Article 250. 

All cord- and plug-connected equipment must be grounded with a 
correctly sized and identified equipment grounding conductor that is an 
integral part of the ac power cord or cable. Exception: Listed equipment 
that is protected by a double insulation system or its equivalent. 
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It is LBL policy to allow cord and plug connection of equipment that 
operates at 250 V or less and has a maximum circuit rating of 30 A. Any 
equipment operating at higher voltages or currents should be 
permanently connected. If a higher voltage or current cord and plug 
connection is desired, contact EH&S Electrical Safety (ext. 7067) for 
requirements and guidelines. 

• Forbidden Uses of Flexible Cables 

Article 400-8 of the NEC forbids flexible cord and cable to be: 

• Substituted for the fixed wiring of a structure. 

• Run through holes in walls, ceilings, or floors. 

• Run through doorways, windows, or similar openings. 

• Attached to building surfaces. 

• Concealed behind building walls, ceilings, or floors. 

• Installed in electrical raceways, unless specifically allowed by NEC 
provisions covering electrical raceways. 

Except for the temporary wiring provisions of NEC Article 305, the NEC 
does not allow the cord-and-plug connection of equipment to be 
energized from extension cords. Extension cords are not legal substitutes 
for the fixed wiring of a structure such as a receptacle outlet. 

In industrial locations, a suitable guard or cover must protect the 
interface between attachment plug and receptacle from intrusion of 
process waste or other foreign material. 

EXTENSION CORDS 

Extension cords provide a convenient method of bringing ac power to a 
device that is not located near a power source. They are used as 
temporary power sources. 

Extension cords are probably involved in more electrical code and safety 
violations than any other device at the Laboratory. They are stepped on, 
stretched, cut, overloaded, and, in general, used improperly. 

• Guidelines for the Safe Use of Extension Cords 

• Use only approved and properly maintained extension cords that 
have no exposed live parts, exposed ungrounded metal parts, 
damage, or splices. · 
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• Use only heavy-duty or extra-heavy-duty rated cable. 

• Use extension cords that are protected by a ground fault circuit 
interrupter (GFCI) around construction sites, in damp areas, or in an 
area where a person may be in direct contact with a solidly grounded 
conductive object (e.g., working in a vacuum tank). The GFCI can 
consist of a special circuit breaker, a GFCI outlet, or an extension cord 
with a built-in GFCI. 

• Ensure that the extension cord is of sufficient current-carrying 
capacity to power the device. Use of an undersized cord results in an 
overheated cord and insufficient voltage delivered to the device, thus 
causing device or cord failure and a fire hazard. 

• Always use three-conductor (grounded) extension cords-even if the 
device has a two-conductor cord. Never use two-conductor extension 
cords at the Laboratory. 

• Avoiding Misuse of Extension Cords 

Observe the following restrictions to avoid misuse of extension cords: 

• Do not use extension cords in place of permanent facility wiring. 

• Avoid running extension cords through doors, ceilings, windows, or 
holes in the walls. If it is necessary to run a cord through a doorway 
for short term use, ensure that the cord is: 

- Protected from damage. 

- Removed immediately when no longer in use. 

- Not a tripping hazard. 

• Do not daisy chain extension cords (i.e., plug one extension cord into 
another extension cord). 

• Do not overload extension cords. Make sure that the wire size is 
sufficient for the current required. 

• Do not cut off the ground pin of an extension cord or compromise the 
ground protection in any way. 

• Do not use extension cords with a ground conductor that has less 
current-carrying capacity than the other conductors. 

• Do not use frayed or damaged extension cords. 
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• Never splice extension cords, even for a repair. If an extension cord is 
damaged, it may be made into two cords, provided the proper 
connectors are used in a proper manner. Only qualified personnel 
may install cord caps for use with potentials greater than 50 V. 

• Only qualified personnel may make repairs of extension cords. 

• Acceptable Combinations 

There are very few acceptable combinations of extension cords and 
devices. Some acceptable combinations are: 

• Extension cord to device (electrical utilization equipment). 

• Power strip to device. 

• Surge protector (with cord) to device. 

• Direct surge protector to extension cord to device. 

• Direct surge protector to power strip to device. 

-The following four conditions are not recommended, but will be 
accepted to provide power to personal computer systems when there is 
no other reasonable way to do so. Only one extension cord will be 
allowed in each configuration. The conditions are: 

• Power strip (with overcurrent protection) to extension cord (single 
outlet) to device. 

• Extension cord (single outlet) to power strip (overcurrent protection) 
to device. 

• Direct surge protector to power strip (overcurrent protection) to 
extension cord (single outlet) to device. 

• Direct surge protector to extension cord (single outlet) to power strip 
( overcurrent protection) to device. 

POWER STRIPS 

A power strip is a variation of an extension cord, where the cord 
terminates in a row or grouping of receptacles. Power strips are 
commonly used in offices to provide multiple receptacles to office 
equipment. In general, all rules pertaining to extension cords also apply 
to power strips. 
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Additional considerations are: 

• Only use approved LBL Stores items. The presence of a UL (or other 
NRTL) label does not necessarily mean the device is approved for LBL 
usage. 

• Do not permanently mount power strips to any facility surface. Power 
strips are classified as temporary devices. It is acceptable to hang them 
from screws or hooks if they are manufactured with slots or keyholes. 

• In equipment racks, the preferred method of supplying 120/208-V 
utility power to rack-mounted instruments is via a special power strip 
specifically designed to be rack-installed. 

GROUND FAULT CIRCUIT INTERRUPTERS (GFCis) 

GFCis are designed to protect a person from electric shock when he or 
she simultaneously contacts a "live" (usually 120 V) wire or part and a 
grounded object. The GFCI works by sensing a difference between the 
supply and return currents. When the difference exceeds 5 rnA
indicating that current is flowing to ground (through the person)-the 
device switches off. 

Although the GFCI is an effective safety device, it is not a guarantee 
against shock in every situation. The GFCI does not protect against a 
line-to-neutral or a line-to-line shock. Also, if GFCI-protected equipment 
contains transformers, a ground fault (shock) on the secondary side of 
the transformer may not trip the GFCI. 

GFCis are normally installed as either circuit breakers or receptacles. In 
either case, the GFCI may be wired to protect multiple receptacles. 
Individual GFCI plug-in adapters are also available. 

LBL requires GFCI protection for the following conditions: 

1. Any 120-V convenience outlet located within 2m (6ft) of a sink. 

2. Any 120-V convenience outlet located outdoors. 

3. Any 120-V convenience outlet located within 2m (6ft) of a "massive 
ground." (A massive ground is a large area of metal, wet earth, or 
other highly conductive surface that enhances the conductivity to 
ground of the person touching it.) 
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4. Any extension cord providing power for construction activities. 

5. Any resistance heating equipment not having a metal covering, such 
as heating tapes. 

It is LBL policy to implement the GFCI requirements in conditions 1, 2, 
and 3 above on a phase-in basis. Any new or remodel construction will 
include the GFCis as specified. Existing locations should be prioritized 
for retrof~tting according to relative risk. For example, locations near 
sinks with heavy electrical use should be retrofitted immediately with 
GFCI protection. 

GFCis must be tested at least at 30-day intervals. Push the "test" button 
and observe the "reset" button pop out and the receptacle turn off. If this 
does not happen, the GFCI is not functional and must be replaced. 

CAUTION: Testing of a GFCI will disconnect all receptacles protected by 
the GFCI. Before testing, determine which receptacles are protected. 
Verify that the interruption of power will not adversely affect other 
activities. 

PORTABLE WORKBENCHES 

This section covers laboratory and shop workbenches that can be moved 
by sliding, rolling, etc. It does not cover built-in workbench assemblies 
that are permanently attached to structure surfaces. Such built-in 
assemblies must use appropriate fixed-wiring methods to provide 
power for receptacles, lighting fixtures, ventilation fans, etc., as 
described in Chapter 3 of the NEC. 

Flexible cord and plug assemblies may be used to provide ac power to 
portable workbenches only when: 

• The branch circuit voltage supplying the workbench is 150 V or less. 

• The overcurrent protection device rating on the branch circuit 
supplying the workbench is 20 A or less. 

• The flexible cord is no longer than 4.5 m (15 ft), is attached to the 
workbench with an approved tapered rubber bushing cord grip 
fitting, is no smaller than #14 A WG, is type-listed under NEC Article 
400 as "Extra Hard Usage" (Type SO, G, W, etc.), is protected from 
physical damage, is routed to prevent tripping hazards, and is 
terminated in a Listed attachment plug and mating receptacle 
interface that has the proper voltage and current rating for the branch 
circuit feeding the workbench. 
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• Each workbench has its own cord, attachment plug, and branch circuit 
receptacle. Workbenches must not be parallel fed or daisy chained by 
plugging their power cords into a receptacle located on another 
workbench. , 

• Each workbench wiring system has equipment grounding protection 
that consists of a correctly sized and identified equipment grounding 
conductor. This grounding conductor must be an integral part of the 
flexible cord. Grounding circuit continuity must be provided by the 
branch circuit wiring feeding the workbench and at the interface 
between attachment plug and receptacle. 

• All metal surfaces of the workbench assembly that are likely to 
become energized by an electrical fault are properly bonded to the 
equipment grounding conductor in accordance with NEC Article 250. 

• The number of workbench receptacle outlets is limited to no more 
than 10 duplex receptacles or 3linear meters (10 linear ft) of wire 
mold plug strip on a 15-A branch circuit, or 13 duplex receptacles or 4 
linear meters (13linear ft) of an approved multi-outlet assembly on a 
20-A branch circuit. In any case, the continuous load fed by the 
workbench outlet receptacles must not exceed 80% of the rating of the 
branch circuit that feeds the workbench. · 

• Each workbench has proper seismic anchoring or other restraint 
against unintentional movement so that the cord-and-plug AC input 
power assembly is protected from damage resulting from tension, 
pinching, crushing, etc. (See Chapter 23, Seismic Safety.) 

• If the bench is fitted with a metallic or otherwise conductive work 
surface, the workbench wiring system is protected by an approved 
GFCI. 

NON-COMBUSTIBLE INSULATED ELECTRICAL CABLE 

DOE and NFPA 70, the National Electrical Code, require the use of flame 
retardant electrical cables in buildings. Specifically, cables installed in 
open cable trays, in building vertical shafts (risers), and in air plenums 
must have a flame retardant outer jacket. 

The extra-flexible cables A WG #2 and A WG #12 with the transparent 
covers designed for use with ground hooks (Stock Nos. 6145-51726 and 
6145-71376, respectively) are not rated for use in plenums, risers, or 
trays. 

All Laboratory research divisions and support groups are responsible for 
ensuring that properly rated and listed cables are used in installations 
where the cable is exposed in cable trays, air plenums, building risers, or 
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in experimental areas. For assistance in determining the correct type of 
cable to use in wiring buildings, contact Facilities (ext. 5220). For 
assistance with the wiring of research equipment, contact Electronics 
Engineering (ext. 6287). 

POWER SUPPLIES 

• Primary Disconnect 

Provide a lockable means of positively disconnecting the input on large 
power supplies (most Class 2A-, 3A-, and 3B-rated units-see Tables 8.2 
and 8.3). This disconnect must be clearly marked and accessible. 

If provided with a built-in lock that is part of an interlock chain, the key 
must not be removable unless the switch or breaker is in the "off" 
position. 

• Overload Protection 

Overload protection must be provided on the input and should be 
provided on the output. 

FLOATING POWER SUPPLIES 

Some research equipment (e.g., electrophoresis devices, x-ray tubes, and 
ion-bombardment power supplies) employs ungrounded (floating) 
power supplies. This equipment may operate in voltages ranging from 
50 V to kilovolts with output capacities in excess of 50 rnA and must be 
considered a lethal electrical hazard. Users of such equipment must take 
special precautions to minimize electrical hazards. Follow all 
manufacturers instructions for equipment use, testing, and training. The 
following general guidelines also apply: 

• Locate equipment away from water and large metal areas. 

• Do not use connectors and jack fittings that allow accidental skin 
contact with energized parts. 

• Interlock readily accessible enclosures. 

• Use non-metallic secondary containment if liquids or gels are 
involved. 

• Verify the power supply is floating when commissioning and 
recommissioning the equipment and at least once a year. 
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LARGE CAPACITOR HAZARDS 

This section describes the hazards associated with capacitors capable of 
storing more than 5 J of energy. 

Capacitors may store hazardous energy even after the equipment has 
been de-energized and may build up a dangerous residual charge 
without an external source. "Grounding" capacitors in series, for 
example, may transfer rather than discharge the stored energy. Another 
hazard exists when a capacitor is subjected to high currents that may 
cause heating and explosion. 

Capacitors may be used to store large amounts of energy. An internal 
failure of one capacitor in a bank frequently results in an explosion when 
all other capacitors in the bank discharge into the fault. The threshold 
energy for explosive failure of metal cans is approximately 104 J. 

High-voltage cables should be treated as capacitors because they have 
capacitance and thus can store energy. 

The liquid dielectric in many capacitors, or its combustion products, 
may be toxic. 

• Safety Practices for Capacitors 

Automatic Discharge 

Use permanently connected bleeder resistors when practical. Capacitors 
in series should have separate bleeders. Automatic-shorting devices that 
operate when the equipment is de-energized or the enclosure is opened 
must be used. The time required for a capacitor to discharge to safe 
voltage (50 V or less) must not be greater than the time needed for 
personnel to gain access to the voltage terminals. In no case must it be 
longer than 5 min. 

In the case of equipment with stored energy in excess of 5 J, an 
automatic, mechanical-discharging device must be provided that 
functions when normal access ports are opened. 

This device must be contained locally within a protective barrier to 
ensure wiring integrity and should be in plain view of the person 
entering the protective barrier so that the in:dividual can verify its proper 
functioning. Protection also must be provided against the hazard of the 
discharge itself. 
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Safety Grounding 

Provide fully visible, manual-grounding devices to render the capacitors 
safe while they are being worked on. Clearly mark grounding points and 
use caution to prevent transferring charges to other capacitors. · 

Ground Hooks 

All ground hooks must: 

• Have crimped and soldered conductors. 

• Be connected such that impedance is less than 0.1 0 to ground. 

• Have the cable conductor clearly visible through its insulation. 

• Have a cable conductor size of at least #2 extra flexible, or in special 
conditions a conductor capable of carrying any potential current. 

• Be in sufficient number to conveniently and adequately ground all 
designated points. 

• Be grounded and stored in the immediate area of the equipment in a 
manner that ensures they are used. 

In equipment with stored energy in excess of 5 J, a discharge point with 
an impedance capable of limiting the current to 500 A or less should be 
provided. This discharge point must be identified with a yellow circular 
marker with a red slash and must be labeled "Ill Z PT" in large, 
readable letters. A properly installed grounding hook must first be 
connected to the current-limiting discharge point and then to a low
impedance discharge point (less than 0.1 0) that is identified by a yellow 
circular marker. The grounding hooks must be left on all of these low
impedance points during the time of safe access. The low-impedance 
points must be provided, whether or not the ID-Z current-limiting 
points are needed. Voltage indicators that are visible from all normal 
entry points should also be provided. 

Fusing 

Capacitors used in parallel should be individually fused when possible 
to prevent the stored energy from dumping into a faulted capacitor. 
Care must be taken in place~ent of automatic-discharge safety devices 
with respect to fuses. If the discharge will flow through the fuses, a 
prominent warning sign must be placed at each entry indicating that 
each capacitor must be manually grounded before work can begin. 
Special knowledge is required for high-voltage and high-energy 
fusing. 
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Unused Terminal Shorting 

Terminals of all unused capacitors representing a hazard or capable of 
storing 5 J or more must be visibly shorted. 

INDUCTOR AND MAGNET HAZARDS 

This section describes inductors and magnets that can store more than 
5 J of energy or that operate at 50 V or more. The following are some 
hazards peculiar to inductors and magnets: 

• The ability of an inductor to release stored energy at a much higher 
voltage than that used to charge it. 

• Stray magnetic fields that attract magnetic materials. 

• Time-varying stray fields that induce eddy currents in conductive 
material thereby causing heating and mechanical stress. 

• Time-varying magnetic fields that may induce unwanted voltages at 
inductor or magnet terminals. 

• Safety Pradlces 

• Automatic Discharge. Use freewheeling diodes, varistors, thyrites, or 
other automatic shorting devices to provide a current path when 
excitation is interrupted. 

• Connections. Pay particular attention to connections in the current 
path of inductive circuits. Poor connections may cause destructive 
arcing. 

• Cooling. Many inductors and magnets are liquid-cooled. The unit 
should be protected by thermal interlocks on the outlet of each 
parallel coolant path, and a flow interlock should be included for each 
device. 

• Eddy Currents. Units with pulsed or varying fields must have a 
minimum of eddy-current circuits. If large eddy-current circuits are 
unavoidable, they should be mechanically secure and able to safely 
dissipate any heat produced. 

• Grounding. Ground the frames and cores of magnets, transformers, 
and inductors. 

• Rotating Electrical Machinery. Beware of the hazards of residual 
voltages that exist until rotating electrical equipment comes to a full 
stop. 

8-32 Revised 8/94 



CONTROL AND 
INSTRUMENTATION 

Revised 8/94 

Health & Safety Manual, PUB-3000 

Proper philosophy is vital to the safe design of most control applications. 
The following checklist should be used as a guide. 

• Checkout. Check interlock chains for proper operation after 
installation, after any modification, and during periodic routine 
testing. 

• Fail-safe design. Design all control circuits to be "fail-safe." Starting 
with a breaker or fuse, the circuit should go through all the interlocks 
in series to momentary on~off switches that energize and "seal in" a 
control relay. Any open circuit or short circuit will de-energize the 
control circuit and must be reset by overt act. 

• Interlock Bypass Safeguards. Establish a systematic procedure for 
temporarily bypassing interlocks. Follow-up procedure s~ould be 
included to ensure removal of the bypass as soon as possible. When 
many control-circuit points are available at one location, the 
bypassing should be made through the normally open contacts of 
relays provided for this purpose. In an emergency, these relays can be 
opened from a remote control area. 

• Isolation. Isolate control power from higher power circuits by 
transformers, contactors, or other means. Control power should be 
not more than 120 V, ac or de. All circuits should use the same phase 
or polarity so that no hazardous additive voltages are present between 
control circuits or in any interconnect system. Control-circuit currents 
should not exceed 5 A. 

• Lock-out. Use a keyed switch in interlock chains to provide positive 
control of circuit use. To ensure power removal before anyone enters 
the enclosure, this same key should also be used to gain access to the 
controlled equipment. 

• Motor Control Circuits Motor circuits must have a positive 
disconnect within view of the motor or, if this is not practical, a 
disconnect that can be locked open by the person working on these 
motor circuits. 

• Overvoltage Protection. Control and instrumentation circuits used 
with high-voltage equipment must have provision for shorting fault
induced high voltages to ground. High-voltage fuses with a high
current, low-voltage spark gap downstream from the high-voltage 
source are recommended. This also applies to all circuits penetrating 
high-voltage enclosures. 
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• Voltage Divider Protection. The output of voltage dividers used with 
high voltages must be protected from overvoltage-to-ground within 
the high-voltage area by spark gaps, neon bulbs, or other appropriate 
means. 

• Current Monitors. Measure currents with a shunt that has one side 
grounded or with current transformers that must be either loaded or 
shorted at all times. 

• Instrument Accuracy. Check instrumentation for function and 
calibration on a routine basis. 

The Electrical Safety Program is the responsibility of: 

• Environment, Health & Safety Division (EH&S). 

• Electrical Safety Engineer. 

• Facilities Department. 

• Engineering Division. 

• Electrical Safety Subcommittee. 

• Division Directors. 

• Supervisors. 

• Individual employees. 

ELECTRICAL SAFETY SUBCOMMITTEE 

The Electrical Safety Subcommittee is a Subcommittee of the LBL Safety 
Review Committee. As such, the Electrical Safety Subcommittee may be 
requested to review questions of safety policy and to make 
recommendations to the Safety Review Committee, the Director of 
EH&S, or the ALD Operations, as appropriate. The Subcommittee may 
be requested to review electrical and electronic equipment and their 
installations at LBL from the standpoint of personnel and equipment 
safety. 

DIVISION DIRECTORS 

Division Directors, by virtue of the delegation of responsibility for all 
aspects of occupational health and safety through line management, are 
responsible to the Laboratory Director for assuring compliance with all 
electrical safety requirements pertaining to all programs, activities, and 
facilities within their respective divisions or areas of responsibility. 
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SUPERVISORS 

Each employee functioning in a supervisory capacity has specific safety 
responsibilities. He or she must: 

• Develop an attitude and awareness of safety in those being supervised 
and ensure that individual safety policies are fully carried out. 

• Maintain a safe work environment and take corrective action on any 
potentially hazardous operation or condition. 

• Ensure that supervised personnel are knowledgeable and trained in 
the tasks they are performing. 

EMPLOYEES 

Individual employees are responsible for their own and their coworkers' 
safety. Each must: 

• Become acquainted with all potential hazards in the area in which 
they work. 

• Learn a'nd follow the appropriate standards, procedures, and hazard 
control methods. 

• Never undertake a potentially hazardous operation without 
consulting with an appropriate supervisor. Stop any operation 
believed to be hazardous. 

• Notify a supervisor of any condition or behavior that poses a potential 
hazard. 

• Wear and use appropriate personal protective equipment. 

• Immediately report any occupational injury or illness to the Medical 
Department and the appropriate supervisor. 

• LBL course Lock Out /Tagout Training (EHS-256 or -257) is required for 
anyone who will perform maintenance on equipment that poses a 
hazard if accidentally energized. 

• LBL courses CPR (EH5-123) and First Aid (EHS-116) are required for 
all persons working in high-hazard areas and for persons serving as a 
Required Safety Watch. 

• LBL course Electrical Self-Assessment Training (EH5-261) is optional. 

• Various levels of electrical safety training are offered by the 
Laboratory on an as-need basis. Training is being developed that will 
be available to affected employees on a regular basis. 
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• 29 CFR Part 1910, Occupational Safety and Health Standards, Department 
of Labor 

• 29 CFR Part 1926, Safety and Health Regulations for Construction, 
Department of Labor 

• California Code of Regulations, Title 8, General Industrial Safety Orders 

• California Code of Regulations, Title 24, Part 3, California Electrical 
Code 

• DOE Order 6430.1A, General Design Criteria 

• NFPA 70, National Electrical Code, 1993 

• NFP A 70E, Electrical Safety Requirements for Employee Workplaces 

• NFPA 79, Electrical Standard for Industrial Machinery 

• NFP A 101, Life Safety Code 

• NFPA 110, Power Systems, Emergency and Standby 
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APPENDIX 
SAMPLE SIGN-OFF SHEET FOR WORKING ON 
ENERGIZED ELECTRICAL EQUIPMENT 
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Sign-Off Sheet For Work On Energized Electrical Equipment 

Engineering order or work request number: 

Name and location of equipment: 

Reason for electrical equipment to remain energized: 
( 

Work to be performed on equipment (brief outline of method, including safety items): 

Work scheduled: 

Signed by: 

ELECTRICAL SAFETY 
Revision 1 

Date Time 

Person-in-Charge Date 

1 . Qualified person performing work Date 

· 2. Qualified person performing work Date 
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CHAPTER 9 

EMERGENCY PLANS 

GENERAL 

During every emergency, the Laboratory requires an organized effort 

be made to protect personnel from further injury and to minimize property 

damage. 

All the Laboratory's resources can be made available to control an 

emergency. Each supervisor must know what to do during an emergency 1n 

his/her area and must be certain that his/her employees understand their 

roles. 

MASTER EMERGENCY PLAN 

The Laboratory's Master Emergency Plan delineates lines of authority 

and responsibility for emergency response and was prepared with the 

Director's Office approval. The Director's Office has the ultimate re-

sponsibility for emergency response and constitutes the emergency control 

center for maJor emergencies. In this context a MAJOR emergency may be 

one of the following: a potential major loss to a building or facility; 

an emergency that involves more than one building or facility; a situa-

tion where a choice must be made in the assignment of relative levels of 

authority among responding emergency units; a potential hazard to the 

surrounding community; threats to the Laboratory; civil disturbances; 

civil alerts; natural disasters such as earthquakes, floods, and land-

slides; and power and other utility failures~ 

The Director's Office has the responsibility for Laboratory response 

I • during an emergency, and, at a given level of severity as described 
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above, may become directly involved. In this event, the prime function 

of this organization is to assure that priorities are established, that 

the type and level of response is appropriate and adequate, and that these 

measures are implemented. In most cases, however, the direct involvement 

of this organization in local supervision and remedial action will not be 

necessary. In most circumstances, adequate emergency response will be 

taken at the group and department levels, with support from protective 

services, fire, medical services, and other support departments. However, 

if in the judgment of the Director's Office the nature, magnitude, or 

potential of the emergency is greater than can be adequately handled at 

the department or group level, the Director's Office will assume control 

of the situation. A decision may also be made at the department or group 

level to ask for assistance from the Director's Office. 

As a practical matter it must be recognized that Director's Office 

personnel are normally on site only five of the twenty-one shifts per 

week. Thus, there may be considerable time delay before the Director's 

Office personnel can assume on-site direction of major emergencies. This 

points out the importance of local initiative, at least at the onset. 

The underlying philosophy of the Laboratory plans for response to an 

emergency is the recognition that each employee has a vital role and a 

basic responsibility in the area of safety and emergency action. The 

only reasonable expectation is that at the onset of an emergency the 

initial response will be at the individual level. 

Immediate and knowledgeable action is vital. The emergency plans 

for individual buildings and facilities set forth the response to be 

taken by employees following the discovery of an emergency. Subsequent 

9-2 

)· 



/ to the immediate measures taken by the individual, the responsibility for 

action will normally proceed upward through normal departmental lines of 

authority to the Building Manager and to Laboratory emergency groups. 

Involvement of individuals at a higher level of responsibility will depend 

on the particular situation. 

To reiterate, levels of responsibility proceed downward from the 

Director; action and response levels proceed upward from the first person 

involved and may ultimately involve the Director. 

The Emergency Control Coordinator is the person 1n charge of the 

specialized personnel invoked to handle the emergency. An orderly trans-

fer of responsibility is then made from the local building or facility 

organization to this responding unit. The examples listed below illus-

trate the person who would be the Emergency Coordinator for the following 

types of emergencies: 

Injury • 

Fire • • 

Bomb Threat ••. 

Civil Disturbance. 

Radioactive Spills ••• 

Power Outage • . • 

Mechanical Utility Failures. 

.•• Physician 

Fire Chief or alternate 

.• Chief of Police or alternate 

• • Chief of Police or alternate 

. Environmental Health & Safety 
Department Operations Group 
Leader or alternate 

•• Plant Power Engineer 

• Construction and Maintenance 
Department Superintendent 

Structural Plant Failures ••••• Plant Engineer or alternate 

Landslide. 

Chemical Spill 

. Plant Engineer or alternate 

• • Environmental Health & Safety 
Department or Fire Department 
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In most emergency situations the person who is to assume the position 

of Emergency Coordinator is obvious. However, it 1s conceivable that an 

emergency might arise which requires the major involvement of more than 

one Emergency Unit. In such a case the ultimate authority among those on 

the scene may not be obvious. In this event the Director's Office Emer-

gency Director 1s automatically called and assumes ~ommand as soon as 

he/she arrives on the scene. 

BUILDING OR FACILITY EMERGENCY PLAN 

A specific emergency plan has been prepared for each building or 

facility such as an accelerator area. These plans are prepared under the 

direction of the Building Manager. 

A Building Manager and an alternate have been appointed for each 

building or complex. In general, the Building Manager is the person in 

charge of a building or facility. He/she is the person with the highest 

level of responsibility for·that particular area. The Building Manager 

has specific responsibility for the preparation, updating, and implemen-

tation of the emergency plan for this area. This responsibility includes 

the provision of indoctrination and training programs. 

Specifically, each plan contains the following, as appropriate for 

each building: 

1. The name of the Building Manager and his/her alternate(s). 

2. A list of those persons who have specific duties during an 
emergency and a description of their duties. For example, 
specific people should be assigned to supervise evacuation and 
to carry out a rapid search of the area (assuming this can be 
done safely). 
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3. Floor plans showing evacuation routes, the location of shutoff 
switches and valves for the utility systems (water, gas, 
electricity), and the locations of emergency equipment and 
supplies (including medical). 

4. Indications in the floor plans of areas where specific hazards 
(i.e., toxic chemicals, flammable materials, radioisotopes) 
exist; location and description of special hazards or hazardous 
devices should be included in the text together with shutdown 
procedures if applicable. 

5 Designation of a primary assembly point for evacuees, well away 
from the building. An alternate site should also be designed in 
case the first choice cannot be used. 

6. A procedure for carrying out a head count at the assembly area 
to ensure that no one is left behind. 

7. Reentry procedures. No one should reenter an evacuated building 
or area without specific instructions from the Building Manager 
or the person in charge. 

8. Description of emergency detection and warn1ng systems. 

9. Provision for training and testing program. 

INDIVIDUAL EQUIPMENT EMERGENCY PLAN 

Individual pieces of equipment that are hazardous enough to require 

Operational Safety Procedures have emergency plans incorporated in their 

procedures. These emergency plans are incorporated in the Building or 

Facility Emergency Plan under item number 4. 

SUPERVISOR'S RESPONSIBILITIES 

The supervisor's responsibility 1s: 

o Seeing that those under his/her supervision are familiar with the 
plan for the building, particularly the recommended exit routes. 

o Rendering whatever assistance the person in charge during an 
emergency may require. 
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o Maintaining familiarity with the shutdown procedures for all 
equipment used by those under his/her supervision. 

o Knowing the location and use of all safety equipment on his/her 
floor. 

o Keeping employees from reentering an evacuated area until he/she 
is notified that the area is safe for normal operations to 
resume. 

EMPLOYEES NOT INVOLVED IN THE EMERGENCY 

Employees must stay away from the scene of an emergency and follow 

the instructions issued over the public address system, or directly from 

emergency control personnel. The sounding of a fire bell means immediate 

evacuation by the nearest exit. Employees must not reenter an area that 

they have evacuated until notified by their supervisor that it is safe to 

return. 

EMPLOYEES INVOLVED IN THE EMERGENCY 

Employees involved in any emergency greater than a m1nor incident 

are expected to act as follows: 

o If there is threat of further injury or overexposure to hazardous 
material, remove all injured persons and leave the immediate 
vicinity. If there is no threat of injury or overexposure, leave 
seriously injured personnel where they are. 

o Report the emergency immediately by phone, EXT. 5333. State what 
happened, the specific location, whether anyone was injured, your 
name, and phone number. 

o Proceed with first aid or attempt to control the incident only if 
you have been trained in first aid or the emergency response that 
is necessary to control the incident. 

o Show the Senior Fire Officer where the incident occurred, inform 
him/her of the hazards associated with the area, provide any 
other information that will help the firefighters avoid injury, 
and do as the Senior Fire Officer requests. 
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CHAPTER 10 

ENGINEERING AND CONSTRUCTION 

GENERAL 

The Laboratory's buildings and equipment must equal or exceed exist-

ing legal standards for safety, fire prevention, sanitation, architectural 

barriers, health protection, and resistance to seismic forces. Safeguards 

must provide built-in protection against injury to personnel or damage to 

property and include methods for limiting the consequences of accidents. 

Protection systems must permit the most effective work conditions consist-

ent with effective safeguards. The safety features of plant buildings, 

facilities, and equipment are jointly planned by the Plant Engineering 

Department, the prospective users, and the Environmental Health and Safety 

(EH&S) Department. DOE criteria for improved risks and the requirements 

of DOE 5480.1, Chapter IX, must be observed. 

Since physical plant facilities are the responsibility of the Plant 

Engineering Department, the following matters related to engineering and 

construction must be referred to the Plant Engineering Department: 

o New construction or alteration of buildings, building facilities, 
fixed equipment, outside utilities such as cooling towers, elec
trical substations, underground pipes, conduits, or vaults, road
ways, parking lots, walkways, landscaping, sewers, and drainage 
systems. 

o Plans under consideration by any Laboratory group, i.e., 
scientific, engineering, administrative, or support, that will 
affect any structure or physical plant facility because of the 
size of the project, loads, vibration, temperature requirements, 
humidity control, radiation background, or ventilation require
ments, or any code-related feature of the facility. 
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RESPONSIBILITIES 

The Plant Engineering Department is responsible for planning, 

construction, and alterations involving physical plant facilities. Job 

control by the Plant Engineering Department includes obtaining all 

required official approvals; requesting new account numbers; initiating 

requisitions, materials orders, and job orders; and administrating all 

subcontracts pertaining to the project. 

To initiate new construction or alterations, the prospective user, 

who is authorized to do so, submits a request to the Plant Engineering 

Department. The user must inform the Plant Engineering Department of the 

proposed use and of any special safety requirements for the project. The 

EH&S Department will assist the Plant Engineering Department and the user 

in determining the need for developing specific safety criteria and 

facilities and in making a Safety Analysis and Review report, as required 

by DOE 5481.1A and by Laboratory standards. 

ACCESS TO CONSTRUCTION AREAS 

Areas in which construction or maintenance is being performed by 

outside contractors are closed to entry for most Laboratory personnel. 

Entry is limited to personnel directly involved with the contract 

requirements or the EH&S Department personnel. 

SAFETY ALTERATIONS 

Plant alterations that are necessary for safety or to improve safety 

should be carried out expeditiously. Requests for such alterations or 

additions, and Job Orders for such projects, should be conspicuously 
) 
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) marked as Safety Projects. The Plant Engineering and EH&S Departments 

jointly establish appropriate priorities for these safety projects. 

HAZARDOUS MATERIALS WORK ENCLOSURES 

Hazardous materials must be handled and stored in enclosures which 

a) protect the worker by means appropriate to the hazard and b) protect 

the casual or unknowledgeable passerby from hazards or access to hazards. 

These aims are achieved by work enclosures such as hoods, glove boxes, 

hot cells, vaults, and fenced areas. Applicable construction criteria 

for such work enclosures are given below. 

o Hoods 

The standards and recommendations of the American Conference of 

Governmental Industrial Hygienists (ACGIH) will be followed. 

o Glove Boxes 

Glove boxes must be constructed of material which is compatible with 

the materials to be handled inside them and with the greatest possible 

degree of fire resistance. 

The internal atmosphere of glove boxes must be maintained at a 

pressure lower than that of the glove box surroundings. The glove box 

exhaust system must provide an adequate face velocity at any material

transfer opening and must provide negative pressure control and backup to 

this negative pressure control with a degree of reliability appropriate 

to the nature of the hazardous material inside the glove box. The 

exhaust from each glove box must pass through at least one individual 

high efficiency filter (which is 99.97% effective for 0.3 micron particu

lates) serving only that glove box. More filtration may be required 
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depending on the nature of the material being handled in the glove box; 

examples are transuranic elements or radioactive gases. Glove boxes must 

be tested with safe substitute materials to ensure proper operation 

before placing them in service for hazardous materials. For additional 

information, see Chapter 21 of this manual. 

o Fences 

Fences of suitable type must be provided wherever unauthorized 

access can lead to personnel injury or property damage. Protection from 

such serious hazards as high level radiation, high pressure, or exposed 

high voltage requires special considerations. Vehicle gates must be at 

least 12 ft wide. 

GENERAL BUILDING SAFETY REQUIREMENTS 

The following general requirements apply to all buildings. 

o Construction should be of noncombustible or fire-rated materials 
as much as possible. 

o Building Manager is responsible for providing emergency lighting 
which will allow personnel to find their way out of the building 
in the event of power failure (see Appendix C of Chapter 1). 

o Building Manager must assure that the floors of traffic corridors 
are unobstructed and meet code requirements (see Appendix C of 
Chapter 1). 

All laboratories should have the following: 

o At least two unobstructed exits 

o A smooth wall finish and smooth, impermeable work surfaces 

o Automatic fire detection and suppression systems 

o Adequate ventilation 
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Additional requirements for physics and engineering laboratories: 

o Safety enclosures or barriers for high energy systems 

o Warning signals and safety interlocks for high energy systems or 
equipment 

o Adequate grounding devices for electrical systems as required by 
the National Electric Code and Chapter 8 of this manual 

o Proper design of pressurized gas systems in accordance with 
PUB-3001, Rules and Procedures for the Design and Test of 
Hazardous Research Equipment, Section III 

Additional requirements for chemistry laboratories: 

o Process and special ventilation in accordance with the ACGIH 
standards and recommendations 

o Safety storage arrangements for chemicals 

o Extra heavy duty sanitary sewer lines 

o Emergency eye wash and shower facilities 

Additional requirements for radioactive and toxic material handling areas: 

o Radiation alarm systems 

o Interlock systems to ensure safe operation 

o Surfaces in work areas which are free of dirt- and contaminant
catching cracks or unnecessary projections 

o Specialized drain systems with appropriate lining materials, 
holding or retention tanks, means of accumulated-waste disposal, 
and/ or waste treatment facilities if required 

o Nonabsorbent, easily cleaned surface finishes 

o Impermeable floors with easily removable covering to facilitate 
decontamination 

o Utilities located for minimum exposure 1n the working area, but 
accessible for repair or replacement 

o Maintenance of negative air pressure in work areas with respect 
to halls, offices, and other nonhazardous-material working areas 

o Air exhaust systems that conform with the requirements of ACGIH's 
"Industrial Ventilation Manual" 
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o Particle filter installations where needed designed with the 
guidance of ORNL-65 to include provisions for changing, sealing, 
and in-place testing and controls for maintaining proper air 
pressure differentials 

Additional requirements for accelerator areas: 

o Suitable shielding to reduce the exposure in an inhabited area to 
less than 0.5 mrem per hour 

o A remote area monitor (RAM) system to give indication of ambient 
radiation levels that are transmitted to the central control room 

o A central control room to monitor the operations, radiation 
levels, and other safety aspects of the accelerator 

o Provision to allow for remotely de-energizing the accelerator if 
the control room cannot be entered 

LBL SAFETY STANDARDS 

Equipment, materials, or design standards to be used in construction 

and recommended for safety reasons are listed in Appendix D of Chapter 1. 

CONTRACTOR SAFETY 

General 

In addition to the full- and part-time employees on the LBL payroll, 

important work is performed by personnel through contract .arrangements 

made by the Personnel or Purchasing Departments. (Because LBL is a prime 

contractor to DOE, these non-payroll persons are sometimes referred to as 

subcontract personnel.) Nevertheless, the safety rights and obligations 

of contractor personnel are the same as those of the LBL employees. 

Those LBL supervisors assigned to direct work of contractor employees 

shall instruct and otherwise provide safety equipment and conditions 

equivalent to those provided to payroll employees. This is to ensure 
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that LBL property is protected from damage and that all employees, 

payroll or non-payroll, are protected from work injury and illness. 

Contractor Construction Safety 

The Laboratory's safety policy shall be extended to outside 

contractors performing work in Laboratory-controlled areas by incorporat

ing the necessary requirements and guidance in the contracts. The DOE 

Construction Safety and H~alth Program, DOE Order 5480.1, Chapter X, 

requires Plant Engineering or the Purchasing Department, before issuing 

contracts or purchase orders, to obtain the· following information: 

o A descriptive outline of the contractor's safety program 

encompassing industrial safety, health protection, and fire 

prevention/protection aspects. 

o The name and qualifications of the job-site management official 

assigned responsibility for the administration of the health and 

safety program. 

In addition, a reference 1n the contract or purchase order must 

refer to the Contract DE-AC03-76SF00098 DOE Safety and Health Clause, to 

the DOE Order 5480.1A (Environmental Protection, Safety, and Health 

Protection Standards) as the source for DOE safety standards, and to the 

LBL Health and Safety Man~al. 

The EH&S Construction Safety Representative will 

o Evaluate potential causes of injury or property damage for 

presentation at the preconstruction meeting. 

o Inspect contract construction periodically through arrangement 

with the Plant Engineering Department. 
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o Inform the Contract Administrator, who is a member of Plant 

Engineering or the Purchasing Department, of the nature of 

potentially hazardous conditions and necessary protection 

measures for preventing injury to personnel or damage to 

university or government property. 

A contractor is a free agent performing a specific task for the 

Laboratory. All formal interactions between the Laboratory and the 

contractor must be conducted by or through the Contract Administrator, 

who is a member of Plant Engineering or Purchasing Department. The 

proper field contact is the Plant Engineering Department construction 

inspector assigned to the job in question; he/she is in regular consul

tation with the EH&S Construction Safety Representative. Direct formal 

contact with the contractor by others shall be made only in an emergency 

situation to prevent injury to contractor personnel, to prevent exposing 

them to conditions in excess of LBL protection guides, or to protect LBL 

from contractor actions. 

Contractor personnel are the responsibility of their employer who is 

obligated by contract to comply with all pertinent DOE and·LBL safety and 

health regulations and requirements, or a stop-work order may be issued 

by the LBL Contract Administrator. 

The Laboratory cooperates with the contractor by 

o Restricting potentially hazardous Laboratory operations in 

vicinity of the contractor's area. 

o Providing firefighting and emergency ambulance service. 

o Providing fire permits for cutting, welding, or burning with 

either acetylene/oxygen or arc welding equipment. 
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CHAPTER 11 

EXCAVATIONS, TRENCHING, AND SHORING 

GENERAL 

Job orders, purchase orders, and subcontracts for excavations, five 

or more feet deep or are in unstable earth and in which people will work, 

shall specify that shoring is required and shall be in compliance with 

the requirements listed in Table 1. If it is necessary to deviate from 

the requirements, a civil engineer registered in California shall submit 

detailed data to the Environmental Health and Safety Department for 

alternative effective shoring and sloping systems to include soil evalua

tions, slope stability, and estimation of forces to be resisted, together 

with plans and specifications of the materials and methods to be used. 

When sheet piling is to be used, full loading due to ground water table 

shall be assumed, unless prevented by weep holes and drains or other 

means. Additional stringers, uprights, and bracing shall be provided to 

allow for any necessary temporary removal of individual supports. 

Excavated material shall be located at least 2 ft back from edge of 

excavation. 

Sloping. In lieu of a shoring system, the sides or walls of an 

excavation may be sloped, if this provides equivalent protection. Where 

sloping is a substitute for shoring, it shall be 3/4 horizontal to 1 

vertical (53°) except where the instability of the soil requires a slope 

greater than 3/4 to 1. 

Supervision. Excavation work shall at all times be under the imme

diate supervision of someone with authority and qualifications to modify 
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the shoring system or work methods as necessary to provide greater 

safety. 

A ladder projecting 36 in. above ground surface shall be provided 

for access and exit. Travel distance to the ladder shall not exceed 

25 ft. 

Table 1 
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GLOSSARY 

Revised 8/94 

Authority Having Jurisdiction (AHJ) determines the interpretation and 
application of fire prevention and protection requirements. 

Fixed equipment includes detectors and alarms, automatic fire 
sprinklers, fire doors and dampers, attached fire hoses, and fire 
hydrants. 

NFP A is the National Fire Protection Association. 

Portable equipment consists of fire extinguishers. 
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POLICY 

EMERGENCY 
PROCEDURES 
FOR FIRES AND 
OTHER FIRE
RELATED 
EMERGENCIES 

Revised 8/94 

Chapter 12 

FIRE PREVENTION AND 
PROTECTION 

The fire prevention and protection policy at LBL is to ensure that fires 
create no threat to the public nor hazards to employees. Property 
damage from fire must be held to a minimum, as must the impact of fire 
and related perils on the LBL mission and programs. 

This policy requires adherence to and compliance with all applicable 
laws, orders, regulations, codes, standards, guides, policies, and good 
practices pertaining to fire prevention and protection. 

1. Evacuate the immediate area in which there is a fire or a threat of fire 
and close the door. 

2. Call the Fire Department: 

• Ext. 7-911 (from an LBL phone-486 prefix). 

• Ext. 9-911 (on UC Campus-642 or 643 prefix). 

The 7-911 number is answered by the LBL Fire Department 
dispatcher and is monitored by the UC Berkeley dispatch center. 
The 9-911 number is answered by the UC Berkeley Police dispatcher, 
and information is then relayed to the responsible Fire Department, 
either LBL or Berkeley. 
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EMERGENCY 
PROCEDURES 
FOR FIRES AND 
OTHER FIRE
RELATED 
EMERGENCIES (cont'd.) 

EMERGENCY 
PROCEDURES FOR 
HAZARDOUS 
MATERIAL SPILLS 

When reporting an emergency, it is important to identify yourself 
and be as specific as possible. Report the following: 

• Your name and location, including room and building number, 
or nearest building, if possible. 

• The nature and severity of the emergency, for example, structure 
fire, fire in lab hood, gas leak, explosion, or spill of hazardous 
materials. 

3. Activate the nearest fire alarm to evacuate the occupants of the 
building. 

4. Do not attempt to extinguish a fire involving a building's structure 
or a building containing explosives, radioactive materials, or highly 
toxic materials. 

5. Do not attempt to extinguish a fire unless you have been trained in 
the use of fire extinguishers and have a clear escape route. 

Think safety first. Isolate the area and deny entry. Call for help. 

To report a hazardous material release or spill, call the Fire Department, 
Ext. 7-911 (on-site) or Ext. 9-911 (on campus). The Fire Department will 
respond in accordance with EH&S Emergency Organization and HazMat 
Procedures 1.01 to manage and control the emergency situation. Refer to 
the LBL Chemical Hygiene and Safety Plan, PUB-5341, for additional 
information regarding spill response. 

The person reporting the spill should provide the fire dispatcher with 
the name of chemical(s) involved, quantity, state (gas, liquid, solid), 
possible contaminations, and injury information. 
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MEDICAL 
EMERGENCIES 

FIRE PROTECTION 
EQUIPMENT 

FIRE DETECTION 
SYSTEMS 

Revised 8/94 

Health & Safety Manual, PUB-3000 

1. Apply first aid at once if victim is not breathing, circulation has 
stopped, or heavy bleeding is occurring. 

2. DO NOT LEAVE THE SCENE TO REPORT THE INJURY. CALL 
FOR HELP. YOU MUST RESTORE BREATHING AND 
CIRCULATION AND STOP ANY BLEEDING. 

3. Instruct a bystander to call the Fire Department, Ext. 7911 (on-site) or 
Ext. 9-911 (on campus), to summon medical aid. 

Portable and fixed fire protection equipment is provided for operating 
areas. 

Portable equipment consists of fire extinguishers, which are available for 
employees to use before the Fire Department arrives (provided the 
employee has been trained in fire extinguisher operation). Training is 
available by contacting the Fire Department, Ext. 6554. 

Fire extinguishers are divided into four classes: 

• Class A-Used for fires in ordinary combustible materials, such as 
wood, cloth, paper, rubber, and plastic. 

• Class B-Used for fires in flammable and combustible liquids and 
flammable gases. 

• Class C-Used for fires that involve energized electrical equipment. 

• Class D-Used for fires in combustible metals, such as magnesium, 
titanium, lithium, potassium, and sodium. 

Fire extinguishers are inspected monthly by Fire Department personnel. 
Any used or damaged extinguishers should be reported to the Fire 
Department, Ext. 6015. 

Fixed equipment includes detectors and alarms, automatic fire 
sprinklers, fire doors and dampers, attached fire hoses, and fire 
hydrants. Fixed equipment is described in the following sections. 

Several types of automatic fire detectors are used at LBL. All fire 
detection systems transmit an alarm to the Fire Station when activated. 
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EVACUATION 
ALARMS 

AUTOMATIC 
SPRINKLERS 

Many buildings are equipped with evacuation alarm bells. These are 
activated by either an automatic detector or a manual pull box. In some 
cases, automatic detectors also activate automatic extinguishing systems. 
The Fire Department will dispatch firefighters to the scene when an 
alarm is activated. 

Evacuation procedures for each building and operating area and 
personnel emergency actions for each building are published in the 
respective Building Emergency Plan. 

Many buildings at LBL have automatic sprinkler systems. The sprinkler 
heads contain a fusible element that, upon melting, opens the head to 
start water flow. This flow in the piping activates an alarm at the Fire 
Station. 

Automatic sprinkler heads can be damaged if subjected to mechanical 
abuse. Install a protective cage where there is potential for this type of 
damage. 

Heat inadvertently applied to a sprinkler head can activate the sprinkler 
without the presence of fire. 

To avoid reducing water flow or altering a spray pattern, do not place 
material or furniture near sprinkler heads. 
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FIRE HYDRANTS 
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Self-closing and automatic fire doors and dampers are located at 
strategic points. A damper is a door in an air-handling system that 
closes to prevent smoke from being spread throughout the system. 

Automatic fire doors close and latch to block the spread of smoke and 
fire when automatic detectors are activated. 

Maintain fire doors in good repair at all times. Never block or otherwise 
prevent fire doors from functioning. 

Self-closing fire doors are designed and installed to reclose automatically 
after being opened. 

The Fire Department maintains fire hydrants for emergency use. These 
must be accessible and in good working order at all times. To use a fire 
hydrant on a temporary basis, obtain authorization in writing from the 
Chief or Assistant Chief of the Fire Department. 

Employees or contractors who have temporary authorization to use a 
fire hydrant must: 

• Use only valve outlets provided by the Plumbing Shop. 

• Use only the hydrant spanner provided by the Fire Department. 

• Man the connections, except at construction sites. 

• Close hydrant valve one-eighth of a tum after fully opening it. The 
hydrant valve must be closed slowly to prevent damage to the water 
main. 

• Replace outlet caps after using the hydrant and tighten these caps by 
hand. 
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PERMITS 

COMBUSTIBLES 

The Fire Department's program to reduce fire hazards includes a permit 
system. Permits are required for the following tasks: 

• Welding (arc, oxyacetylene, or heliarc) 

• Soldering 

• Using a torch 

• Using tar pots 

• Having an open fire 

• Spray painting 

To obtain a permit or additional information, call the Fire Department, 
Ext. 6015. 

Combustible materials are divided into four types, described in the 
following paragraphs. 

, CLASS A COMBUSTIBLES 

Class A combustibles include common combustible materials (e.g., 
wood, paper, cloth, rubber, and plastics) that can act as fuel and are 
found in nonspecialized operating areas (e.g., offices). 

To handle Class A combustibles safely: 

• Dispose of waste daily. 

• Keep all trash in metal or metal-lined receptacles with tight-fitting 
covers. Metal wastebaskets that are emptied every day do not need to 
be covered. 

• Use ash trays to extinguish smoking materials. Make sure that the 
contents of ash trays are extinguished, and empty the contents into a 
safe receptacle. 

• Keep work areas clean and free of fuel paths that could allow a fire to 
spread. 

• Keep combustibles away from accidental ignition sources (e.g., hot 
plates, soldering irons, and other heat- or spark-producing devices). 

• Store paper stock in metal cabinets. 

• Store rags in metal bins with self-closing lids. 
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• Do not order excessive amounts of combustibles. An excess could 
cause storage problems and, if not stored properly, could become a 
fire hazard. 

• Make frequent inspections to anticipate fires before they start. 

The following fire extinguishing agents are approved for Class A 
combustibles: 

• Water 

• Multi-purpose dry chemical (ABC) 

• Halon 1211 

Halons have been identified as ozone-depleting substances and as such 
have been targeted for removal. Federal regulations require that DOE 
and contract facilities phase out halon (and other chlorofluorocarbons) at 
prescribed time periods. The Fire Department has developed a Halon 
Phase-Out Plan and will be implementing it in accordance with the new 
regulations. 

CLASS B COMBUSTIBLES 

Class B combustibles include flammable and combustible liquids (e.g., 
oils, greases, tars, oil-based paints, and lacquers), flammable gases, and 
flammable aerosols such as those found in spray cans. (See the Pressure 
Safety and Cryogenics chapter of this manual and the Chemical Hygiene and 
Safety Plan, PUB-5341.) 

The following fire extinguishing agents are approved for Class B 
combustibles: 

• Carbon dioxide 

• Multi-purpose dry chemical (ABC) 
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COMBUSTIBLES 
(cont'd.) 

• Halon 1301 

• Halon 1211 

Technically, flammable and combustible liquids do not bum. They can, 
however, generate sufficient quantities of vapors to form ignitable 
vapor-air mixtures. 

The flashpoint of a liquid is defined as the minimum temperature at 
which the liquid gives off sufficient vapor to form an ignitable mixture 
with the air near its surface or within the vessel used. 

Generally, the lower the flashpoint of a liquid, the greater the risk of fire 
and explosion. Many flammable and combustible liquids also pose 
health hazards, as discussed in the Chemical Hygiene and Safety Plan, Pub-
5341. 

Make sure that Class B combustibles are properly identified, labeled, 
handled, and stored. Contact EH&S Safety Engineers for assistance. 

• Use only approved containers, tanks, equipment, and apparatus for 
storage, handling, and use of Class B combustibles. 

• Store quantities greater than 26liters (10 gallons) of flammable liquids 
in approved storage cabinets or special rooms approved for such 
storage. 

• Label the contents of all containers accurately and conspicuously. 

To handle Class B combustibles safely: 

• Use only approved pumps, taking suction from the top, to dispense 
liquids from tanks, drums, barrels, or similar containers; or use 
approved self-closing valves or faucets. 

• Store, handle, and use Class B combustibles only in approved 
locations where vapors are prevented from reaching ignition sources 
(e.g., heating or electrical equipment, open flames, or mechanical or 
electrical sparks). 
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• Do not use a flammable liquid as a cleaning agent inside a building. 
The only exception is in a closed machine approved for cleaning with 
flammable liquids. 

• Do not use, handle, or store Class B combustibles near exits, stairways, 
or any other areas normally used as exits. 

• Do not weld, cut, grind, or use unsafe electrical appliances or 
equipment near Class B combustibles. 

• Do not generate heat, allow an open flame, or smoke near Class B 
combustibles. 

• Know the location of and how to use the nearest portable fire 
extinguisher rated for Class B fire. 

CLASS C COMBUSTIBLES 

Class C combustibles are energized electrical equipment which, when 
de-energized, would be classified as Class A or B combustibles. 

The following fire extinguishing agents are approved for Class C 
combustibles: 

• Carbon dioxide 

• Multi-purpose dry chemical (ABC) 

• Halon 1301 

• Halon 1211 

CLASS D COMBUSTIBLES 

Class D combustibles are combustible metals that present special fire 
safety and extinguishing problems. For guidance on safe handling of 
combustible metals and selection of the proper extinguishing agent, 
contact the Fire Department, Ext. 6015. 
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PORTABLE HEATING 
DEVICES 

MECHANICAL 
EQUIPMENT AND 
FAN ROOMS 

Portable heating devices include·coffee pots, hot plates, and portable 
electric heaters. Portable heating devices may only be used when there is 
no chance of injury or fire occurring from their use. This applies both to 
LBL and personally owned devices. When plugged in, these devices 
should not be left unattended. 

Portable heating devices must not be used in the following locations: 

• Where flammable or explosive vapors or dusts may be present. 

• Where smoking, eating, or drinking are prohibited due to the possible 
presence of toxic or radioactive materials. 

• Where an area is designated as unsafe for such devices. 

To handle portable heating devices safely: 

• Confirm that appliances are listed either by Underwriters . 
Laboratories, Inc., or by Factory Mutual Research Corporation 

• Do not place appliances on unstable or readily combustible materials. 
Maintain a clearance of at least 46 em (18 inches) between appliances 
and combustible material. 

• Connect appliances directly to proper electrical outlets using the 
original manufacturer's cord. Do not use extension cords in lieu of 
permanent wiring. 

• Do not leave an appliance unattended during off hours unless the 
appliance is controlled by a timer installed by an LBL electrician. The 
timer must de-energize the appliance during off hours and energize it 
no more than 30 minutes prior to the beginning of the workday. 

• For 24-hour operation, obtain a permit for the proposed operation. 
Post the permit conspicuously near the appliance. 

Mechanical equipment rooms house boilers, blowers, compressors, 
filters, and other electrical equipment. These rooms must be separated 
from other areas of a building by fire-resistant walls and doors. 
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Fan rooms house ventilation equipment (e.g., dampers and automatic 
shutdown equipment). This equipment is often interlocked with a 
building's smoke and fire detectors. 

Ensure that construction areas under the control of LBL or outside 
contractors are safe from the threat of fire. Maintain access for 
Laboratory emergency response personnel to reach construction areas at 
all times. 

The Life Safety Code of the National Fire Protection Association (NFP A 
101) requires emergency lighting facilities in: 

• Exit corridors in any office-type building two or more stories above 
the level of exit discharge. 

• All exit aisles, corridors, and passageways of industrial facilities (e.g., 
laboratories, accelerators, and shops). 

• Elevators, for a period of at least 4 hours (see Titles 8 and 24 of the 
State Building Code). 

Emergency lighting that is not required by the code may be installed in 
areas where egress would be hazardous during a power failure. 

Two types of emergency light satisfy the code specifications: 

• Battery powered 

• Generator powered 

Use only rechargeable batteries in battery-operated emergency lights. 
The battery rating must be sufficient to provide illumination for 1.5 
hours if normal lighting fails. When emergency lighting is provided by 
a generator, the delay must not be greater than 10 seconds. 
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EXIT SIGNS 

PATH MARKINGS 

EXIT CORRIDORS 

The California Fire Code, California Building Code, and the Life Safety 
Code of the National Fire Protection Association (NFP A 101) require that 
approved exit signs be provided in specific locations in buildings to 
designate the means of egress from the buildings. The codes specify the 
minimum size, graphics, power supply, visibility, and conditions for 
installation of exit signs. 

Exit signs: 

• Must not be installed without the approval of the Fire Chief or his or 
her authorized representative. 

• Must be installed at all required exit doorways and where necessary 
to indicate clearly the direction of egress. Access to exits must be 
marked by an exit sign when the exit or exit pathway is not 
immediately visible to the occupants. 

• Must be installed where two or more exits are required from a room 
or area, except when main exterior doors are obvious and clearly 
identifiable as an exit (e.g., glass doors). 

• Must have working sign lights. (Report burned-out lights to the 
Facilities Department.) 

Doors, passages, or stairways that are not exits, but could be mistaken as 
such, must be identified by a sign stating: NOT AN EXIT. 

Path markings (e.g., arrows or stripping) on floors or walls may be 
necessary to identify exit routes clearly in certain facilities. Path 
markings should be luminous or phosphorescent to be identifiable in 
case of power failure. 

NFP A 101 requires that buildings designed for human occupancy 
maintain unobstructed exits to facilitate prompt evacuation and access 
for emergency personnel. 
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In the past, installing metal lockers and cabinets in exit corridors was 
permitted as long as the lockers and cabinets complied with specific 
location rules, design characteristics, and storage limitations. These 
storage practices are no longer considered safe and are in violation of 
fire and life safety codes. The Facilities and Fire Departments are 
implementing a phased plan to remove existing storage cabinets from 
exit corridors. To adhere to the new regulations, use the following 
guidelines: 

• Do not install storage cabinets in exit corridors. 

• Remove any cabinet that does not have 45-degree angle fairing at its 
top and sides. 

• Remove cabinets that have not been properly maintained (e.g., doors 
that do not automatically return to the closed position or cabinets that 
are not anchored to the wall). 

• Do not store chemicals, liquids, or combustible materials in cabinets. 

Smoking is forbidden in all LBL buildings. Certain outdoor areas are 
also designated as no smoking areas. Areas in which smoking is 
prohibited are identified by white rectangular signs that state in red 
letters on a white background: NO SMOKING. 

New experiments and research activities are reviewed by the Fire 
Department as part of an Activity Hazard Document (AHD) review. 
This review ensures that the risks are reduced to an acceptable level and 
that the required engineering and administrative controls are in place. 

In order to identify the necessary safeguards for the experiment or 
process, the Fire Department will conduct a review of currently 
accessible chemical inventory data for information on hazardous 
material use and storage. 

The following parties are responsible for implementing the LBL fire 
prevention and protection policy: 

LBL MANAGEMENT 

• Sets LBL fire prevention and protection policy consistent with 
applicable codes, regulations, and DOE orders. 

12-13 FIRE PREVENTION AND PROTECTION 
Revision 2 



Health & Safety Manual, PUB-3000 

RESPONSIBLE 
PARTIES (cont'd.) 

• Provides and maintains necessary fire protection staff and resources 
to develop and maintain the fire Protection Program. 

• Minimizes the potential for the occurrence of fire or related perils. 

• Ensures the safety of LBL employees in the event of fire. 

• Ensures that a fire does not cause an unacceptable on-site or off-site 
release of hazardous material that will threaten the public's health and 
safety or the environment. 

• Ensures that vital DOE programs will not suffer unacceptable delays 
as a result of fire or related perils. 

• Ensures that property damage resulting from fire and related perils 
does not exceed levels established by DOE. 

• Ensures that experiments, research projects, and activities involving 
materials hazardous to life or property are reviewed by the 
appropriate EH&S authorities, including the Fire Department, prior to 
design and initiation. 

FIRE SAFETY SUBCOMMITTEE 

• Subcommittee appointed by the Safety Review Committee to address 
specific health and safety matters related to Fire Safety. 

• May be requested to review interpretation and implementation of fire 
codes, regulations, and policy in research laboratories. 

FIRE CHIEF 

• Enforces, interprets, applies, and implements the LBL fire prevention 
and protection policy. 

• Has the authority to suspend unsafe operations or activities. 

• Ensures Lab-wide compliance with fire prevention and protection 
requirements. 

• Delegates to members of the Fire Department responsibility and 
authority for enforcement of the LBL fire prevention and protection 
policy. 

• Functions, with his or her authorized representatives, as the authority 
having jurisdiction (AHJ) in the enforcement and application of the 
LBL fire prevention and protection policy. 
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FIRE DEPARTMENT 

• Prevents and controls fires. 

• Protects people and property from fires, explosions, and other 
hazardous events. 

~ • Investigates the cause, origin, and circumstances of fires and 
explosions. 

• Responds to all calls received on the LBL emergency number, Ext. 
7911. 

• Provides first-response rescue and transportation services in medical 
emergencies. 

• Reviews Facilities Department projects to ensure LBL' s compliance 
with fire- and life-safety requirements for the storage, handling, and 
use of explosives and flammable, combustible, toxic, corrosive, and 
other hazardous materials. 

• Provides guidance for fire safety in the design, processes, and 
equipment used in experiments and research projects. 

• Reviews AHDs. 

• Conducts fire safety inspections, fire risk surveys, and fire hazard 
analyses, and makes recommendations based on findings. 

• Inspects and supervises the testing, repair, and maintenance of 
automatic fire protection and alarm systems. 

• Inspects and maintains fire extinguishers. 

• Trains employees in fire safety, fire extinguisher operation, and use of 
self-contained breathing apparatus. 

FACILITIES DEPARTMENT 

• Ensures compliance with all fire safety, inspection, and protection 
requirements for planning, designing, constructing, and installing 
buildings, structures, systems, and utilities. 

• Ensures that all architectural and engineering projects are reviewed by 
the appropriate EH&S authorities, including the Fire Department. 

• Inspects, tests, and maintains the water supply, fire alarms, and fixed 
fire extinguishing systems. 
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RESPONSIBLE 
PARTIES (cont'tl.> 

REGULATIONS 

DOE ORDERS 

SUPERVISORS 

• Notify the Fire Department when changes in operation increase the 
risk of fire or other related perils. 

• Ensure that their employees receive fire safety training. 

EMPLOYEES 

• Complete all requisite training before working without supervision. 

• Conduct operations with minimum risk of fire. 

• Report fires, smoke, and potential fire hazards to the Fire Department 
immediately. 

• California Building Code 

• California Electrical Code 

• California Fire Code 

• California Mechanical Code 

• California Plumbing Code 

• Health & Safety Code 

• National Fire Codes, National Fire Protection Association 

• Title 19, California Code of Regulations 

• Title 41, CFR Parts 1910 and 1926 

• DOE/EP-0108, Standard for Fire Protection of AEC Electronic Computer 
Data Processing Equipment 

• DOE/EV-0043, Standard on Fire Protection for Portable Structures 

• DOE Order 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

• DOE Order 5480.7 A, Fire Protection 

• DOE Order 5500.3A, Planning and Preparedness for Operational 
Emergencies 

• DOE Order 6430.1A, General Design Criteria 
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RELATED PUB-3000 • EH&S Training 

CHAPTERS • Emergency Management 

REFERENCES 

Revised 8/94 

• Hazardous Waste Disposal 

• Industrial Hygiene 

• Pressure Safety and Cryogenics 

• American Petroleum Institute Guidelines, latest edition 

• Chemical Hygiene and Safety Plan, PUB-5341, Lawrence Berkeley 
Laboratory, August 1992 

• EH&S Emergency Organization and HazMat Procedures 1.01, Lawrence 
Berkeley Laboratory, September 1, 1993 

• Factory Mutual Loss Prevention Data Sheets, latest editions 

• National Fire Protection Association Handbooks, latest editions 

• Master Emergency Plan, PUB-533, Lawrence Berkeley Laboratory, July 
1993 

• Society of Fire Protection Engineers (SFPE) Handbook, latest edition 
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CHAPTER 13 

GASES, FLAMMABLE AND COMPRESSED 

FLAMMABLE GASES 

Flammable gases must be used in a manner that will not endanger 

personnel or property in routine or experimental operations. Hazards 

associated with handling and use of flammable and high pressure gases 

are: 

o Asphyxiation 

o Ignition or explosion of flammable gases 

o Injuries caused by flying objects accelerated by an explosion or 

pressure release 

o Almost certain death, if a flammable mixture is inhaled and then 

ignited 

Constants of some common flammable laboratory gases are shown in PUB-3001, 

"Rules and Procedures for the Design and Test of Hazardous Equipment," 

Section II. 

This chapter deals with ways of handling flammable gases safely. 

o Do not store cylinders near flammable solvents, combustible waste 

material and similar substances, or near unprotected electrical 

connections, gas flames, or other sources of ignition. 

o Never use a flame to detect flammable gas leaks. Use soapy water. 

o Do not store reserve stocks of cylinders containing flammable gases 

with cylinders containing oxygen. They should be segregated. 

Inside of buildings, stored oxygen and fuel gas cylinders should be 

separated by a minimum of 20 ft, or there should be a fire-resistive 
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partition between the oxygen and fuel gas cylinders. This is in 

accordance with NFPA Standard No. 51, 11Gas Systems for Welding and 

Cutting. 11 

Since hydrogen is the more hazardous gas, safety guidelines for hydrogen 

apply also to deuterium and gaseous hydrocarbons. A special section ~s 

devoted to the safety of Magic Gas used in multiwire proportional 

counters. 

HAZARDOUS PROPERTIES OF HYDROGEN 

Hydrogen is a colorless, odorless, nontoxic, and highly flammable 

gas that can be detected only by special instruments. It is the lightest 

gas, being only 0.07 times the density of air and having a rate of diffu-

sion 3.8 times faster than air, which allows it to fill a confined space 

rapidly. 

The danger hydrogen poses is evident from its very wide flammability 

range. It forms a flammable mixture where it exists as 4 to 75% in air 

or 4 to 94% in oxygen. Hydrogen and air mixtures can. be ignited by an 

extremely low energy input, 0.02 millijoules, which is only one tenth of 

the energy required to ignite a gasoline and air mixture. High-pressure 

hydrogen leaks will usually ignite as a result of the static electrical 

charge developed by the escaping gas. The auto ignition temperature of 

hydrogen is 585°C, its flame velocity is 270 em/sec (almost 10 times the 

velocity of a natural gas flame), and it burns with a virtually colorless 

flame at 2045°C. If ignited, unconfined hydrogen and air mixtures 

usually burn, but confined mixtures can be expected to explode. While 
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hydrogen is not toxic, it can displace a1r 1n a confined space and cause 

asphyxiation. 

HYDROGEN EQUIPMENT DESIGN CONSIDERATIONS 

When designing equipment for hydrogen use (or for other flammable 

gas which does not involve intentional combustion), any possibility of 

ignition or explosion must be prevented. Any experimental or routine 

operation which places hydrogen in the presence of an oxidant (air, 

oxygen) and an ignition source (spark, flame, high temperature) is 

extremely dangerous. For safe operation two of the three things required 

for fire (fuel, oxygeri and ignition) must be eliminated whenever possible. 

Equipment design must also include attention to hydrogen embrittle

ment, a reaction with certain steel alloys which causes them to lose 

strength rapidly. Some of the variables that contribute to hydrogen 

embrittlement are the nature of the alloy, its service stress and temper

ature, and the hydrogen pressure. The Mechanical Engineering Department 

can provide additional information about designs which avoid hydrogen 

embrittlement. 

When procedures require removal of hydrogen from equipment, the 

design should include a means of purging the system by vacuum or inert 

gas. 

HYDROGEN OPERATIONAL SAFETY RULES 

All personnel working with hydrogen or other flammable gases must be 

familiar with the hazards involved and with which emergency measures 
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might be required in the event of an accident. For safe operation the 

following safety guidelines shall be observed: 

1. The Mechanical Safety Subcommittee will rev1ew all experiments 

and operations which require the use of hydrogen. A special 

safety procedure must be obtained from the Mechanical Safety 

Subcommittee for any experiment requiring the use of hydrogen/ 

oxidant mixture or the use of hydrogen in the presence of an 

ignition source. 

2. An apparatus schematic diagram and an operating procedure that 

includes safety considerations and emergency instructions shall 

be developed for all hydrogen experiments. 

3. All personnel involved in the experiment must be familiar with 

the hazards of the system and with emergency actions which need 

to be taken in case of an accident. 

4. The number of persons in a hydrogen operating area shall be 

limited only to those individuals authorized to carry out the 

experiment. 

5. Appropriate warning devices and signs, such as "Danger-Hydrogen" 

and "No Smoking and Open Flames, 11 shall be posted at the exper-

iment and laboratory door to prevent accidental entry or 

dangerous acts. 

6. Hydrogen shutoff valves shall be located outside hydrogen 

operating areas. 

7. Good housekeeping practices shall be observed; unnecessary 

combustible material shall be kept out of hydrogen operating 

areas. 
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8. The number of hydrogen supply cylinders in an operating area 

shall be limited to those actually required for the experiment. 

Extra cylinders shall be stored in an approved area outside the 

building. 

9. Good ventilation and au dilution shall be provided to prevent 

entrapment of hydrogen or other flammable gases in closed 

pockets. If the gas is lighter than air, overhead ventilation 

and dispersal is required. Gases denser than air must be 

prevented from entering trenches and manholes where they can 

collect. 

10. Cracking the hydrogen gas cylinder valve prior to attaching the 

regulator is not recommended since the gas may ignite because 

of static charge or friction heating, and it often burns with 

an invisible flame. Closing the valve immediately stops the 

flame. 

11. If a leaking hydrogen cylinder is discovered and the gas has 

not ignited, the cylinder should be moved carefully to a safe 

outside area. In the case of a serious leak or when the gas 

has ignited, evacuate all personnel and call the Fire 

Department immediately. 

MAGIC GAS 

Magic Gas is currently used at LBL in multiwire proportional 

chambers. This particular mixture is denser than air and is composed of: 
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Isobutane 23.52% 

Methylal (dimethoxy-methane) 4.00% 

Freon 13-Bl 0.45% 

Argon 72.00% 

This gas is purchased premixed in Matheson IF (Fat Boy) cylinders 

pressurized to 35 psig. The flammable limits of this gas are about 1.8 

to 7% in air. 

LBL safety rules for high pressure cylinders and flammable gases 

apply for all experiments using Magic Gas. In addition to the general 

safety rules, special guidelines shall be observed for operation with 

this gas as listed in PUB-3001, Section III. 

COMPRESSED GASES 

Safe Handling Rules for Cylinders of Compressed Gases* 

(Rules pertaining to the storage and handling of cylinders apply 
with equal force to the storage and handling of spheres and drums where 
the alternate use of these containers is authorized by Department of 
Transportation (DOT) regulations.) 

General 

Only cylinders meeting DOT regulations should be used for 

transportation of compressed gases. 

Cylinders must not be changed except by the owner or with the 

owner's consent, and then only in accordance with the regulations of the 

Interstate Commerce Commission (ICC). 

*Handbook of Compressed Gases, Compressed Gas Association, Inc. 
(Reprinted with permission of Van Nostrand, Reinhold Co., New York, 
copyright 1966), p. 168. 
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The practice of transferring compressed gases from large to small 

cylinders by anyone other than the manufacturer or distributor is not 

recommended, except where consent by the owner has been given and safe 

procedures for these operations are followed. 

Compressed gas containers must not contain gases capable of combin-

ing chemically, nor should the gas service be changed without approval 

from the Environmental Health and Safety (EH&S) Department. 

It is illegal to remove or to change the prescribed numbers or marks 

stamped into cylinders without authority from the Bureau of Explosives, 

New York, N.Y. 

If a cylinder leaks and the leak cannot be remedied by simply tight-

ening a valve gland or packing nut, close the valve and attach a tag 

stating that the cylinder is unserviceable. Remove the leaking cylinder 

to a fumehood or out of doors to a well-ventilated location away from 

people and building ventilation systems. If the gas is flammable or 

toxic, place an appropriate sign at the cylinder, warning against these 

hazards. Notify the EH&S Department or the gas supplier and follow the 

instructions as to the return of the cylinder. 

It is illegal to ship a leaking cylinder by common or contract 

carrier whether charged or partially charged. It is illegal to ship com-

pressed gas in cylinders that have been exposed to fire. Consult your 

supplier for advice under these circumstances. 

Each cylinder must bear the proper DOT label required for the 

compressed gas contained, except under certain specified conditions set 

forth in ICC regulations. 
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Where the user is responsible for the handling of the cylinder and 

connecting it for use, such cylinders should carry a legible label or 

stencil identifying the content. 

Do not deface or remove any markings, labels, decals, tags, and 

stencil marks used for identification of content attached by the supplier. 

Before returning empty cylinders, close the valve and see that 

cylinder valve protective caps and outlets caps or plugs, if used, are 

replaced. Cover label with empty label meeting DOT requirements, or if 

cylinder is provided with combination shipping and caution tag, remove 

lower portion. 

Cylinders containing compressed gases should not be subjected to a 

temperature above 125°F. A flame should never be permitted to come in 

contact with any part of a compressed gas cylinder. • ' Cylinders should not be subjected to artificially created low 

temperatures without the approval of the supplier. Many steels undergo 

decreased ductility at low temperatures. 

Never tamper with the safety relief devices in valves or cylinders. 

Never attempt to repair or to alter cylinders, valves, or safety 

relief devices. 

Never use cylinders as rollers, supports, or for any purpose other 

than to contain the content as received. 

Keep cylinder valve closed at all times, except when the cylinder is 

1n active use. 

Notify owner of cylinder if any condition has occurred which might 

permit any foreign substance to enter the cylinder or valve, giving 

details and cylinder serial number. 
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Do not place cylinders where they might become part of an electric 

circuit. When the cylinders are used in conjunction with electric weld

ing, precautions must be taken against accidentally grounding compressed 

gas cylinders and allowing them to be burned by electric welding arc. 

Do not repaint cylinders unless authorized by the owner. 

When in doubt about the proper handling of a compressed gas cylinder 

or its contents consult the manufacturer or supplier of the gas. 

Moving Cylinders 

When removable caps are provided for valve protection, such caps 

should be kept on cylinders at all times except when cylinders are in 

use. 

Do not lift cylinders by the cap. 

Never drop cylinders nor permit them to strike against each other or 

against other surfaces violently. 

Never handle a cylinder with a lifting magnet. Slings, ropes, or 

chains should not be used unless provisions have been made on the cylin

der for appropriate lifting attachments, such as lugs. A crane may be 

used when a safe cradle or platform is provided to hold the cylinders. 

Avoid dragging or sliding cylinders. It is safer to move cylinders 

even short distances by using a suitable truck. 

Use suitable hand truck, fork truck, roll platform, or similar 

device with cylinder firmly secured for transporting and unloading. 

Storing Cylinders 

Cylinder storage areas should be prominently posted with the names 

of the gases to be stored. 
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Where gases of different types are stored at the same location, 

cylinders should be grouped by types of gas, and the groups arranged to 

take into account the gases contained, e.g., flammable gases should not 

be stored near oxidizing gases. 

Charged and empty cylinders should be stored separately with the 

storage layout so planned that cylinders comprising old stock can be 

/removed first with a minimum handling of other cylinders. 

Storage rooms should be dry, cool, and well ventilated. Where 

practical, storage rooms should be fire resistant. Storage in sub-

surface locations should be avoided. Cylinders should not be stored at 

temperatures above 125°F, nor near radiators or other sources of heat. 

Do not store cylinders near highly flammable substances such as oil, 

gasoline, or waste. 

Cylinders should not be exposed to continuous dampness and should 

not be stored near salt or other corrosive chemicals or fumes. Rusting 

will damage the cylinders and may cause the valve protective caps to 

stick. 

Protect cylinders from any object that will produce a cut or other 

abrasion in the surface of the metal. Do not store cylinders near eleva-

tors or gangways, or in locations where heavy moving objects may strike 

or fall on them. Where caps are provided for valve protection, such caps 

should be kept on cylinders in storage. 

Cylinders may be stored in the open but should be protected from the 

ground beneath to prevent rusting. Cylinders may be stored 1n the sun 

except in localities where extreme temperatures prevail, or in the case 

of certain gases where the supplier's recommendation for shading shall be 
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observed. If ice or snow accumulate on a cylinder, thaw at room tempera-

ture, or with water at a temperature not exceeding 125°F. 

Cylinders should be protected against tampering by unauthorized 

individuals. 

Withdrawing Cylinder Content 

Compressed gases should be handled only by experienced and properly 

instructed persons. 

The user responsible for the handling of the cylinder and connecting 

it for use should check the identity of the gas by reading the label or 

other markings on the cylinder before using. If cylinder content is not 

identified by marking, return cylinder to the supplier without using. 

Removable-type valve protective caps should remain in place unti 1 

ready to withdraw content, or to connect to a manifold. 

Before using cylinder, be sure it is properly supported to prevent 

it from being knocked over. 

Suitable pressure regulating devices must be used in all cases where 

gas is admitted to systems having pressure rating limitations lower than 

the cylinder pressure. 

Never force connections that do not fit. Threads on regulator 

connections or other auxiliary equipment must be the same as those on 

cylinder valve outlet. Detailed, dimensioned drawings of standard cylin
r 

der valve outlet and inlet connections are published in the "American 

Standard Compressed Gas Cylinder Valve Outlet & Inlet Connections," 

ANSI-B57.1-1965. 
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Where compressed gas cylinders are connected to a manifold, such a 

manifold and its related equipment, such as regulators, must be of proper 

design. Check with Maintenance Machinists, Building 76. 

Regulators, gauges, hoses, and other appliances provided for use 

with a particular gas or group of gases must not be used on cylinders 

containing gases having different chemical properties unless information 

obtained from the supplier indicates that this can be done safely. 

Open cylinder valve slowly. Point the valve opening away from your

self and other persons. Never use wrenches or tools except those provided 

or approved by the gas manufacturer. Avoid the use of a wrench on valves 

equipped with handwheels. Never hammer the valve wheel in attempting to 

open or close the valve. For valves that are hard to open, or frozen 

because of corrosion, contact the supplier for instructions. 

Never use compressed gas to dust off clothing; this may cause serious 

injury to the eyes or body, or create a fire hazard. 

Never use compressed gases where the cylinder is apt to be contami

nated by the feedback of process materials, unless protected by suitable 

traps or check valves. 

Connections to piping, regulators, and other appliances should always 

be kept tight to prevent leakage. Where hose is used, it should be kept 

in good condition. 

Before a regulator is removed from a cylinder, close the cylinder 

valve and release all pressure from the regulator. 

Additional references for the handling and use of flammable and high

pressure gases are: 
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1. R. 0. Voth, "Safety of Hydrogen Pressure Gauges," Advances 1.n 

Cryogenic Engineering (Plenum Press, 1972), Vol. 17. 

2. P. M. Ordin, Review of Hydrogen Accidents in NASA Operations, NASA 

TMX-71585. 
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CHAPTER 14 

GUARDING, MECHANICAL 

Guarding shall encompass both the power transmission parts of all 

mechanical equipment and the points of operations on production machines. 

Guards shall be designed to conform with ANSI BlS.l, Safety Standard for 

Mechanical Power Transmission Apparatus. Guards shall be provided where 

rotational motion; nip points; and cutting, shearing, punching, and form

ing mechanisms can cause injury to personnel or damage to tools and 

equipment. 

Guards shall be designed or otherwise procured to meet the following 

specifications: 

o Shall provide positive protection equal to that specified 1n ANSI 

BlS .1. 

o Shall be considered a permanent part of the machine or equipment, 

capable of being easily or quickly removed or replaced. 

o Shall not interfere with efficient operation or maintenance of 

the machine or give discomfort to the operator. 

o Shall not weaken the machine structure. 

o Shall be designed for a specific job and a specific machine. 

o Shall be durable, resistant to fire and corrosion, and easily 

repaired. 

o Shall not present hazards, such as rough edges, splinters, pinch 

points, shear points, or sharp corners. 

Methods of guarding which shall be considered include: 

o Enclosing the operation (preferred) 
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o Interlocking devices 

o Moving barriers 

o Removal devices 

o Remote control 

o Two-handed tripping devices 

o Electronic safety devices 

Machines designed for fixed locations must be securely anchored to 

the floor or bench to prevent walking or tipping. Employees shall 

operate machinery only when properly trained arid authorized to do so. 

Proper clothing and protectives shall be worn when specified by the 

supervisor or shop foreman. See also "Lock-Out/Isolation and Tagging 

Procedures,'' Chapter 27, page 27-5. 
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LADDERS 

CHAPTER 15 

LADDERS, SCAFFOLDS, WORK SURFACES, 
AND ELEVATED WORK STATIONS 

Ladders must be in good condition, made of suitable material, of 

proper length, and of the correct type for the use intended. Damaged 

ladders must never be used; they should be repaired or destroyed. 

Ladders used near electrical equipment must be made of a nonconducting 

material. Stored ladders shall be easily accessible for inspection and 

service, kept out of the weather and away from excessive heat, and well 

supported when stored horizontally. 

A portable ladder shall not be used in a horizontal position as a 

platform or runway or by more than one person at a time. A portable 

ladder shall not be placed in front of doors that open toward the ladder 

or on boxes, barrels, or other unstable bases. Ladders shall not be used 

as guys, braces, or skids. The height of a stepladder should be suffi-

cient to reach the work station without using the top or next to the top 

steps. Bracing on the back legs of stepladders shall not be used for 

climbing. 

The proper angle (75-1/2°) for a portable straight ladder can be 

obtained by placing the base of the ladder a distance from the vertical 

wall equal to one quarter of the vertical distance from base to top of 

ladder's resting point. Ladders shall be ascended or descended facing 

the ladder with both hands free to grasp the ladder. Tools shall be 

carried in a tool belt or raised with a hand line attached to the top of 

the ladder. 
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SCAFFOLDS 

All scaffolds, whether fabricated on site, purchased, or rented 

shall conform with the specifications found in ANSI Al0.8, Safety 

Requirements for Scaffolding. Rolling scaffolds shall maintain a 

three-to-one height to base ratio (use smaller dimension of base). 

The footing or anchorage for a scaffold shall be sound, rigid, 

and capable of carrying the maximum intended load without settling or 

displacement. Unstable objects such as barrels, boxes, loose brick, 

or concrete blocks shall not be used to support scaffolds or planks. 

No scaffold shall be erected, moved, dismantled, or altered unless 

supervised by competent persons. Scaffolds and their components shall 

be capable of supporting at least four times the maximum intended load 

without failure. 

Guardrails and toeboards shall be installed on all open sides and 

ends of scaffolds and platforms more than 7-1/2 ft above the ground or 

floor. 

Wire, synthetic, or fiber rope used for suspended scaffolds shall 

be capable of supporting at least 6 times the rated load. No riveting, 

welding, burning, or open flame work shall be performed on any staging 

suspended by means of fiber or synthetic rope. Treated fiber or approved 

synthetic ropes shall be used for or near any work involving the use of 

corros1ve substances. All scaffolds, bosun's chairs, and other work 

access platforms shall conform with the requirements set forth in the 

Federal Occupational Safety and Health Regulations for Construction 29 

CFR 1926.451, except where the Specifications in ANSI Al0.8 are more 

rigorous. 
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WORK SURFACES 

Workroom floors shall be in a clean and, as much as possible, dry 

condition. Drainage mats, platforms, or false floors should be used 

where wet processes are performed. Floors shall be free from protruding 

nails, splinters, holes, and loose boards or tiles. Permanent aisles or 

passageways shall be marked. Floor holes shall be protected by covers 

that leave no openings more than one inch wide. Floor openings into 

which persons can accidentally walk shall be guarded by standard railings 

and toeboards. Open-sided floors, platforms, and runways higher than 

four feet shall be guarded by standard railings. Toeboards shall be used 

wherever people can pass below or hazardous equipment or materials are 

below. 

ELEVATED WORK STATIONS 

When workers are required to work from surfaces that are in excess 

of 7-1/2 ft above an adjacent safe work place and unprotected by rail

ings, the following procedures and guidelines shall be applied (Reference: 

Policy and Procedure Memorandum, Vol. VI, No. 39, Elevated Work Stations): 

1. Before selecting personnel for work at elevated work stations, 

supervisors shall consider the workers' physical conditions, 

such as medical problems, fear of heights, and coordination. 

Medical Services Department should be contacted for information 

in this regard. 

2. Approved fall-arrester systems shall be required for all work 

at heights of 15 or more feet. A recommended fall-arrester 
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system consists of a full body-harness, Sala-type fall-arrester 

block and an anchored hook-up location for the block. Alter

nate equipment shall be approved by the Environmental Health 

and Safety (EH&S) Department. 

3. Fall-arrester systems are recommended for light work at heights 

between 7-1/2 and 15 feet. 

4. Fall-arrester systems are not required when work is being done 

while standing on a ladder. It is recommended that ladders be 

tied off. 

5. Use of a controlled descent device is not necessary unless it 

is impossible to reach a stranded person by another means. 

6. The EH&S Department shall advise, on request, regarding usage 

and procedures. 

7. It shall be the responsibility of the supervisor to plan the 

intended work sufficiently to ensure that job planning and 

proper precautions have been taken. The EH&S Department is 

available for consultation. 
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INTRODUCTION 

CHAPTER 16 

LASER SAFETY 

This chapter of the LBL Health and Safety Manual, PUB-3000, provides 

guidance for the safe use of lasers and laser systems. It is derived 

from ANSI Zl36.1, Standard for the Safe Use of Lasers, prescribed by the 

Department of Energy (DOE). 

The ANSI Standard establishes a hazard classification scheme based 

on the ability of the laser beam to cause biological damage to the eye or 

skin. This scheme is used to place each laser into one of four classes; 

each laser must meet the laser safety requirements specified for its 

class. 

RESPONSIBILITIES 

Laser Safety Officer 

o Provides consulting services on laser hazards, on safety 

controls, and on training programs. 

o Suspends, restricts, or terminates the operation of a laser or 

laser system if he/she considers that the laser hazard controls 

are inadequate. 

o Maintains the necessary records required by applicable govern

ment regulations. 

o Approves all protective equipment used for the control of laser 

hazards. Provides an adequate stock of eye protective equipment. 
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o Inspects all laser areas as frequently as considered necessary. 

Accomp_anies DOE inspectors and documents any discrepancies 

noted. Ensures that corrective action is taken where required. 

o Reviews new installations (and modifications to installations 

that may increase the hazard to personnel) to ensure that the 

hazard control measures are adequate. 

o Investigates any known or suspected accident resulting from a 

laser operation and initiates appropriate action. 

o Provides an adequate stock of warning signs. 

o Assists supervisors 1n developing training programs. 

Laser System Supervisor 

o Knows all applicable procedures pertaining to laser safety 

including training requirements, hazards, and control measures. 

o Issues appropriate instructions and training materials on laser 

hazards and their control to all personnel prior to their work 

with lasers. 

o Suspends the operation of a laser when there is inadequate con

trol of laser hazards. 
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o Prepares an Operational Safety Procedure for Class 3 and Class 4 

lasers and laser systems and ensures that they are provided to 

users of such lasers. 

o Ensures that personnel using Class 3 and Class 4 lasers undergo 

a laser eye examination at the following times: 

o Prior to participation in laser work 

o Immediately after a suspected eye injury 

All scheduling of personnel for the laser eye examination will 

be initiated by notifying the Laser Safety Officer. 

o Notifies the Medical Services Department immediately of any 

known or suspected accident resulting from the operation of a 

laser. 

0 Assists in obtaining the appropriate medical attention for any 

employee involved in a laser accident. 

o Ensures that plans for laser installations or modifications of 

installations are submitted to the Laser Safety Officer for 

review. 

Employees Working with Lasers 

o Must not energize or work with or near a laser unless authorized 

by the laser system supervisor. 

o Must rec1eve appropriate training and comply with the safety 

regulations prescribed by the supervisor and the Laser Safety 

Officer. 

16-3 



0 Must notify the supervisor immediately of any known or suspected 

accident involving a laser. (If the supervisor is not avail

able, the employee must immediately notify the Medical Services 

Department.) 

ACQUISITION OF LASERS 

The Purchasing Department will notify the Laser Safety Officer of 

all laser requisitions. The following paragraph is excerpted from the 

LBL Administration Policy and Procedure Memorandum, Vol. 1, No. 9, issued 

March 19, 1975. 

"It is the responsibility of the user to notify the LBL Laser Safety 

Officer whenever the decision is made to fabricate, purchase or 

otherwise acquire a laser. This will facilitate the proper function

ing of the Laboratory's laser safety program and afford the user the 

opportunity to be informed about the safety considerations appropri

ate to the laser he is acquiring, prior to its actual use. To help 

ensure that oversights do not occur, the Purchasing Department has 

been asked to refer each requisition for a laser to the Laser Safety 

Officer to initial before an order is placed." 

OPERATIONAL SAFETY PROCEDURES 

Each laser or laser system shall have an Operational Safety Procedure 

(OSP) located near the unit. It shall contain at least: 

o Name of the laser system supervisor 

o List of authorized users 

o General description of the laser or laser system 
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o Specific safety control measures used 

o Specific alignment procedures used, if applicable 

o Eye protection used, if applicable 

o Emergency instructions 

The Operational Safety Procedure will be prepared from the latest 

OSP preparation guide. The OSP is prepared initially by the Laser Safety 

Officer and the Laser System Supervisor and sent periodically to the Laser 

System Supervisor for review and, if necessary, revision. 

LASER HAZARD CLASSIFICATIONS 

Injury potential from exposure to a laser beam 1s the basis of the 

following hazard classification scheme: 

o A Class 1 laser is one that is considered to be incapable of 

producing damaging radiation levels and is, therefore, exempt 

from any control measures. As a matter of good practice, any 

needless direct exposure of the eye to a Class 1 laser should 

be avoided. 

o A Class 2 laser emits accessible, visible radiation at levels 

where damage from chronic exposure is possible. Class 2 lasers 

must have a caution label affixed to the external surface of 

the device. 

o A Class 3 laser requires control measures to prevent viewing of 

the direct beam since biological damage to human tissue is pos

sible from acute exposure. Class 3 lasers are subdivided into 

two classes, Class 3a and Class 3b. (See "Control Measures" 

for details.) 
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o A Class 4 laser requires the use of controls which prevent 

exposure of the eye and skin to the direct and diffusely 

reflected beams. Whenever possible, the entire beam should be 

controlled. 

Lasers or laser systems certified for a specific class by a manufac

turer in accordance with the Federal Laser Product Performance Standard 

may be considered as fulfilling all classification requirements of this 

regulation. In cases where the laser or laser system classification is 

not provided, or where the class level may change because of a change 

from the use intended by the manufacturer, or because of the addition or 

deletion of engineering control measures, the laser or laser system may 

be classified by the Laser Safety Officer. The following tables give a 

summary of laser power/energy levels for continuous-wave (Table 1) and 

for single-pulsed lasers (Table 2). They are to be used for checking the 

classification of laser systems with output wavelengths between 200 nm 

and 1 mm. All laser systems are classified in accordance with their 

accessible radiation. 
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Wavelength 
Range 
(\lm) 

Ultraviolet 
o:2-0.4 

Visible 
0.4-0.55 

Visible and 
Near-Infrared 
0.55-1.06 

Near-Infrared 
1.06-1.4 

Far-Infrared 
1.4-102 

Submillimeter 
102_103 

Table 1. Summary of levels of power emissions for continuous-wavea laser and laser 
system classification. 

MPE 
Limiting Emission 
Aperture Duration 

(mm) (s) 

1 3 X 104 

7 3 x· 104 

7 3 X 104 

7 3 X 104 

1 >10 

11 >10 

Class 1b 

~0.8 x lo-9 w to ~8 x lo-6 w 
depending on wavelength 

<0.4 X 10-6 W 

<0.4 x lo-6 w to <200 x lo-6 w 
depending on wavelength 

~2oo x lo-6 w 

~0.8 X 10-3 W 

~0.1 w 

Class 2 Class 3 

>Class 1 but ~0.5 W 
depending on wavelength 

>Class 1 >Class 2 but <0.5N 
but -

<1 X 10-3 W 

>Class 1 but ~0.5 W 
depending on wavelength 

>Class 1 but ~0.5 W 

>Class 1 but ~0.5 W 

>Class 1 but ~0.5 W 

aEmission duration ~0.25 second. 

Class 4 

>0.5 w 

"0.5 w 

"0.5 w 

>0.5 w 

>0.5 w 

>0.5 w 

bWhen the design of the laser or laser system assures personnel exposures of less than 104 sec in any 24-hr period, the limiting 
exposure duration may establish a higher exempt power level (Pexempt>• 
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Table 2. Summary of levels (energy and radiant exposure emissions) for single-pulsed laser 
and laser system classification.a 

MPE 
Wavelength Limiting Emission 

Range Aperture Duration 
(~m) (mm) (s) Class 1 Class 3 

Ul travioletb 1 >lo-2 <24 x lo-6 J to 7.9 x lo-3 J >Class 1 but <10 J•cm-2 
0.2-0.4 

Visible 7 w-9 <0.2 x lo-6 J >Class 1 but <31 x lo-3 J•cm-2 
0.4-0.7 to 

0.25 <0.25 X 10-3 J >Class 1 but ~10 J•cm-2 

Near-Infraredc 7 w-9 <0.2 x lo-6 to 2 x lo-6 J >Class 1 but <31 x lo-3 J•cm-2 
0. 7-1.06 to 

0.25 ~0.25 x 10-3 tO 1.25 X 10-3 J >Class 1 but ~10 J•cm-2 

1.06-1.4 7 w-9 <2 x w-6 J >Class 1 but ~31 x lo-3 J•cm-2 
to 
0.25 ~1.25 X 10-3 J >Class 1 but ~10 J•cm-2 

Far-Infrared 1 w-9 ~80 X 10-6 J >Class 1 but ~10 J•cm-2 
1.4-102 to 

~3.2 X 10-3. J 0.25 >Class 1 but <10 J•cm-2 

Submillimeter 11 w-9 ~10 X 10-3 J >Class 1 but <10 J•cm-2 
102-103 to 

0.25 ~0.4 J >Class 1 but ~10 J•cm-2 

aThere are no Class 2 single-pulsed lasers. 

bwavelength dependent. (See ANSI Zl36.1, Table 5.) 

CDiffuse reflection criteria a~ply from lo-9 to 33 x lo-3 S for Class 3. For 33 x lo-3 S exposure, the maximum 
radiant exposure is 10 J·cm- • Class 1 and 3 values are wavelength dependent. (See ANSI Zl36.1, Fig. 8.) 

~\ 

Class 4 

>10 J•cm-2 

>31 x lo-3 J•cm-2 

>10 J•cm-2 

>31 x lo-3 J·cm-2 

>10 J•cm-2 

>Jl x lo-3 J•cm-2 

>10 J•cm-2 

>10 J•cm-2 

>10 J•cm-2 

>10 J•cm-2 

>10 J•cm-2 
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CONTROL MEASURES 

Control measures are applied after the laser has been properly 

classified. Control measures are divided into four categories: 

1. Physical (enclosures, interlocks, beam stops, etc.) 

2. Protective equipment (goggles, clothing, etc.) 

3. Warning devices (signs, lights, labels, etc.) 

4. Procedures 

Physical measures are almost always the preferred method for controlling 

access to laser radiation. 

Class 1: There are no control measures or warning labels required, 

but needless exposures of the eye should be avoided as a matter of good 

practice. 

Class 2: An appropriate warning label must be affixed to the laser 

housing or control panel (see Fig. 1), and it must have a protective 

housing. 

Class 3: Class 3 lasers are divided into two groups, Class 3a and 

Class 3b. Class 3a lasers are those which have an accessible output power 

between 1 and 5 times the lowest appropriate Class 3 exposure level and 

which do not exceed the appropriate maximum permissible exposure limit. 

For Class 3 visible lasers, the output range is 1-5 mW and the maximum 

beam irradiance is 2.5 mW/cm2 • Class 3a laser labels must have the 

signal word "CAUTION" and contain the following precautionary words: "DO 

NOT VIEW LASER BEAM WITH OPTICAL INSTRUMENTS" (see Fig. 2). All other 

provisions for Class 3 lasers are considered advisory rather than manda

tory for the Class 3a lasers. Class 3b lasers require the following 

additional control measures: 
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CAUTION 
CLASS 2 

LASER 
DO NOT STARE INTO BEAM. DO NOT VIEW 

LASER BEAM WITH OPTICAL INSTRUMENTS 

WAVELENGTH POWER/ENERGY 

Fig. 1. Class 2 (CAUTION) s~gn. 

CAUTIO.N 
CLASS 3a 

LASER 
DO NOT STARE INTO BEAM. DO NOT VIEW 

LASER BEAM WITH OPTICAL INSTRUMENTS. 

WAVELENGTH POWER/ENERGY 

Fig. 2. Class 3a (CAUTION) sign. 
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o Training: All persons must be duly informed about the potential 

hazards of their particular laser operation. 

o Engineering Controls: Priority must be given to the incorpora

tion of appropriate safety mechanisms (i.e., shutters, inter

locks, enclosures, beam stops, beam enlarging systems, etc.) as 

an integral part of the laser system. 

o Control Area: Only authorized personnel are allowed to operate 

laser systems. Spectators are not permitted into the area 

unless appropriate supervisory approval has been obtained and 

protective measures taken. If the laser beam is not enclosed, 

special emphasis must be placed on control of the path of the 

laser beam. The area must be posted with the appropriate warn

ing sign(s). (See the section on Warning Signs.) 

o Alignment Procedures: Must be performed in such a manner that 

the primary beam or a specularly reflected beam does not expose 

the eye to a level in excess of the maximum permissible exposure 

limit. 

o Equipment Labeling: Warning labels with the appropriate 

cautionary statement must be affixed to a conspicuous place on 

the laser housing (see Fig. 3 on page 16-14). 

o Eye Protection: Eye protection devices which are specifically 

designed for protection against radiation from the particular 

kind of laser should be used when engineering and procedural 

controls are inadequate. 

Class 4: High-power lasers require more rigid control measures 

because of the obvious risk of injury from the direct beam or specular 
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reflections and because there is a greater risk of injury from hazardous 

diffuse reflections. The entire beam path capable of producing hazardous 

diffuse reflections must be controlled. Controls must rely primarily on 

more positive engineering safeguards and secondarily on procedural 

methods. 

~n addition to the control measures outlined under Class 3 lasers, 

the following Class 4 control measures must be applied. 

o Key-switch: All lasers must be provided with an operative, 

keyed, master interlock or switching device. The key must be 

removable, and the laser must not be operable when the key is 

removed. 

o Control Area: Operations must be optically isolated ~n an area 

designated for laser(s), and access to the area must require 

appropriate authorization. The area must be posted with the 

appropriate warning sign(s) (see the section on Warning Signs). 

o Interlocks: Safety latches or interlocks must be used to 

deactivate the laser in the event of an unexpected entry into 

laser-controlled areas. The design of interlocks shall be such 

as to allow both rapid egress by the laser personnel and admit-

tance under emergency conditions. For such emergency conditions 

a control-disconnect switch (panic button) must be available for 

deactivating the laser. Interlocks must not allow automatic 

reenergizing of the power supply, but be designed so that the 

power supply or shutter must be reset manually. The person in 

charge of the laser-controlled area is permitted to momentarily 
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override the room access interlocks when continuous operation 

is necessary, but specification for the override must have the 

approval of the Laser Safety Officer. 

o Equipment Labeling: Warning labels with the appropriate 

cautionary statement must be affixed to a conspicuous place on 

the laser housing (see Fig. 4). 

ENCLOSED LASERS 

The protective housing on any Class 2, Class 3, or Class 4 laser 

system must limit the maximum accessible laser radiation to that level 

which defines the classification desired. The control measures appro

priate to the classification apply when the laser is in normal operation. 

Each enclosed laser system must be provided with a m1n1mum of two 

operative safety interlocks for any portion of the protective housing, 

which, by design, can be removed or displaced during normal operation. 

In this manner, failure of any single mechanical or electrical component 

1n the redundant interlock sys tern will not prevent the total interlock 

system from functioning. 

Viewing windows incorporated into an enclosed laser must be of a 

suitable filter material which attenuates the laser radiation to levels 

below the maximum permissible exposure limit. 

SPECIAL CONTROL MEASURES FOR INVISIBLE RADIATION 

Since infrared and ultraviolet radiation are invisible, particular 

care must be taken when using these laser systems. Thus, in addition to 
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CLASS 3b 
LASER 

lASER BEAM CAN CAUSE SEVERE 
EYE AND BODY TISSUE DAMAGE 

WAVELENGTH POWER/ENERGY 

Fig. 3. Class 3b (DANGER) sign. 

CLASS 4 
LASER 

LASER BEAM CAN CAUSE SEVERE 
EYE AND BODY TISSUE DAMAGE 

WAVELENGTH POWER/ENERGY 

Fig. 4. Class 4 (DANGER) s1gn. 
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the control measures which apply to the laser hazard classification, the 

following controls also apply. 

o Infrared lasers (>0.7 ~m): The beam from a Class 3 laser 

should be terminated by a highly absorbent, nonspecular back

stop. Class 4 laser beams should be terminated by a fire 

resistant material. (Note: Many surfaces which appear dull 

visually can act as reflectors of infrared radiation.) 

o Ultraviolet lasers (<0.4 ~m): Exposure to ultraviolet radia

tion must be minimized by using shield material which attenu

ates the radiation to levels below the maximum permissible 

limit for the specific UV wavelength. Special attention must 

be given to the possibility of producing hazardous byproducts, 

such as ozone, and the formation of skin-sensitizing agents. 

o For both infrared and ultraviolet lasers, a warning sign and 

light should be displayed in a conspicuous location, warning 

those in the area when the laser is being operated. 

LASER PROTECTIVE EYEWEAR 

Laser protective eyewear must be worn whenever operational conditions 

may result in a potential eye hazard. 

All protective eyewear must be clearly labeled with the optical 

density at the appropriate laser wavelength(s). Adequate optical density 

must be weighted with the need for adequate visible light transmission. 

Periodic inspection must be made to ensure that pitting, cracking, etc., 

will not endanger the wearer. The frame of the protective eyewear should 

also be inspected for mechanical integrity and light leaks. 
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Contact the Laser Safety Officer to select the appropriate laser 

eyewear. 

WARNING SIGNS 

All signs must be conspicuously displayed at entrances to controlled 

laser areas. Figure 5 shows a sample of a "blank" Class 3a (Caution) 

sign and Fig. 6, a sample of a "blank" Class 3b or Class 4 (Danger) sign. 

In the space above the tail on the sunburst, place any pertinent 

precautionary instructions or protective actions which are required, such 

as: 

o For Class 3a: "Laser Radiation--Do Not Stare into Beam or View 

·· Directly with Optical Instruments." 

o For Class 3b: "Laser Radiation--Avoid Direct Exposure to Beam." 

o For Class 4: "Laser Radiation--Avoid Eye or Skin Exposure to 

Direct or Scattered Radiation." 

Additional precautionary instructions or protective actions which 

may also be provided are: Invisible, Knock Before Entering, Do Not Enter 

When Light Is On, Restricted Area, etc. 

In the space below the tail on the sunburst, place the type of laser 

or laser system and its classification. 

MEDICAL SURVEILLANCE 

The basic reasons for performing medical surveillance of personnel 

working in laser environments are 'to establish a baseline against which 

damage can be measured and to identify certain workers who might be at 
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LASER WARNING SIGNS 

... 
Fig. 5. Class 3a (CAUTION) s1gn. 

Fig. 6. Class 3b and Class 4 (DANGER) sign. 

\ 
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special risk from chronic exposures. Medical exams are given for person-

nel using Class 3 and Class '4 lasers. The exams are required ·prior to 

laser use and :following suspected injury. 

Names of employees needing the special lase.r eye examination are 

submitted to the Medical Services Department by the Laser Safety Officer. 

Medical Services schedules each laser user for an examination. The 

elements of the examination include: 

o medical history 

o visual acuity 

o external ocular examination 

o examination by slit lamp 

o opthalmoscopy 

o manifest refraction, when indicated 

o fundus photographs with dilation for preassignment exams and 

exams following a suspected injury 

The examinations are performed by an optometrist under the 

supervision of a qualified physician in the Medical Services Department. 

Any employee with a suspected eye injury is referred to an 

ophthalmologist directly. In addition, all fundus photographs are 

reviewed by an opthalmologist. Employees with skin injuries are also 

seen by a physician. 

The Laser Safety Officer is notified by Medical Services when an 

examination has been completed. If an eye injury 1s found, the Laser 

Safety Officer will be notified immediately. 
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ASSOCIATED LASER HAZARDS 

The operation of lasers and laser systems, like any industrial or 

technological process, involves possible related hazards. Potential 

hazards related to laser use include: electrical, explosion, fire, 

compressed gases, cryogenic liquids, toxic materials, noise, ultraviolet 

light, and ionizing radiation. It is beyond the scope of this chapter to 

expand on these hazards. Additional information and/or referrals can be 

obtained from chapters in the LBL Health and Safety Manual, PUB-3000, or 

from the Safety Representative. 

16-19 



..... ..... 
s: 
)> 
....... 
:::z:: 
)> 
z 
c 
r-
z 
G) 



......... 

CHAPTER 17 

Materials Handling and Storage 

GENERAL . 

MATERIALS HANDLING 
Rules for Manual Lifting • 
Manual Lifting Steps 

CONTENTS 

Mechanical Lifting and Moving Equipment 
Suspended Loads 

STORAGE • 

CRANES 
Specification of New or Modification of Existing Cranes 
Inspections, Frequent 
Inspections, Periodic. 
Cranes Not in Regular Use 
Operation/Training 
Crack Detection 
Maintenance 
Rope Inspection 
Sizing, Attaching, and Moving the Load 

FORK LIFT TRUCKS 
General Safety Practices 
Training • 
Maintenance 
Crack Detection 
Fork Extensions 
Used Equipment 

LIFTING FIXTURES 

17-i 

17-1 

17-1 
17-2 
17-3 
17-4 
17-5 

17-5 

17-7 
17-7 
17-8 
17-8 
17-9 
17-9 
17-10 
17-10 
17-11 
17-11 

17-11 
17-11 
17-12 
17-12 
17-12 
17-12 
17-14 

17-14 



CHAPTER 17 

MATERIALS HANDLING AND STORAGE 

GENERAL 

The Laboratory requires that safety planning and practices for 

commonplace tasks be as thorough as for operations with unusual hazards. 

Commonplace tasks make up the greater part of the daily activities of 

most employees and, not unexpectedly, offer more potential sources of 

accidents with injuries and property damage. Every operation or work 

assignment begins and ends with handling of materials. Whether the 

material is a sheet of paper (paper cuts are painful) or a cylinder of 

toxic gas, accident risks can be reduced with thorough planning. Identi

fying obvious and hidden hazards should be the first step in planning 

work methods and job practices. Thorough planning should include all the 

steps associated with good management from job conception through crew 

and equipment decommissioning. 

Most of the material presented in this chapter is related to the 

commonplace and obvious. Nevertheless, a majority of the incidents lead

ing to injury, occupational illness, and property damage stem from failure 

to observe the principles associated with safe materials and handling and 

storage. 

MATERIALS HANDLING 

Lifting and moving of objects shall be done by mechanical devices 

rather than by manual effort whenever this is practical. The equipment 

used must be appropriate for the lifting or moving task. Lifting and 
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moving devices shall be operated only by personnel trained and authorized 

to operate them. Employees shall not be required to lift heavy or bulky 

objects that overtax their physical condition or capability. 

o Responsibilities 

The supervisor must make certain that personnel know how to move 

objects safely by hand or with mechanical devices in the operations 

normal to the area and must permit only those employees who are formally 

qualified by training and certification to operate a fork truck, crane, 

or hoist. The supervisor must enforce the use of safe lifting tech-

niques and maintain lifting equipment in good mechanical condition. 

Employees are required to observe all established safety regulations 

relating to safe lifting techniques. 

The Environmental Health & Safety (EH&S) Department provides train- ·-;~; 
I 

ing programs followed by certification for employees who have demonstrated 

the ability to operate fork trucks up to 4-ton capacity and cranes or 

hoists for incidental operations that require no special rigging. 

o Manual Lifting and Handling 

Manual lifting and handling of material must be done by methods 

which ensure the safety of both the employee and the material. It is 

Laboratory policy that employees whose work assignments require heavy 

lifting be properly trained and physically qualified, by medical exami-

nation if deemed necessary. 

Rules for Manual Lifting 

1. Inspect the load to be lifted for sharp edges, slivers, and wet 

or greasy spots. 
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2. Wear gloves when lifting or handling objects with sharp or 

splintered edges. These gloves must be free of oil, grease, or other 

agents which may cause a poor grip. 

3. Inspect the route over which the load is to be carried. It 

should be in plain view and free of obstructions or spillage which could 

cause tripping or slipping. 

4. Consider the distance the load is to be carried. Recognize the 

fact your gripping power may weaken over long distances. 

5. Size up the load and make a preliminary ''heft" to be sure the 

load is easily within your lifting capacity. If it is not, get help. 

6. If team lifting is required, personnel should be similar in size 

and physique. One person should act as leader and give the commands to 

lift, lower, etc. 

7. Two persons carrying a long piece of pipe or lumber should carry 

it on the same shoulder and walk 1n step. Shoulder pads should be used 

to prevent cutting shoulders and help reduce fatigue. 

Manual Lifting Steps 

To lift an object off the ground: 

1. Make sure of good footing and set your feet about 10 to 15 in. 

apart. It may help to set one foot forward of the other. 

2. Assume a knee-bend or squatting position, keeping your back 

straight. Get a firm grip and lift the object by straightening 

your knees -- not your back. 
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3. Carry the load close to your body (not on extended arms). To 

turn or change your position, shift your feet-- don't twist 

your back. 

The steps for setting an object on the ground are the same as above 

1.n reverse. 

o Mechanical Lifting Guide 

Mechanical devices must be used for lifting and moving objects that 

are too heavy or bulky for safe manual handling by employees. Employees 

who have not been trained must not operate power-driven mechanical devices 

to lift or move objects of any weight. Heavy objects that require special 

handling or rigging must be moved only by riggers or under the guidance 

of employees specifically trained and certified to move heavy objects. 

Mechanical Lifting and Moving Equipment 

Each mechanical lifting or moving device must be inspected periodic-

ally. Each lifting device must also be inspected before lifting a load 

near its rated capacity. Defective equipment must be repaired before it 

is used. The rated load capacity of lifting equipment must not be 

exceeded. 

Material moving equipment shall be driven forward going up a ramp 

and driven backward going down a ramp. 

Traffic must not be allowed to pass under a raised load. 

The floor-loading limit must be checked before mobile lifting equip-

ment enters an area. 

Passengers must not be carried on lifting equipment unless it 1.s 

specifically equipped to carry passengers. 
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Suspended Loads 

Loads moved with any material handling equipment shall not pass over 

any personnel. The load path shall be selected and controlled to elimi

nate the possibility of injury to employees should the material handling 

equipment fail. 

Equipment worked on while supported by material handling equipment 

must have a redundant supporting system capable of supporting all loads 

which could be imposed by failure of the mechanical handling equipment. 

A suspended load shall never be left unattended but shall be lowered to 

the working surface and the material handling equipment secured before 

leaving the load unattended. 

o Packing and Unpacking 

Material being shipped off site shall be packed or crated by Ship

ping personnel. Boxes, wooden crates, and other packing materials shall 

be safely consigned to waste or salvage as soon as practicable following 

unpacking. 

o Truck Loading 

All objects loaded on trucks must be secured to the truck to prevent 

any shifting of the load in transit. The wheels of trucks being loaded 

or unloaded at a loading dock must be blocked to prevent movement. 

STORAGE 

All areas controlled by the Laboratory must be kept in orderly and 

clean condition and used only for activities or operations for which they 

have been approved. The following specific rules must also be followed: 
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o Keep stairs, corridors, and aisles clear. Traffic lanes and 

loading areas must be kept clear and marked appropriately. 

o Store materials in work rooms or designated storage areas only. 

Do not use hallways, fan lofts, or boiler and equipment rooms as 

storage areas. 

o Do not allow exits, passageways, or access to equipment to become 

obstructed by either stored materials or materials and equipment 

that is being used. 

o Arrange stored materials safely to prevent tipping, falling, 

collapsing, rolling, or spreading--that is, any undesired and 

unsafe motion. 

o Do not exceed the rated floor capacity of stored material for the 

area. The load limit and the maximum height to which material 

may be stacked must be posted. 

o Place materials such as cartons, boxes, drums, lumber, pipe, and 

bar stock in racks or in stable piles as appropriate for the type 

of material. 

o Store materials that are radioactive, fissile, flammable, 

explosive, oxidizing, corrosive, or pyrophoric only under condi-

tions approved for the specific use by the EH&S Department. 

o Segregate and store incompatible materials in separate locations. 

o Remove items that will not be required for extended periods from 

work areas and put them in warehouse storage. Call Stores for 

assistance. 

17-6 



Temporary equipment required for research projects or support 

activities shall be installed so that it will not constitute a hazard. 

Passageways and work spaces in the area should be at least 44 in. wide; 

a minimum clearance of 36 in. must be maintained around electrical power 

panels. Wiring and cables must be installed in a safe and orderly manner, 

preferably in cable trays. Machinery and possible contact points with 

electrical power must have appropriate guarding. The controls for tempo

rary equipment must be located to prevent inadvertent actuation or awkward 

manipulation. Heat-producing equipment must be installed to avoid acci

dental ignition of combustible materials or touching of surfaces above 

60°C (140°F). 

Every work location must be provided with illumination that meets 

the requirements in the DOE Order 6430, Chapter VI. Evaluation of illum

ination quality and requirements will be made by the Plant Engineering 

Department, but the supervisor of an area is responsible for obtaining 

and maintaining suitable illumination. 

Areas without natural lighting and areas where hazardous operations 

are conducted shall be provided with enough automatically activated emer

gency lighting to permit exit or entry of personnel if the primary light

ing fails. 

CM~S 

Specification of New or Modification of Existing Cranes 

The Plant Engineering Department shall be responsible for establish

ing design parameters relating to general requirements, cabs, footwalks 
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I 
and ladders, stops and bumpers and rail sweeps, brakes, electric equip-

ment, hoisting equipment, warning devices, and other appurtenances to 

cranes as required in Occupational Safety and Health Standards 29 CFR 

1910.179. The EH&S Department shall review specifications developed by 

the Plant Engineering Department. 

Inspections, Frequent 

o All functional operating mechanisms for maladjustment interfering 

with proper operation; daily. 

o Deterioration or leakage in lines, tanks, valves, drain pumps, and 

other parts of air or hydraulic systems; daily. 

o Hooks with deformation or cracks. Visual inspection daily; monthly 

inspection with signed reports. Hooks with cracks or having 

deformation more than 15% in excess of normal throat opening or 

more than 10° twist from the plane of the unbent hook shall be 

discarded. 

o Rope slings, including end connections, for excessive wear, broken 

wires, stretch, kinking, or twisting. Visual inspection daily; 

monthly inspection with signed report. 

o All functional operating mechanisms for excessive wear of 

components. 

o Rope reeving for noncompliance with manufacturer's recommendations. 

Inspections, Periodic 

Complete inspection of the crane shall be performed at intervals 

depending upon the severity of service and environment by the Construction 

and Maintenance (C&M) Department personnel according to OSHA requirements. 
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Cranes Not in Regular Use 

A crane which has been idle for a period of over six months shall be 

inspected according to OSHA requirements before being placed in service. 

Standby cranes shall be inspected at least semiannually. 

Operation/Training 

There are two types of heavy duty cranes at the Laboratory. Bridge 

cranes are classified as cab-operated or pendant-operated. Mobile cranes 

consist of a boom and controls mounted on a truck chassis. 

Bridge and mobile cranes shall be operated only by operators desig

nated by the supervisor in charge of the facility. The supervisor is 

also responsible for ensuring that operators are qualified, carry out the 

inspections (see below), and follow the safe operating rules explained in 

the Operator/Rigger Training Program. 

The Operator/Rigger Training Program is administered by the EH&S 

Department. The training staff consists·of a qualified crane consultant, 

professional riggers, and the EH&S staff. There are two levels of 

required training and performance: 

1. Professional Operator/Rigger: Person whose principal ass~gn

ment includes crane operation and rigging functions. It shall 

be the responsibility of the head professional operator/rigger 

to ensure that those professional operator/riggers under his/her 

supervision maintain the necessary qualifications. 

2. Incidental Operator/Rigger: Person who performs operating/ 

rigging functions as an incidental part of his/her normal work 

assignment. Persons ~n this category are restricted to lower 

load limits and rigging of specific types of hardware. 
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Incidental operator/riggers shall be reexamined at least once 

every three years. 

Designated operator/riggers shall have blue Government identifica-

tion cards (Federal form 46), endorsed according to (1) and (2) above. 

As required by DOE, the LBL crane safety program shall comply with 

ANSI B30.5, OSHA Standards 29 CFR 1910.179, and the DOE Hoisting and 

Rigging Manual. 

Before an employee may operate any of these cranes, the supervisor 

shall arrange for the employee to receive operator/rigging training on 

the appropriate crane. Successful completion of the training shall 

include an oral or written examination on the safety aspects of crane 

operation and a demonstration of operational skills. 

Crack Detection 

All crane hooks and lifting fixtures shall be magnafluxed at least 

every four years. This will normally coincide with the certification 

load testing and inspection. 

The person in charge of a crane may request testing of hooks and/or 

lifting fixtures more frequently than every four years. The person in 

charge must give the C&M Department a schedule of the desired frequency 

for testing the hook so that the C&M Department can include disassembly 

of the hook block in their schedule for preventive maintenance of a 

particular crane. 

Maintenance 

Routine maintenance, adjustments, and repairs shall be performed by 

the Maintenance Section of the C&M Department according to its established 

schedules and according to OSHA requirements. 
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• Rope Inspection 

Running ropes shall be thoroughly inspected at least once per month, 

and a full, written, dated, and signed report of rope conditions must be 

kept on file to be available for appointed personnel. 

Sizing, Attaching, and Moving the Load 

The crane shall not be loaded beyond its rated load except for test 

purposes. Hoist chain or hoist rope shall be free of kinks or twists and 

shall not be wrapped around the load. Crane operators and floor men 

shall follow the OSHA requirements relating to moving the load. Refer to 

OSHA 1910.179 (n) (3). 

For further information call the EH&S Department, EXT. 5251. 

FORK LIFT TRUCKS 

General Safety Practices 

Users shall familiarize themselves and comply with OSHA Standard 29 

CFR 1910.178 and ANSI B56.1. 

o Modifications and additions which affect safe operation shall 

not be performed by the customer or user without manufacturer's 

prior authorization. Where such authorization is granted, 

capacity, operation and maintenance instruction plates, tags, or 

decals shall be changed accordingly. 

o If the truck is equipped with front end attachments, the user 

shall see that the truck is marked identifying the attachments 
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and showing the approximate weight of the truck and attachment 

combination and the capacity of the truck and attachment 

combination at maximum elevation with load laterally centered. 

o The user shall see that all nameplates and caution and instruc-

tion markings are in place and legible. 

o The user shall consider that changes in load dimension may 

affect truck capacities. 

Training 

Personnel who are to operate fork lifts shall be carefully selected 

for competence and physical and mental fitness and shall be trained as 

specified in Chapter 24 of this manual. 

Maintenance 

Because fork lift trucks may become hazardous if maintenance is 

neglected or incomplete, procedures for maintenance shall comply with 

ANSI B56.1 Section 7 and OSHA Standard 29 CFR 1919.178 g. 

Crack Detection 

Whenever components have been stressed beyond capacity or on 

request by the forklift supervisor, magnetic particle inspection shall 

be made, primarily at the heel of the forks. Call NDT Lab, EXT. 5634 or 

5251 for service. 

Fork Extensions 

Maximum efficiency, reliability, and safety requ~re that the use of 

fork extensions be guided by principles of proper application, design, 

fabrication, use, inspection, and maintenance. The user shall notify 

the EH&S Department before purchasing extensions or having them ·---
fabricated. 

(. . 
~ 
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Fork extensions are only appropriate for occasional use. When 

longer forks are needed on a regular basis, the truck should be equipped 

with standard forks of a longer length. 

Routine on-the-job inspections of the fork extension should precede 

each use unless, in the judgment of the supervising rigger, less frequent 

inspections are reasonable because of his/her knowledge of its use since 

the last inspection. Extensions shall be inspected for evidence of bend

ing, overload, excess corrosion, cracks, and any other deterioration 

likely to affect their safe use. 

All fork extensions shall be proof load tested to establish or 

verify its rated capacity regardless of whether they were supplied com

mercially or fabricated at LBL. A load equal to the rated capacity of 

the pair, at a particular load center multiplied by 1.15, shall be placed 

on each fork extension and fork assembly and supported for a period of 

five minutes without any significant degree of deformation. Rated capac

ity shall be determined at significant load centers, including the mid

point of the extension and at the tip. Once determined, the rated capac

ity and load center information shall be shown by stamping or tagging the 

extensions in a protective location of low stress. The proof load test 

shall be witnessed by a mechanical engineer or designer from the Mechani

cal Engineering or EH&S Departments. 

Whenever evidence of deterioration is detected or whenever the 

extensions have been overloaded, magnetic particle inspection shall be 

performed. Call NDT Lab, EXT. 5634 or 5251 for service. 
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Used Equipment 

The EH&S Department shall be notified whenever it is desired to 

acquire a fork lift truck from excess sources. (See Policy and Procedure 

Memo, Vol. VI~- No. 35, August 31, 1981). 

LIFTING FIXTURES 

All lifting fixtures such as shackles, hoist rings, eye bolts, and 

LBL-designed lifting fixtures shall be inspected at least once every four 

years (or upon request), using magnetic particle detection methods. 

Arrangements should be made with the NOT Lab, EXT. 5634, to send 

lifting fixtures to Building 76, Room 129, for inspection. After inspec-

tion, each fixture will be splashed with a color to indicate that it has 

been checked. A different color code will be used every four years. 

All LBL-designed lifting fixtures shall be designed according to 

guidelines, refer to PUB-3001, Section II, under Design and Use of 

Handling Equipment. The fixtures shall be load tested to 125% of rated 

capacity. A magnetic particle inspection shall be made before and after 

the load test. The mechanical engineer/designer shall be responsible for 

overseeing and approving the load test and the crack detection inspection 

of the ·fixture. 
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CHAPTER 18 

NOISE 

INTRODUCTION 

This chapter contains information on the effects, evaluation, and 

control of noise. For assistance 1n evaluating a noise problem, contact 

the Industrial Hygiene Group of the Environmental Health and Safety 

Department at EXT. 5829. For assistance with personal hearing problems, 

contact the Medical Services Department at EXT. 6266. 

EFFECTS OF NOISE ON HEARING 

Exposing the ear to high levels of noise may cause hearing loss. 

This loss can be temporary or permanent. Temporary hearing loss or audi-

tory fatigue occurs after a few minutes exposure to an intense noise and 

is recoverable following a period of time away from the noise. If the 

noise exposure is repeated, there may be only a partial hearing recovery 

and the loss becomes permanent. Typically, significant hearing losses 

occur first in the frequency range of 3,000 to 6,000 hertz (Hz). Losses 

in this frequency range are not critical to speech perception, and the 

individual usually is completely unaware of this initial symptom. With 

longer exposures, the hearing loss spreads to lower frequencies, which 

will affect speech perception. Workers' Compensation laws regard hearing 

losses in the speech frequency range of 500 to 3,000 Hz as being 

compensable. 

The evaluation of hearing loss due to noise is complicated by the 

fact that hearing acuity normally decreases with increasing age. Further, 
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the losses associated with age are quite similar to those caused by exces-

sive noise since the hearing for high frequency sounds is most affected 

in both instances. Hearing impairment may also result from infections, 

tumors, and degenerative diseases. 

STANDARDS FOR OCCUPATIONAL NOISE EXPOSURES 

DOE has prescribed the limits established by the American Conference 

of Governmental Industrial Hygienists as a standard for occupational noise 

exposure. (Refer to Table 1.) Both the sound pressure level of the noise 

and the total duration of the noise exposure are considered to determine 

if these limits are exceeded. The sound pressure levels are expressed as 

dBA or decibels A-weighted. A-weighting filters are used when measuring 

sound levels to more accurately predict the response of the human ear to 

different frequencies. 

Duration 
(hours) 

16 
8 
4 
2 
1 

1/2 
1/4 
1/8 

Table 1. 

Noise Level 
(dBA) 

80 
85 
90 
95 

100 
105 
110 
115 

Exposure to continuous noise above 115 dBA is not permitted without ear 
protection. 
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These limits are more conservative than those enforced by the Occu

pational Safety and Health Administration. 

When the daily noise exposure is composed of two or more periods of 

noise of different levels, their combined effect must be considered rather 

than the individual effect of each. 

Personnel must not be exposed to impact noises exceeding 140 dBA. 

Impact noises occur at intervals of greater than one per second. For 

example, the noise made by a metal shear. 

NOISE CONTROL METHODS 

Noise exposure can be reduced by using engineering controls, adminis

trative procedures, or personal protective devices. 

Engineering Controls 

Reduction of noise production at the source: 

o Proper design of new machines 

o Modification of present machines 

o Proper repair and upkeep of equipment 

o Use of appropriate mufflers 

o Use of vibration dampeners on machines 

Reduction of noise transmission: 

o Increase distance between noise and personnel exposed 

o Construction of barriers between noise source and personnel 

o Sound treatment of ceilings and walls 

Administrative Procedures 

o Job schedule changes 

o Personnel rotation 
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Personnel Protective Devices 

o Earplugs 

o Earmuffs 

Federal and state occupational safety and health regulations require 

that whenever employees are exposed to excess1ve noise levels, feasible 

engineering or administrative controls must be used to reduce these 

levels. When these control measures cannot be completely accomplished 

and/or while such controls are being initiated, personnel must be pro-

tected from the effects of excessive noise levels. Such protection can, 

in most cases, be provided by wearing suitable protective hearing devices. 

The Medical Services Department will supply and fit earplugs for 

employees upon request. There is a need for medical supervision when 

earplugs are used because their effectiveness depends on proper fitting. 

Only approved plugs should be used. Earplugs should be cleaned daily to 

prevent ear infections. 

Earmuffs are available from the Central Storeroom upon request. 

These come in one size only, intended to fit all persons. 

A description of the hearing devices available at LBL and where they 

can be obtained is given in Table 2. 

Protection greater than that provided by a single device can be 

obtained by wearing earplugs under an earmuff. While the reduction pro-

vided by wearing both devices simultaneously is considerably less than the 

sum of the individual attenuations, it is still greater than when either 

device is worn separately. 
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Table 2 

Hearing Protective Device 

Earmuffs: MSA Noisefoe 
Mark IV 

U.S. Safety Trifit 

Earplugs: Wilson Sound Silencer 

AUDIOMETRIC TESTS 

E.A.R. Soft Polymer 
Foam 

Comfit 

Location 

Stores Cat. # 
4240-59539 

II 

Medical Services 

Medical Services 

Medical Services 

The measurement of hearing is called audiometry. Audiometric tests 

are used to determine whether or not the hearing of workers is adversely 

affected by noise. 

The Medical Services Department gives an audiometric test to every 

employee during the preplacement physical exam. Thereafter, an audio-

metric test is given to all employees at the time of their periodic phys-

ical examination. In addition, all employees whose noise exposures equal 

or exceed an eight-hour, time-weighted average of 85 dBA will be given an 

initial baseline audiometric test that must be preceded by at least 14 

hours without exposure to workplace noise. Thereafter, the test will be 

repeated annually. 

To reduce unwanted noise, the audiometric test is administered by 

placing each individual 1n a sound-insulated booth. Earphones are placed 

on the individual's head and a microprocessor audiometer presents a series 
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of fixed frequency pure tones between 500 and 8000 Hz ~n each ear. These J 
frequencies include the most useful range of hearing, as well as those 

frequencies most likely to show changes as a result of exposure to 

damaging levels of noise. By comparing tests taken at successive 

intervals, it can be determined how an employee's hearing ability ~s 

affected by a noisy environment. 

NUISANCE NOISE 

Nuisance noises are noises that are not intense enough to cause 

hearing loss but do disturb or interfere with normal activities, such as: 

o Speech communication 

o Telephone communication 

o Listening to TV or radio broadcasts 

o Concentration during mental activities 

o Relaxation 

o Sleep 

The amount of interference is dependent upon the intensity of the 

noise and its characteristics, such as steady versus intermittent noise, 

high or low pitch. The amount of interference may also depend upon the 

person's personality, attitude toward the source, familiarity with the 

noise, and the intrusiveness of the noise. What is music to one ear may 

be noise to another! 

Some typical levels of noise sources and some qualitative measures 

of communication difficulties encountered are given ~n Table 3. 
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Table 3. Typical Background Levels and Quality of Person-to-Person Communication. 

Background Noise Levels 
and Hazard Level 

Typical Levels In dBA 

Very quiet office 30 dBA 
to 

40 dBA 

Ordinary 
Conversation 

Home vacuum 
cleaner 

Hearing damage 
begins 

Heavy city 
traffic 

40 dBA 
to 

50 dBA 

to 

60 dBA 

to 

70 dBA 

to 

80 dBAa 

to 

90 dBAa 

Required Voice Levels 

Normal Voice 

Satisfactory 
Greater than 30 ft 
separation 

Satisfactory 
to 30 ft 
separation 

Satisfactory 
to 6 ft 
separation 

Satisfactory 
to 3 ft 
separation 

Satisfactory 
to 1 ft 
separation 

Difficult 

Raised Voice 

Satisfactory 
to 12 ft 

Satisfactory 
to 6 ft 
separation 

Satisfactory 
to 3 ft 
separation 

Satisfactory to 
1 ft separation 
Slightly difficult 
to 6 ft 
separation 

to Unsatisfactory Difficult 

Air 
Compressor 95 dBA 

Shouting 

Slightly 
difficult 
to 6 ft 
separation 

Slightly 
difficult 
to 1 ft 
separation 

Effects on Verbal Communication 

Telephone Use Conference 

Satisfactory 

Satisfactory 

Satisfactory 
to slightly 
difficult 

Slightly 
difficult 

Difficult 

Unsatisfactory 

Large 

15 ft table 

8 ft table 

5 ft table 

Unsatisfactory 

aEarplugs and/or earmuffs can be worn with no adverse effects on communication. 
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CHAPTER 19 

PERSONAL PROTECTIVE EQUIPMENT 

GENERAL 

The Laboratory shall provide suitable equipment to protect employees 

from hazards in the workplace. The Environmental Health and Safety 

(EH&S) Department shall advise on what protective equipment is required 

for the task, but the supervisor of the operation must obtain this equip

ment and see that it is used. 

Protective clothing is not a substitute for adequate engineering 

controls. 

PROTECTIVE CLOTHING 

Criteria for Issue 

Protective clothing shall be issued to employees who work with 

hazardous material for the purpose of protecting their health and safety. 

The EH&S Department 1s available for consultation as needed. 

Authority 

Supervisors shall authorize protective clothing for their employees; 

it will be issued from the Central Storeroom, with the approval of a 

person authorized to sign on the particular account, as shown in the 

Account Authorization Book. 

Radioisotope Areas 

Protective clothing shall be monitored for radioactive contamination 

before being sent to the laundry. 
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FOOT PROTE.CTION 

The Laboratory encourages the wearing of safety shoes by making them 

available to any employee at cost from a manufacturer's shoemobile. For 

certain types of work the wearing of safety shoes is required by Labora

tory policy or by federal regulations. Examples are: where employees 

are exposed to foot injuries from hot, corrosive, or poisonous substances; 

in shops, in equipment handling, or 1n construction jobs where there is a 

danger of falling objects; or in abnormally wet locations. 

When shoes are required by Laboratory policy, the Laboratory (the 

department requesting this protection) will contribute an amount set each 

year by the Director's Office. However, if the total cost of shoes 

(including sales tax) selected by the employee exceeds this amount, the 

difference must be paid by the employee. Authorization forms are avail

able from the Central Storeroom. The shoemobile sells safety shoes 

without the supervisor's authorization when employees wish to purchase 

them through the low-cost program (payroll deduction). Safety shoes are 

furnished by LBL for certain off-site operations where a formal hazard 

evaluation has established the need for this protection. 

HAND PROTECTION 

The Laboratory provides proper hand protection to employees exposed 

to known hand hazards. The supervisor shall obtain the suitable hand 

protection and assure that it is used. The Central Storeroom stocks hand 

protection the EH&S Department designates. The individual department 

shall maintain a supply of special or infrequently used hand protection. 
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Assistance in selecting the proper hand protection may be obtained 

by consulting EH&S. 

HEAD PROTECTION 

The Laboratory provides appropriate head protection for employees to 

protect them from head or other injuries that could result from their 

working environment. Some head protection devices are available from 

stock. The supervisor shall also maintain sufficient supply of head 

protection for visitors in the area. 

EYE PROTECTION 

The Laboratory provides appropriate eye protection for employees 

assigned to tasks in which an eye-injury hazard exists. The supervisor 

of the operation is responsible for determining the need for suitable 

eye-protection devices and for assuring that the employees use them. 

The EH&S and Medical Services Departments shall assist the super

visor in defining eye-hazard operations and in selecting appropriate eye 

protection. An optometrist is available to issue, repa1r, adjust, and 

fit personal safety glasses and also for consultation regarding occupa

tional eye protection. The standard sign, CAUTION--EYE HAZARD AREA--DO 

NOT ENTER WITHOUT EYE PROTECTION, shall be posted in every area where eye 

protection is mandatory. All employees who work in such an area must 

wear the eye protection issued to them. Every visitor to the area must 

also be provided with suitable eye protection. 
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Types of Eye-Protection Equipment 

Eye-protection devices are classified 1n four categories: 

o Personal safety glasses issued through Medical Services 

o Goggles, face shields, etc., available from the Central 

Storeroom 

o Temporary safety glasses provided to visitors 1n eye-hazard 

areas 

o Laser safety eyewear issued by the Laser Safety Group (See 

Chapter 16, Laser Safety, for information on obtaining eyewear 

approved for protection against laser light.) 

Eligibility for Personal Safety Glasses 

All full-time employees who engage 1n eye-hazard operations are 

eligible to obtain prescription safety glasses at Laboratory expense. 

Potential eye-hazard operations are those that produce flying particles 

(e.g., using machining equipment or portable power tools), that involve 

the handling of hazardous liquids (e.g., chemical labs or plating and 

plastic shops), and that involve exposure to intense light, (e.g., 

working with UV). Prescription or nonprescription dark glasses are 

available only upon completion of the REQUEST FOR TINTED SAFETY GLASSES 

form by the supervisor. This form is available from the Safety Glasses 

Office in Bldg. 26. 

Issuance of Safety Glasses 

The supervisor determines the need for safety glasses, and the 

employee makes an appointment with the optometrist at the Medical Services 

Department if prescription glasses are required. Nonprescription (plano) 
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glasses may be fitted by the Medical Services Department personnel from 

stock kept in Building 26. Arrangements may be made for the above 

services by calling EXT. 7378. 

The optometrist can perform refractions only for those employees 

requiring safety glasses. A prescription from an employee's personal eye 

doctor can be used; however, the fee for the personal doctor's services 

must be paid for by the employee. Issuance of the prescription safety 

glasses must be done by the optometrist to assure proper fit. Replace

ment glasses may be ordered from prescriptions on file as long as the 

prescription is less than 2 years old. 

Adjustments and Repairs 

The optometrist or technicians are available to adjust and repair 

glasses. Call the Safety Glasses Office at EXT. 7378 to schedule an 

appointment • 

Safety Glasses for Part-Time Employees 

Wherever possible, eye-protection equipment available at the Central 

Storeroom should be used by part-time or short-term employees. Where this 

type of eye protection is inadequate or unreasonable, personal safety 

glasses shall be issued as outlined above. 

EAR PROTECTION 

See Chapter 18 on Noise. 
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RESPIRATORY PROTECTION 

Introduction 

Any operation that generates harmful airborne levels of dusts, 

fumes, spray~, mists, fogs, smokes, vapors, or gases or that may involve 

oxygen-deficient atmospheres requires the use of effective safety con-

trols. This must be accomplished, as much as feasible, by accepted engi-

neeri~g control measures (for example, enclosure or confinement of the 

operation, general and local ventilation, and substitution of less toxic 

mat~rials). When effective engineering controls are not feasible, or 

while they are being instituted, appropriate respiratory protection shall 

be used in accordance with LBL requirements as prescribed by DOE in ANSI 

288.2-1980, Standard Practices for Respiratory Protection. 

Responsibilities 

To ensure that the respiratory protection program is conducted in 

accordance with ANSI 288.2-1980, certain responsibilities are required of 

each employee, supervisor, the EH&S Department, and the Medical Services 

Department. 

Employees are responsible for: 

o Wearing the respirator in accordance with the instructions and 

training received. 

o Maintaining and storing the respirator 1n good condition. 

o Returning the respirator at the end of the required use for 

overhaul, cleaning, and disinfection. 

Supervisors are responsible for: 

o Identifying those employees who may need to use respiratory 

protection (EH&S Department will provide assistance upon 

request in this determination). 
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o Ensuring that their employees have been properly trained and 

fitted. 

o Ensuring that their employees use the respirators as required. 

EH&S Department is responsible for: 

o Providing respiratory equipment. 

o Maintaining the equipment in good condition. 

o Fitting employees with proper respirators and providing 

training for their use. 

o Evaluating employee exposures and work conditions, including 

inspection of respirator use. 

Medical Services Department is responsible for: 

o Granting medical approval for each respirator user. 

Respiratory Protective Equipment 

The EH&S Department has selected the types of respiratory protective 

equipment to be used at LBL. Any changes to protective equipment, its 

application, or the substitution of alternative protective equipment must 

be approved by the EH&S Department before its use. 

LBL has a wide variety of respiratory protective equipment available. 

Each respirator has certain capabilities and limitations that are taken 

into account when issued. This equipment is issued by the Industrial 

Hygiene Group of the EH&S Department, located at Building 26, Room 030. 

It is advisable to make an appointment by calling EXT. 5829. 

The types of respiratory protective devices provided by LBL are 

described below. 

o Disposable dust masks are approved for protection against low 

(nonhazardous) levels of nuisance dusts. They provide no 
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protection against vapors or gases, and they cannot be used in 

oxygen-deficient areas. There are no applicable training or 

fitting restrictions. 

o Air-purifying, half- and full-face masks are approved for 

protection against low concentration of toxic particulates, 

organic vapors, acid gases, and ammonia. Specific cartridges 

mus·t be selected for protection against each material. They 

must never be used in atmospheres deficient in oxygen, when 

carbon monoxide or oxides of nitrogen are suspected, or when 

conditions prevent a good face seal. Such conditions may be a 

growth of beard, sideburns, a skullcap that projects under the 

facepiece or temple pieces on eyeglasses. Users must be 

trained, fitted, and medically approved before they can be 

issued a respirator. 

o Supplied-air, half- and full-face masks may be used in atmo

spheres unsuitable for air-purifying respirators but cannot be 

used in areas which are immediately dangerous to life or health. 

Compressors are normally used to supply breathing air, but com

pressed air cylinders may also be used. The user must be medi

cally approved, trained, and fitted before using this equipment. 

Personnel will not be fitted or issued a respirator if there is 

any condition which may prevent a good face seal, such as a 

beard, sideburns, skullcap, or temple pieces on eyeglasses. 

o Supplied-air hoods are approved for respiratory protection in 

any atmosphere not immediately dangerous to life or health, and 
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from which the wearer can escape without the aid of a respira

tor. The user must be medically approved and trained in its 

proper use. The presence of a beard, sideburns, skullcap, or 

eyeglasses will not affect the performance of this type of 

respirator. 

o A supplied-air, sandblast hood is available for sandblasting at 

remote outdoor sites at the Laboratory. It is equipped with its 

own blower. Personnel must be medically approved and properly 

trained before its issue. 
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DEFINITIONS 

Engineering Safety Note 
(ESN) 

Safety Logbook 

Engineering 
Safety Note Equivalent 

(ESNE) 

Operational Safety 
Procedure (OSP) 

Research/Programmatic 
Pressure Systems 

Plant Facility 
Pressure System 

CHAPTER 20 

PRESSURE SAFETY 

A management-approved design document 
specifying that every practical precaution 
has been taken in the design of equipment to 
minimize all severe and unusual hazards. 
Required for all pressure vessels and 
pressure systems. 

The Safety Logbook is located in Bldg. 90, 
Room 2148. This logbook is used primarily 
for short and routine safety cases involving 
research pressure systems. 

A note in Safety Logbook that includes 
the approved design and hazard information 
of an ESN. This note must be used primar
ily for short and routine safety cases with 
calculations and/or drawings included where 
required. 

A management-approved operational document 
that specifies personnel competence and 
administrative controls required for safe 
operation of hazardous equipment. An OSP 
that specifically names the Responsible 
Experimenter is required for operation of 
every high-hazard pressure vessel and 
pressure system. 

Pressure vessels and pressurized research 
equipment for scientific and development 
experiments. 

Pressure vessels and pressurized utility 
equipment for plant buildings and facilities. 
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I. RESEARCH/PROGRAMMATIC PRESSURE SYSTEMS 

GENERAL 

Every Laboratory department involved in the construction and use of 

pressure equipment for research/programmatic needs must assume an active 

role in the Pressure Safety Program defined herein. This role requires 

·that: 

1. Department personnel be qualified to perform the pressure work 

assigned to them. 

2. Pressure vessels and pressure systems must be designed, 

assembled, and installed in accordance with PUB-3001, Rules 

and Procedures for the Design and Test of Hazardous Research 

Equipment. 

3. AN ESN or ESNE assuring design adequacy must be written, 

reviewed, and approved for each pressure vessel and pressure 

system prior to its operation. 

4. An OSP must be prepared for all high-hazard pressure equipment 

for approval by the Environmental Health and Safety (EH&S) 

Department and the Mechanical Safety Subcommittee. 

5. The Mechanical Engineering Department must establish and main

tain a complete and up-to-date file of Engineering Safety Notes 

for all hazardous research equipment. 

6. The designer is directly responsible for the design, procure

ment, assembly, installation, testing, and retesting of all 

pressure equipment. 

7. The user ~s directly responsible for operation, inspection, and 

maintenance of all pressure equipment under his control. 
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The Pressure Safety Program is administered and monitored by the 

Mechanical Engineering and the EH&S Departments. The Pressure Safety 

Engineer is a member of the Mechanical Safety Subcommittee (see Chap. 1, 

p. 1-16: Safety Review Committee) and is available to the designer and 

user for rev~ew of the pressure vessel design and for pressure safety in

struction and consultation. After the pressure equipment has been fully 

designed, fabricated, assembled, installed and tested, all in accordance 

with LBL pressure safety requirements, a member of the Mechanical Safety 

Subcommittee will perform a complete inspection of the pressure equipment 

prior to approving it for operation. A record of this inspection must be 

included in the ESN file. 

The Engineering Coordinator, who is a member of the EH&S Department, 

will be responsible for monitoring the design review, installation, in

spection process, and overall mechanical safety of pressure systems. 

Maintenance and proper operation of the pressure equipment is the 

responsibility of the user. 

RESPONSIBILlTY 

Department Head 

Responsible to his Division Head for the safety of all pressure work 

performed by his/her department personnel. 

Group Leader 

Responsible to his Division Head or to his/her Department Head for 

the safety of all pressure work performed by personnel of his group. 
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Pressure Safety Engineer (PSE) 

Appointed by the Mechanical Engineering Department Head as his/her 

direct pressure safety representative. He/she is responsible for the 

review of all pressure equipment designs and calculations and for the 

approval or disapproval on the basis of safety considerations. All 

pressure work being done in, by, or for a department must be reviewed 

and approved by the PSE. 

Design 

A complete design must include as a m1n1mum the following: 

1. Operating procedure 

2. Drawings of apparatus and/or system 

3. Strength calculations 

4. Pressure tests required 

Designer 

A Mechanical Designer, who is competent in the design of pressure 

equipment, is directly responsible for: 

1. The complete and safe design of the pressure equipment, 

including the submission of the design to the PSE for review. 

2. Specification of the safe operational and testing requirements. 

3. Direction of the procurement, fabrication, installation, test

ing, and labeling of the pressure equipment. 

4. Preparation of an ESN which documents his/her design and 

calculations of any pressure equipment. 

5. Completion of course HS-506, Pressure Seminar for Engineers. 
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User 

The experimenter or group leader responsible for operation and 

maintenance of a pressure vessel or pressure system. A user is directly 

responsible for the safe use, operation, and maintenance of a pressure 

vessel or pressure system. Confirmation of this direct responsibility 

with respect to each pressure vessel or pressure system must be stated 1n 

a memo-to-the-file issued by the Group Leader. For high-hazard equip

ment, this must also be stated in an OSP. No such pressure vessel or 

pressure system is to be operated unless a user 1s currently assigned and 

documented. This requirement can be satisfied with a brief OSP prepared 

by the user or by a supplemental OSP pending incorporation into an exist

ing facility or building OSP. 

Engineering Coordinator 

A mechanical engineer 1n the EH&S Department who is competent in 

matters dealing with pressure vessels and equipment. He/she is responsi

ble for periodically monitoring the design review, the installation and 

inspection process, and the overall mechanical safety of pressure systems. 

He/she will be kept informed by the EH&S Safety Representatives of pres

sure system activity in Laboratory areas. The Engineering Coordinator 

must complete course HS-506, Pressure Seminar for Engineers. 

Pressure Installer 

A Plant Maintenance Technician or Physical Plant Mechanic in the 

Construction and Maintenance (C&M) Department certified to fabricate, 

assemble, install, and operat~ pressure equipment within a specified 

pressure range. Upon assignment by his administrative supervisor, he/she 
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~s authorized to perform pressure work directly for a Designer. 

Prerequisites: Satisfactory completion of Course HS-505, Pressurized Gas 

Safety, and certification by his/her Department Head that he/she has had 

the equivalent of at least one year's experience working with pressure 

equipment within the pressure range of his/her certification. 

Pressure Inspector 

A Plant Maintenance Technician or a Physical Plant Mechanic in the 

C&M Department certified to inspect and operate pressure equipment within 

a specified pressure range. He/she must be qualified to conduct, observe, 

and'certify pressure testing as directed by the Designer. Prerequisites: 

Completion of Course HS-505, Pressurized Gas Safety, completion of Course 

HS-507, Pressure Inspector Training, and appointment by his/her 

department. 

Pressure Operator 

An individual designated by his administrative supervisor to operate 

specific high-hazard pressure equipment under the direction of a user. 

Completion of course HS-505, Pressurized Gas Safety, is required. 

DESIGN CRITERIA AND DOCUMENTATION 

Pressure vessels and pressure systems for scientific experiments 

must be designated in accordance with PUB-3001, Rules and Procedures for 

the Design and Test of Hazardous Equipment. 
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SAFETY MANUALS AND REFERENCES 

Additional safety references for pressure equipment are the 

following: 

1. Matheson Gas Data Book, Matheson Gas Products, East Rutherford, 

N.J., 1971. 

2. W. L. Ent, and H. E. Lindenmoyer, Safe Handling of Gas 

Cylinders, Ind. Res., February 1978. 

3. S. Strelzoff and L. C. Pan, Designing Pressure Vessels, Chern. 

Eng., November 4, 1968. 

4. F. W. Wilson, The Challenge of Higher Pressures, Chern. Eng., 

October 15, 1962. 

5. D. D. Frederick, Pressure-Vessel Closures, Machine Design, May 

11, 1967. 

6. B. F. Langer, Design-Stress Basis for Pressure Vessels, Exp. 

Mech., January 1971. 

7. Safety in Testing High Pressure Systems, Cryogenics & 

Industrial Gases, February 1970. 

8. L. M. Polentz, The Peril in Pressurized Liquids, Machine 

Design, September 6, 1973. 
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II. PLANT FACILITY PRESSURE SYSTEMS 

GENERAL 

The Plant Engineering Department, Construction and Maintenance (C&M) 

Department and Environmental Health & Safety (EH&S) Department must 

assume an active role in the Pressure Safety Program. This role requires 

that: 

1. Department personnel be qualified to perform the pressure work 

assigned to them. 

2. Pressure vessels and pressure systems must be designed, spe

cified, assembled, and installed in accordance with PUB-3001, 

Rules and Procedures for the Design and Test of Hazardous 

Research Equipment. 

3. The Plant Engineering and C&M Departments must establish and 

maintain a complete and up-to-date file for all fired and 

unfired pressure vessels that are part of the LBL physical 

plant facilities. 

The C&M Department must maintain the function file for opera

tional purposes, and the Plant Engineering Department must 

maintain the engineering file. These files must include: 

a. A copy of the applicable ASME (American Society of 

Mechanical Engineers) pressure vessel code for general 

reference on all pressure vessels. 

b. A designated equipment number and equipment data file for 

each pressure vessel. 
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c • An equipment data sheet listing all pertinent data for the 

pressure vessel. 

d. All available manufacturer's engineering data, safety 

recommendations, and operating instructions. 

4. AN ESN or ESNE assuring design adequacy must be written, 

reviewed, and approved for each pressure vessel and pressure 

system prior to its operation. 

5. An OSP must be prepared for all high-hazard pressure equipment. 

RESPONSIBILITY 

Department Head 

Responsible to the Associate Director of the Engineering Division 

for the safety of all pressure work performed by personnel of his/her 

department. 

Group Leader 

Responsible to his/her Department Head for the safety of all 

pressure work performed by personnel of his group. 

Designer 

A Plant Designer who is competent in the design of pressure equip

ment ~s to be directly responsible for: 

1. Complete and safe design and specification of the pressure 

equipment. 

2. Specification of the safe operational and testing requirements. 

3. Direction of the procurement, fabrication, assembly, instal

lation, inspection, testing, and labeling of the pressure 

equipment. 
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4. Data file input. 

5. Completion of course HS-506, Pressure Seminar for Engineers. 

Construction and Maintenance Department 

The C&M Department is directly responsible for operation, ~nspec

tion, and maintenance of all pressure equipment under their jurisdiction. 

All State of California "Permits to Operate" must be obtained by the 

C&M Department. 

Pressure Installer 

A Plant Maintenance Technician or Physical Plant Mechanic in the C&M 

Department certified to fabricate, assemble, install, and operate pres

sure equipment within a specified pressure range. Upon assignment by 

his/her administrative supervisor, he/she is authorized to perform pres-

. sure work directly for a Designer. Prerequisites: Satisfactory comple

tion of Course HS-505, Pressurized Gas Safety, and certification by 

his/her Department Head that he/she has had the equivalent of at least 

one year's experience working with pressure equipment within the pressure 

range of his certification. 

Pressure Inspector 

A Plant Maintenance Technician or Physical Plant Mechanic in the C&M 

Department certified to inspect and operate pressure equipment within a 

specified pressure range. He/she must be qualified to conduct, observe, 

and certify pressure testing as directed by the Designer. Prerequisites: 

Completion of Course HS-505, Pressurized Gas Safety, completion of Course 

HS-507, Pressure Inspector Training, and appointment by his/her Depart

ment Head. 
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Pressure Operator 

An individual designated by his administrative supervisor to operate 

specific high-hazard pressure equipment under the direction of a user. 

He/she must complete course HS-505, Pressurized Gas Safety. 

DESIGN CRITERIA AND DOCUMENTATION 

Pressure vessels and pressure systems for plant facilities must be 

designated 1n accordance with PUB-3001, Rules and Procedures for the 

Design and Test of Hazardous Equipment. 

SAFETY MANUALS AND REFERENCES 

1. National Fire Protective Association (NFPA) Standards. 

2. State of California Administrative Codes (CAC). 

3. ASME Boiler and Pressure Vessel Code. 

4. Code for Pressure Piping, ASA B31 Series. 

5. LLNL PEL-M-3.03, "Piping for Mechanical Systems in Buildings." 

6. LLNL PEL-M-5.08, "Inert Gas Tubebank Supply Systems." 

7. LLNL PEL-M-5.09, "Industrial Gas Cylinder Installations." 
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III. GENERAL PRESSURE SAFETY 

In case of questions on pressure components or systems notify the 

EH&S Department or the Mechanical Safety Subcommittee for help and 

guidance. 

Compressed Gas Cylinders, Manifolds, and Regulators 

Detailed information of the procurement, safe handling, storage, and 

operation of compressed gas cylinders, manifolds, and regulators is 

listed in PUB-3001, Section II. 

Compressed Air Safety 

Safety rules for the use of compressed a1r are listed 1n PUB-3001, 

Section II. 
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Activation is the process of producing a radioactive material by 
bombardment with neutrons, protons, or other nuclear particles. 

An administrative control level is a numerical dose constraint estab
lished at a level below the regulatory limits in order to administratively 
control and help reduce individual and collective doses. 

An airborne radioactivity area is any area where the concentration of 
airborne radioactivity above natural background exceeds or is likely to 
exceed 10% of the derived air concentration (DAC) value. The DAC 
values are given in Appendices A and C of 10 CFR 835. 

The ALARA Committee is a multidisciplinary forum that reviews and 
advises management about minimizing radiation exposure and 
radiological releases. 

The annual limit on intake (ALI) is the derived limit for the amount of 
radioactive material taken into the body of an adult worker by 
inhalation or ingestion in a year. The ALI is the smaller value of intake 
of a given radionuclide in a year by the reference man (ICRP Publication 
23) that would result in a committed effective dose equivalent of 5 rem 
(0.05 sievert) or a committed dose equivalent of 50 rem (0.5 sievert) to 
any individual organ or tissue. 

As low as reasonably achievable (ALARA) describes an approach to 
radiological management and control that aims to keep exposures 
(individual and collective) to the work force and to the general public at 
levels as low as is reasonable, taking into account social, technical, 
economic, practical, and public policy considerations. As used in this 
manual, ALARA is not a dose limit but a process that has the objective of 
attaining doses as far below the applicable controlling limits as is 
reasonably achievable. 

Background radiation is radiation from cosmic sources; naturally 
occurring radioactive materials, including radon (except as a decay 
product of source or special nuclear materials); and global fallout as it 
exists in the environment from the testing of nuclear explosive devices. 
Background radiation does not include radiation from source, 
byproduct, or special nuclear materials. 

The becquerel (Bq) is the International System (51) unit for activity of 
radioactive material. One becquerel is that quantity of radioactive 
material in which one atom is transformed per second or undergoes one 
disintegration per second. 
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A bioassay is an internal dosimetry test used to determine the kinds, 
quantities, concentrations, and in some cases the locations of radioactive 
materials within or excreted from the human body. This process 
includes whole-body and organ counting as well as urine, fecal, and 
other specimen analysis. 

A bistable indicator is an indicator that has only tWo positions: on or 
off. 

Calibration is the process of adjusting or determining one of the 
following: 

• The response or reading of an instrument relative to a standard (e.g., 
primary, secondary, or tertiary) or to a series of conventionally true 
values. 

• The strength of a radiation source relative to a standard (e.g., primary, 
secondary, or tertiary) or to a conventionally true value. 

A containment device is a barrier, such as a glove box or fume hood, for 
inhibiting the release of radioactive material from a specific location. 

A Contamination Area is an area where ambient contamination levels 
are more than those specified in the LBL Radiological Control Manual, 
Table 2-3. (See Release of Material from Controlled Areas in the Radioactive 
Materials Safety section of this chapter.) 

In a contamination survey, swipes or direct instrument surveys are used 
to identify and quantify radioactive material on personnel, on 
equipment, or in areas. 

A continuous air monitor (CAM) is an instrument that continuously 
samples and measures levels of airborne radioactive materials on a "real
time" basis and has alarm capabilities at preset levels. 

A Controlled Area is any area to which access is managed in order to 
protect individuals from exposure to radiation or radioactive m(lterials. 
Individuals who enter Controlled Areas, without entering Radiological 
Areas, are not expected to receive a total effective dose equivalent of 
more than 0.1 rem (0.001 sievert) in a year. 

Controlled Items, as designated by the Laboratory's Property 
Management, are items that must be kept under inventory control, 
regardless of value. 
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A dead-man switch is a switch that must be continually held in position 
in order for equipment to operate; i.e., the release of the switch stops the 
operation. 

A declared pregnant worker is a woman who has voluntarily informed 
her employer, in writing, of her pregnancy and the estimated date of 
conception. 

Decontamination is the process of removing radioactive contamination 
and materials from personnel, equipment, or areas. 

A deep dose is the dose equivalent from external radiation determined 
at a tissue depth of 1 em. 

The derived air concentration (DAC) is the airborne concentration equal 
to the ALI divided by the volume of air breathed by an average worker 
for a working year of 2000 hours (assuming a breathing volume of 
2400m3). 

A dose is an amount of energy deposited in body tissue because of 
radiation exposure. Various technical terms, such as dose equivalent, 
effective dose equivalent, and collective dose, are used to evaluate the 
amount of radiation an exposed worker receives. These terms are used 
to describe the differing interactions of radiation with tissue as well as to 
assist in the management of personnel exposure to radiation. 

An absorbed dose (D) is the energy imparted to matter by ionizing 
radiation per unit mass of irradiated material at the place of interest 
in that material. The units of absorbed dose are the rad and the gray 
(Gy). 

A collective dose, measured in person-rem, is calculated by 
summing the dose to each person in a group of interest. For 
example, if 12 workers each have 1 rem, then the collective dose is 
12 person-rem. 

A committed dose equivalent (HT,so) is the dose equivalent to 
organs or tissues of reference (T) that will be received from an intake 
of radioactive material by a person during the 50-year period 
following the intake. 

A committed effective dose equivalent (HE,so) is the sum of the 
products of the weighting factors and the committed dose 
equivalents applicable to each of the body organs or tissues 
irradiated (HE,so=LWTHT,so). 
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A dose equivalent (HT) is the product of the absorbed dose in tissue, 
the quality factor, and all other necessary modifying factors at the 
location of interest. The units of dose equivalent are the rem and the 
sievert (Sv). 

An effective dose equivalent (HE) is the sum of the products of the 
dose equivalents (HT) and the weighting factors (WT) applicable to 
each of the body organs or tissues irradiated (HE= I.WTHT)· 

A worker's lifetime dose is the person's total occupational exposure 
over his or her lifetime, including external and committed internal 
doses. 

A total effective dose equivalent (TEDE) is the sum of the effective 
dose equivalent for external exposures and the committed effective 
dose equivalent for internal exposures. The deep-dose equivalent to 
the whole body may be used as the effective dose equivalent for 
external exposures. 

The weighting factor represents the ratio of the total stochastic 
(cancer plus genetic) risk resulting from irradiation to tissue to the 
total risk when the whole body is irradiated uniformly. 

The whole-body dose is the sum of the annual deep dose equivalent 
for external exposures and the committed effective dose equivalent 
for internal exposures. 

Dose assessment is the process of determining the radiological dose and 
the uncertainty included in the dose estimate through the use of 
exposure scenarios, bioassay results, monitoring data, source term 
information, and pathway analysis. 

Engineering controls are components and systems used to reduce 
airborne radioactivity and the spread of contamination by using piping, 
containments, ventilation, filtration, or shielding. 

An exclusion area is an area defined by a qualified expert as one that all 
personnel should be restricted from entering during operation of an 
accelerator. 

Extremities include hands, feet, arms below the elbow, and legs below 
the knee. 

Being fail-safe means having the property that any single failure causes 
a sequence of events that always results in a safe situation. 
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A fail-safe design is one in which all single-component failures of 
indicators or safety systems (that can reasonably be anticipated) cause 
the equipment to fail so as to maintain personnel radiation safety. For 
example, if a light indicating "X ray on" fails, the production of X rays 
must be prevented; similarly, if a shutter-status indicator fails, the 
shutter must close. 

Fixed contamination is radioactive material that cannot be readily 
removed from surfaces by nondestructive means, such as casual contact, 
wiping, brushing, or washing. 

Frisking is the process of monitoring personnel for contamination. 
Frisking can be performed with hand-held survey instruments or 
automated monitoring devices. 

The Gray (Gy) is the SI unit.of absorbed dose. One gray is equal to an 
absorbed dose of 1 joule per kilogram (100 rads). 

A High-Contamination Area is an area where ambient contamination 
levels are higher than 100 times those specified in the LBL Radiological 
Control Manual, Table 2-3. 

A high-efficiency particulate air (HEP A) filter is a throwaway, 
extended, pleated medium dry-type filter with (1) a rigid casing 
enclosing the full depth of the pleats, (2) a minimum particle removal 
efficiency of99.97% for thermally generated monodisperse OOP smoke 
particles with a diameter of 0.3 J.l.IIl, and (3) a maximum pressure drop of 
1.0 inch w.g. when clean and operated at its rated airflow capacity. 

A High-Radiation Area is any area, accessible to individuals, in which 
radiation levels could result in an individual receiving a deep dose 
equivalent in excess of 0.1 rem (0.001 Sv) in one hour 30 em from the 
radiation source or from any surface that the radiation penetrates. 

An irradiator is a sealed radioactive material that has the potential to 
create a radiation level exceeding 500 rad (5 grays) in 1 hour at a distance 
o£1 meter. 

Mixed waste is waste containing both radioactive and hazardous 
components as defined by the Atomic Energy Act and the Resources 
Conservation and Recovery Act, respectively. 

The dose received by a person during employment in which the person's 
assigned duties involve exposure to radiation and to radioactive 
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material is known as the person's occupational dose. An occupational 
dose does not include doses received from background radiation, from 
medical procedures, from voluntary participation in medical research 
programs, or as a member of the public. 

Personal protective equipment is equipment such as respirators, face 
shields, and safety glasses that is used to protect workers from excessive 
exposure to radioactive or hazardous materials. 

Personnel dosimeters are devices such as film badges and 
thermo luminescent dosimeters (TLDs) designed to be worn by a single 
person for the assessment of his or her dose equivalent. 

Personnel monitoring describes systematic and periodic estimates of 
radiation doses received by personnel during working hours. The term 
is also used for the monitoring of personnel, their excretions, their skin, 
or any part of their clothing to determine the amount of radioactivity 
present. 

The exposure of an embryo or fetus to radiation is known as prenatal 
radiation exposure. 

The operation of any accelerator will result in radiation called prompt 
radiation, as distinguished from induced radioactivity. Prompt 
radiation stops as soon as the accelerator is turned off. 

A qualified expert is a person having the knowledge and training to 
measure ionizing radiation, to evaluate safety techniques, and to provide 
advice on radiation protection needs as determined by LBL 
Management. 

The rad is a unit of absorbed dose. One rad is equal to an absorbed dose 
of 100 ergs per gram or 0.01 joules per kilogram (0.01 gray). 

A Radiation Area is any area, accessible to individuals, in which 
radiation levels could result in an individual receiving a deep dose 
equivalent in excess of 0.005 rem (0.05 mSv) in one hour 30 em from the 
radiation source or from any surface that the radiation penetrates. 

A Radiation Work Authorization (RWA) is an authorization for use of 
radioactive materials in long-term projects having stable radiological 
conditions. Precautions, limits of use, and requirements are specified. 

A Radiation Work Permit (RWP) is a permit that identifies radiological 
conditions, establishes worker protection and monitoring requirements, 
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and contains specific approvals for specific radiological work activities. 
The Radiological Work Permit serves as an administrative process for 
planning and controlling radiological work and informing the worker of 
the radiological conditions. A permit for construction or demolition 
work in a Radioactive Material Area is one example. 

A Radioactive Material Area or Radioactive Material Management 
Area is an area or structure where radioactive material is used, handled, 
or stored. 

A radioactive material is any material, equipment, or system component 
determined to be contaminated or suspected of being contaminated. 
Radioactive material also includes activated material, sealed and 
unsealed sources, and material that emits radiation. 

Radiography is the nondestructive examination of the structure of 
materials by using a radioactive source or a radiation-generating device. 

A radiological posting is a sign or label that indicates the presence or. 
potential presence of radiation or radioactive materials. 

Radiological work is any work that requires the handling of radioactive 
material or requires access to Radiation Areas, High-Radiation Areas, 
Contamination Areas, High-Contamination Areas, or Airborne 
Radioactivity Areas. 

A radiological worker is a worker whose job assignment requires work 
on, with, or in the proximity of radiation-producing machines or ~ 
radioactive materials. A radiological worker has the potential of being 
exposed to more than 0.1 rem (1 mSv) per year, which is the sum of the 
dose equivalent from external irradiation and the committed effective 
dose equivalent from internal irradiation. A radiological worker may 
also be referred to as a "radiation worker" or a "rad worker." 

Refresher training is training scheduled on the alternate year when full 
retraining is not completed. 

Release to Uncontrolled Areas is the release of material from 
administrative control after confirming that the residual radioactive 
material meets the guidelines in DOE Order 5400.5. 

The rem is a unit of dose equivalent. The dose equivalent in rem is 
numerically equal to the absorbed dose in rad multiplied by a quality 
factor, a distribution factor, and any other necessary modifying factor 
(1 rem= 0.01 sievert). 
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Removable contamination is radioactive material that can be removed 
from surfaces by nondestructive means, such as casual contact, wiping, 
brushing, or washing. 

Radioactive material that is contained in a sealed capsule, sealed 
between layers of nonradioactive material, or firmly fixed to a 
nonradioactive surface by electroplating or other means is called a 
sealed source. The confining barrier prevents dispersion of the 
radioactive material under normal, and most accidental, conditions 
related to use of the source. 

The sievert (Sv) is the 51 unit of any of the quantities expressed as a dose 
equivalent. The dose equivalent in sievert is equal to the absorbed dose 
in grays multiplied by the quality factor (1 Sv = 100 rem). 

Techniques are instrument use parameters employed during an X-ray 
exposure, e.g., kV, rnA, mAs, sec, filter, distance, field size, etc. (Not all 
parameters are, of course, applicable to all types of X-ray machines.) 

An Uncontrolled Area is any area where access is not restricted and the 
effective dose equivalent received by any member of the public resulting 
from exposure during direct on-site access does not exceed a limiting 
value of 0.001 sievert (0.1 rem) in any year. 

An unusual occurrence is a nonemergency occurrence that has 
significant impact or potential for impact on safety, environment, health, 
security, or operations. Examples of the types of occurrences that are to 
be categorized as unusual occurrences are listed in DOE Order 5000.3A. 

A Very-High-Radiation Area is any area, accessible to individuals, in 
which radiation levels could result in an individual receiving an 
absorbed dose in excess of 500 rads (5 grays) in one hour 1 meter from a 
radiation source or from any surface that the radiation penetrates. 

An X-ray accessory apparatus is any portion of an X-ray installation that 
is external to the radiation source housing and into which an X-ray beam 
is directed for making X-ray measurements or for other uses. 

The X-ray tube and that portion of an X-ray systein that provides the 
accelerating voltage and current is the X-ray generator. 

An X-ray system supervisor is a person having administrative control 
over an X-ray machine and so designated in the X-ray Machine Safety 
Document for that machine. 
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Radiation safety procedures and review and approval by the Radiation 
·Assessment Group are used to evaluate all projects and activities 
involving ionizing radiation hazards. Laboratory policy requires that 
radiation safety controls be specified and implemented according to all 
applicable DOE Orders, all federal regulations (the regulation that 
specifies requirements for radiation protection is 10 CFR 835), and the 
LBL Radiological Control Manual (RCM). 

Line managers will be held accountable for implementation of the 
Radiation Safety Program as it applies to their facilities and work 
activities. This is formalized by the Radiation Work Authorization and 
Permit program. Radiation Assessment Group personnel provide 
support in hazards evaluation, authorization and permit issuing, 
radiation monitoring, health physics, radiological engineering, 
dosimetry, bioassay, independent oversight, and instrumentation and 
calibration functions. 

This policy is designed to ensure that LBL employees and the public 
receive radiation exposures that are as low as is reasonably achievable 
(ALARA). 

The policy covers all aspects associated with use of, or exposure to, 
ionizing radiation. It applies to: 

• Employees working on or off site. 

• Contractors working on site. 

• External radiation. 
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• Transportation and use of radioactive material. 

• Release of radioactive or contaminated material on or off site. 

• Use of radiation-producing equipment. 

• Protective equipment and apparel. 

• Training. 

RADIATION GROUP ORGANIZATION 

ASSESSMENT GROUP The development and implementation of the LBL Radiation Safety 
Program are the responsibility of the Radiological Control Manager 
(RCMgr) and the EH&S Radiation Assessment Group. The chain of 
command for radiation protection policy extends from the RCMgr to the 
Health Department Manager, to the EH&S Division Director, to the 
Associate Laboratory Director of Operations, and to the Laboratory 
Director. The Radiation Assessment Group provides LBL with a 
radiation protection program organized as follows. 

RADIATION SAFETY 
Revision 1 

The Radiological Control Manager provides: 

• Oversight of the radiological control program at LBL. 

The Dosimetry Unit provides: 

• Personnel dosimetry. 

- Personnel dosimeter processing and analysis. 

- Area monitoring. 

• Internal dose assessment. 

• Radiation instrument calibration and maintenance. 

The Field Operations Unit provides: 

• The RWA/RWP program for 

- Review of program projects. 

- Hazard evaluation. 

- Compliance criteria. 

• Transportation of radioactive materials. 
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(cont'd.) • Radiation and contamination control through surveillance. 
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• Training for radiation workers. 

Radiation Physics provides: 

• Radiation transport, theory, and design for LBL programs. 

The ALARA Coordinator is responsible for: 

• Recommending appropriate ALARA program controls, training, and 
goals. 

• Oversight of Radiation Assessment activities. 

SERVICE CONTACTS 

EMERGENCIES, spill reporting ............................................................ 7911 

Accelerator Health Physics ...................................................................... 6936 

Administration (all services) ................................................................... 7652 

A LARA program ....................................................................................... 7673 

Deputy Radiological Control Manager .................................................. 6424 

Dosimetry Office/Bioassay ..................................................................... 7497 

Instrument repair and calibration ........................................................... 7617 

Nuclear Material Representative ............................................................ 7602 

Radiation Authorization/Work Permits (new uses, changes) ........... 7736 

Radiation Monitoring (requests for monitoring, release) ................... 7652 

Radiological Control Manager (RCMgr) ............................................... 7608 

Sealed sources ............................................................................................ 7602 

Training ...................................................................................................... 5611 

Transportation for radioactive materials ............................................... 7620 

X-Ray Safety Officer (monitoring and authorization) ......................... 6936 

21-3 RADIATION SAFETY 
Revision 1 



Health & Safety Manual, PUB-3000 

RADIATION WORK 
AUTHORIZATION 
AND PERMIT 
PROGRAM 

RADIATION SAFETY 
Revision 1 

The system of controlling work in areas with actual and potential 
radiological hazards is based on the issuance of a written authorization 
in the form of a Radiation Work Authorization (RWA) or a Radiation 
Work Permit (RWP). This program is designed to keep personnel 
radiation exposures as low as reasonably achievable by providing 
administrative control of job activities involving radiation and by 
ensuring that adequate safety precautions are taken in areas with 
radiological hazards. Based on an analysis of the project's hazards, 
requirements such as dosimetry, bioassay, engineering controls, user 
and EH&S surveys, instrumentation, and protective equipment will be 
specified. Routine assessments will be made by Radiation Assessment to 
determine compliance with the requirements and to assess laboratory 
radiological conditions. Periodic reports will be sent to the principal 
investigator (PI) or the work leader (RWP), as appropriate. 

A permit or authorization may be terminated by division management 
or by the Radiological Control Manager (RCMgr) in response to 
repeated or serious violations of the requirements. 

RADIATION WORK AUTHORIZATION 

RW As are issued for activities that are considered long-term projects 
under routine radiological conditions. The RW As specify the 
quantitative limits on amounts of radioisotopes and radiological 
conditions acceptable at the specified work areas. An approved RW A is 
valid for a year. 

The RW A program covers the use of both unsealed and sealed isotopes 
and irradiators. 

Prior to the use of any radioactivity or an accelerator, the PI must obtain 
the approvals of the RCMgr and the cognizant Division Director. In 
addition, those projects with a high [e.g., >500 mrem (5 mSv)] exposure 
potential must have an ALARA review by the Working Committee. 
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• RWA Application 

It is the responsibility of the PI to request an RW A when radioactive 
material is to be obtained for a project. The request must be sent to the 
Radiation Assessment Group. The request may be part of a more 
general application form for hazardous operations. The following must 
be included: 

• The department. 

• The building. 

• The rooms. Include a diagram or floor plan of the facilities to be used. 
The facilities are expected to be adequate for use of the materials 
proposed. Benches are to be covered with impervious coatings. 
Likewise, floors are to be properly sealed or covered if unsealed 
radioactive materials will be handled. Indicate how materials will be 
secured against unauthorized removal. 

• The name and title of the applicant. The applicant must be the 
supervisor or the PI. 

• The names and titles of all other personnel participating in the project. 
All personnel named to work with radioactivity or radioactive 
materials must have submitted a completed LBL Radiation Workers 
Form RL-6583 to EH&S and have been issued proper dosimetry prior 
to radiation work. Training requirements must also be met prior to 
work with radioactive materials or radiation-producing machines. 
See Radiation Safety Training later in this chapter. 

• The isotopes and amounts to be used. 

- Radioisotopes. Identify each isotope separately. 

- Chemical and physical forms. 

- The maximum quantity to be used per experiment, the frequency of 
experiments, the maximum quantity to be obtained per order, the 
maximum to be possessed at any time, and the anticipated total 
annual use. 

• The delivery point (room number) for radioactive shipments. 

• Proposed uses. Briefly outline the procedures to be followed 
regarding the radioactive materials used, and describe the procedure 
to be followed in sufficient detail to permit a radiation safety 
evaluation to be made. Include plans for handling and storing 
radioactive materials, care of radioactive animals, disposal of 
radioactive wastes, or any other applicable radiation safety issues. 
Note potential problems such as mixed waste production and the 
possibility of facility contamination. 
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• Protective equipment, e.g., fume hoods, glove boxes, safety 
equipment, shielding, etc. 

• Survey instruments that are available for personnel protection. 

• Review and Processing of RWA Applications 

After review and discussions with the PI, Radiation Assessment will 
prepare an RW A that will be returned to the PI for acceptance and 
review by the project staff and Division Director. The PI will then return 
the RWA to Radiation Assessment for review and approval by the 
Radiological Control Manager and the ALARA Committee, as required 
by EH&S Procedure 707. Once approved, Radiation Assessment will 
assign an RWA number, which will be used on all subsequent 
correspondence, procurement orders, and surveys. 

Upon receipt of the approved RW A, a copy of the first-page summary 
sheet is to be posted at the main entrance to the laboratory. 

When a purchase requisition is written, it must clearly specify the 
isotope and the activity to be obtained. Also, it must include the 
statement 

"RADIATION SOURCE: RWA No. (enter number here)." 

The RWA approval will generally be valid for one year. The expiration 
date will be noted on the approved RWA document. Near the end of the 
approval period, Radiation Assessment staff will contact the PI to 
update the application and renew the authorization. All projects are 
reviewed annually by Radiation Assessment. 

• Amendments to RWA 

To amend an RWA to include changes involving radionuclides, ordering 
or possession limits, rooms of use, or significantly altered research 
protocols, etc., submit a memo to Radiation Assessment. The memo 
should briefly identify the changes to be addressed. Unchanged items 
may be referenced from the former application. Amendments must be 
signed and approved by Radiation Assessment before work begins 
under the new conditions. 

• Termination or Moving of a Project (RWA) 

The PI is to notify Radiation Assessment at least 30 days before changing 
laboratory facilities or terminating a project. All radioactive sources are 
to be properly transferred or disposed of. Line Management is 
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responsible for ensuring that rooms, facilities, and apparatus used by the 
project are decontaminated so that, when measured by Radiation 
Assessment, they meet the standards for Uncontrolled Areas. When 
surveys have been completed, Radiation Assessment will remove signs 
from the rooms and equipment and will terminate the RW A, if · 
appropriate. 

• Records 

Laborato~Journal 

Each project group must maintain a Laboratory Journal in which 
pertinent records are filed in a readily retrievable manner. This journal 
must be accessible to all persons who work with radiation sources under 
the project. The journal must also be available for inspection at any time 
during normal working hours, and the project staff should know where 
such records are kept. Records must be maintained in accordance with 
the RCM, Chapter 7 and 10 CFR 835. The journal must be a consolidated 
record containing all relevant items and must be kept in one or more· 
volumes at one location. Journal binders will be furnished by Radiation 
Assessment. 

The journal must include, but is not limited to, the following records: 

• Authorization. 

- A copy of the current RWA. 

- A list of persons authorized to use radioactive materials. 

- Usage protocols. 

• Accountability. 

- Daily Usage Logs, showing each receipt, use, disposal, and transfer 
of radioactive material. 

- Quarterly Inventory Summaries. 

- Room radiation survey records. 

• Training. 

- Records of on-the-job training, listing specific radioisotope 
protocols, training dates, and attending personnel. 

- Records of EH&S training. 
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• Incident Reports. 

- Spills. 

- Overexposures. 

- Losses of materials. 

• Miscellaneous. 

- Correspondence with Radiation Assessment. 

- Notices and memoranda distributed by Radiation Assessment. 

Dally Usage Logs 

A Daily Usage Log sheet will be attached to each shipment of 
radioactivity at the transportation office. Users are required to complete 
this sheet by making entries each day when the material is used. The 
sheets are to be maintained in the Laboratory Journal. 

Logs of Sealed Source Usage 

Sources must be kept in a central location and must be properly 
inventoried. When sources are removed to other authorized locations, 
the log must indicate this along with the date of removal and the name 
of the authorized user. Sources must be moved by Radiation 
Assessment unless otherwise authorized. Sources being used in 
experiments must be secure, properly shielded, and labeled with the 
radionuclide, activity, and date. 

Inventory Summaries 

DOE requires that a centralized inventory of all radiation sources 
present at the laboratory be maintained. 

• For unsealed sources, an Inventory Summary form for unsealed 
radioactive materials is prepared and mailed to each RWA project 
once per calendar quarter. The forms are to be completed, indicating 
the disposition of materials to the nearest microcurie. The summary is 
to be returned to Radiation Assessment and a copy kept for the 
laboratory records. 

• For sealed sources~ an inventory (audit) record is sent to each RWA 
project annually, listing all licensable sources. Users are to verify the 
locations of the sources and return the form to Radiation Assessment. 
A copy is to be kept in the Laboratory Journal. 
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RADIATION WORK PERMIT 

RWPs are issued for the performance of specific, nonroutine work and 
are valid only for the duration of the specific project. In addition to the 
information normally contained in an RWA, the RWP contains 
instructions specifying how the task will be performed. These 
instructions should include the basic components of an LBL procedure, 
such as approval by the person technically responsible for the activity, 
signoffs for radiological surveys, step-by-step instructions, quality 
assurance verifications, and emergency instructions. 

• RWP Application 

A memo or form is to be sent to Radiation Assessment requesting an 
RWP. It is the responsibility of the work leader to ensure that an RWP is 
in place prior to the start of work. To initiate the process, provide the 
following information to Radiation Assessment: 

• The facility contact. This is the individual responsible for the facility 
in which the work is to be performed. Indicate the job location and· a 
contact phone number. 

• The work leader. This individual is responsible for the work 
authorized by the RWP and will provide functional oversight. 
Indicate a contact phone number. 

• Personnel. These include personnel authorized to perform work on 
the project. Include employee numbers and radiological training 
information. 

• A detailed job description. Include the purpose of the work, special 
skills or equipment required, and an outline of the tasks to be 
performed. 

• Radiological concerns. Provide any available information about the 
radiological hazards in the work area. Radiation Assessment will 
address radiation safety and protection issues in the RWP document. 

• Waste disposal and material release. Detail the waste that will be 
generated and the disposition plans for both waste and project 
materials. Indicate which materials or equipment will be released after 
the job is done. 

• Review and Processing of RWP Applications 

Upon receipt of the RWP request, Radiation Assessment will review the 
information and provide the necessary radiation safety and control 
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items. A final RWP document will be prepared by Radiation 
Assessment per EH&S Procedure 707, which will include: 

• The RWP number. 

• The date of the document, the date to start work, and the proposed job 
termination date. 

• A facility contact and telephone extension. 

• The work leader and telephone extension. 

• The Radiation Assessment monitor and telephone extension. 

• A project description. 

• Authorized personnel and training dates, as required. 

• Radioactive material or source identification. 

• Safety controls and equipment. 

• Dosimetry requirements. 

• Emergency preparedness. 

• Waste generation and handling. 

• Decommissioning. 

• ALARA concerns. 

• Radiological conditions at the work site. 

The RWP is to be approved and signed by the facility contact, work 
leader, and RCMgr (or designee) prior to the start of work. A copy of 
the approved, signed RWP is to be posted at the main entrance to the job 
site. 

• Surveillance 

Throughout the course of the RWP work, Radiation Assessment staff 
will document the radiological conditions and the status of the work. 
Information that may be required as part of the RWP includes a 
description of the work performed daily, job status, ALARA goals and 
estimates, and radiation and contamination levels. All survey results, 
problems encountered, decisions made regarding the radiation 
protection provided, and deviations from the radiological practices 
stated on the RWP will also be addressed. 
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• RWP Termination 

At the completion of the RWP, Radiation Assessment will ensure, by 
survey, that radiological conditions with respect to the work site, 
equipment, etc. have returned to their original status. All required 
dosimetry and bioassays will be completed. The permit will be removed 
and the area released for normal use. 

RADIATION EXPOSURE LIMITS & CONTROLS 

LBL has established administrative control levels below federal dose 
limits. (See Tables 21.1 and 21.2.) Prior to exceeding any control level, 
written authorization is required from the appropriate level of 
management, as indicated in Table 21.2. 

Table 21.1. Federal Exposure Limits 

Type of Exposure 

Radiological worker: whole body (internal + external) 

Radiological worker: lens of eye 

Annual 
Limit. 

Radiological worker: extremity (hands, feet, arms below the elbow, 
and legs below the knees) 

5rem 

15rem 

50 rem 

Radiological worker: any organ or tissue (other than lens of eye) and 
skin 

50 rem 

Declared pregnant worker: embryo or fetus O.Sremin 
9months 

Minors and students (under age 18): whole body (internal +external) 

Visitors* and public: whole body (internal + external) 

o.1rem 

0.1 rem 

*Applies to visitors who have not completed training. 

Table 21.2. LBL Administrative Control Levels 
Maximum Annual Dose Eguivalent (mrem) 

Whole Skin and Lens of Any Organ Approvals 
Level Body Extremity the Eye or Tissue Reguired 

1 100* 1,000* 500* 1,000* Line manager, 
RCMgr 

2 (Facility 500 5,000 500 5,000 RCMgr, Associate 
control level) Laboratory Director 

for Operations 

DOE control 2,000 N/A N/A N/A DOE Program 
level Secretarial Official 

*Exceeding these dose equivalents may be authorized as part of the LBL RWA/RWP program. 
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Work activities that may result in annual dose equivalents above these 
levels should be reviewed to ensure that adequate ALARA practices 
have been implemented. 

The initial administrative control level was based on the historically low 
doses received at LBL. 

The RCMgr should initiate an investigation of any abnormal or 
unanticipated personnel dosimeter reading exceeding 100 mrem or any 
uptake resulting in greater than 100 mrem committed effective dose 
equivalent (CEDE) .. The investigation should include a description of 
the circumstances and corrective actions to prevent recurrence. 

If the Level2 (or higher) administrative control level of this plan is 
exceeded without approval, the involved workers should be restricted 
from Radiological Areas. The RCMgr should immediately initiate a 
review of the incurred exposure. The review should include an 
investigation of the circumstances and list corrective actions to prevent 
recurrence. The involved workers should not enter Radiological Areas 
until the incurred exposure is investigated and further exposure is 
properly approved. 

RADIATION WORKERS 

In general, dosimetry will be required for all accelerator and X-ray
generating device users and for users of radioactive material. Specified 
internal and external dosimetry requirements are listed in the controlling 
work safety document [Activity Hazard Document (AHD), RWP, RWA, 
or X-Ray Machine Safety Document(XSD)]. 

An investigation will be performed if there is any unplanned exposure 
exceeding any of the administrative control levels. 

The federal annual occupational dose limits may be exceeded under 
certain emergency situations, such as in life saving or protection of major 
property, depending on risk-benefit considerations. The potential for 
this type of emergency at LBL is very remote. The Radiological Control 
Manual addresses this project in greater detail. 

WORKERS UNDER 18 YEARS OLD 

No one less than 18 years old should be employed in, or be allowed to 
enter, a Radiation Area or work with radioactive material where they 
can receive a total of more than 0.1 rem (1 mSv) per year from both 
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internal and external doses. This age limit applies to all workers at the 
Laboratory, including employees, guests, students, and contractors. All 
requirements of the external and internal dosimetry programs and the 
RWA/RWP program also apply. 

NONEMPLOYEES AND VISITORS 

The dose equivalent received by members of the public during direct on
site access must not exceed 0.1 rem (1 mSv) per year based on the sum of 
both internal and external doses. In all cases, radiation exposures should 
be maintained as low as reasonably achievable (ALARA). 

Contract personnel are the responsibility of their employers and are 
obligated by contract to comply with all pertinent DOE and LBL safety 
and health regulations and requirements, including restrictions on 
personnel under 18 years of age. 

RADIATION DOSE REPORTS 

Personnel in the dosimetry program receive a report of their annual dose 
equivalent as required by the Radiological Control Manual, Article 781. r[" 

AREA MONITORING DOSIMETERS 

In order to minimize the number of areas requiring the issuance of 
personnel dosimeters and to demonstrate that the doses outside 
Controlled Areas for radiation protection are negligible, the Dosimetry 
Office is responsible for establishing and maintaining a comprehensive 
area dosimetry program. 

Contact Radiation Assessment if questions arise regarding placement or 
results of area dosimeters. 

EXTERNAL DOSIMETRY PROGRAM 

All radiation workers exposed to external ionizing radiation will be 
issued a dosimeter as required by the RWA, RWP, or AHD. 

Thermoluminescent dosimeters (TLDs) or film dosimeters are 
considered the primary dosimeters at LBL. Any other dosimeter is 
supplemental. 
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The Dosimetry Office provides extremity dosimeters for personnel who 
have the potential to receive an extremity dose significantly higher than 
the whole-body dose. Personnel will be issued and must wear extremity 
dosimeters as required by their RWA or RWP. The dosimeters must be 
returned to the Dosimetry Office for evaluation. 

Pocket dosimeters (self-reading, gamma indication) must be worn as 
specified by the RWA, RWP, or AHD. Self-reading pocket and electronic 
dosimeters, called supplemental dosimeters, are worn simultaneously 
with the primary dosimeter. 

All radiation workers must wear their dosimeters as required and are 
encouraged to wear their dosimeters at all times when at the Laboratory. 
The preferred location for wearing a dosimeter is the upper torso, where 
it will give the best estimate of the whole-body dose equivalent. The 
dosimeter must not be worn during nonoccupational activities, such as 
when undergoing medical or dental X-rays, nuclear medical procedures, 
radiation therapy, or air travel. 

Laboratory personnel, both staff and guests, who might receive radiation 
exposures while working at other facilities will be issued dosimeters by 
the other facilities. The LBL dosimeter must not be used to monitor 
occupational radiation exposures at other facilities. 

• Compliance with External Dosimetry Requirements 

Personnel are responsible for following Laboratory procedures and for 
returning their dosimeters as prescribed. Supervisors are responsible for 
enforcing this procedure. Personnel who do not return their dosimeters 
during the prescribed period will receive a written reminder, as will 
their supervisor and division safety coordinator. 
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Continued failure to return the dosimeters will result in notification of 
the appropriate division director, and the worker will be removed from 
any radiation work until an evaluation of the employee's work practices 
has been completed. 

Replacement costs of lost or damaged dosimeters and their holders will 
be charged to the worker's program account. 

INTERNAL DOSIMETRY PROGRAM 

The hazard analysis in the RWA/RWP process will determine the risk of 
internal intake of radioisotopes and whether internal dosimetry is 
required. The dose limits for internal radiation are based on the 
standards listed in the Radiological Control Manual, Chapter 2. 
Laboratory policy requires that all Controlled Areas be kept as free as 
possible of airborne radioactivity and contamination. 

The program to monitor internal radiation dose equivalents to 
Laboratory employees is administered by the Dosimetry Office, whiCh is 
part of Radiation Assessment. Line management supervisors are ' 
responsible for ensuring compliance with the program requirements. 

The internal dosimetry program consists of in-vitro (body fluid) and in
vivo (whole-body counting) analyses. Workers that require internal 
dose monitoring must submit samples and have whole-body counts as 
scheduled. 

• Compliance with Internal Dosimetry Program Requirements 

An employee who does not submit the requested in-vitro samples or 
complete the in-vivo analysis as required will receive a written 
reminder, as will the employee's supervisor and division safety 
coordinator. Continued noncompliance will result in notification of the 
appropriate division director, and the worker will be removed from any 
radiation work until an evaluation of the employee's work practices has 
been completed. 

Various DOE orders and 10 CFR 835 (Code of Federal Regulations) require 
that there be a formal, documented program at LBL that is designed to 
assure that radiation exposures are maintained as low as is reasonably 
achievable (ALARA). 
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MANAGEMENT COMMITMENT 

ALARA describes an approach to radiation protection to manage and 
control exposures (both individual and collective) to the work force and 
to the general public and keep them at levels that are as low as is 
practicable, taking into account social, technical, economic, practical, and 
public policy considerations. ALARA refers not to a dose limit but to a 
process that has the objective of attaining doses as far below the 
applicable regulatory limits as is reasonably achievable. 

It is LBL policy that individual and collective ionizing radiation 
exposure to LBL personnel and to the general public, and radiological 
impacts on the environment from LBL operations, be maintained at 
levels that are as low as is reasonably achievable. To this end, a formal 
ALARA program is being established at LBL. It includes the following: 
ALARA committees tasked with implementing the program, ALARA 
goals to provide incentives and to evaluate performance, training for all 
affected personnel, performance of audits, documented reviews of 
radiological work, design reviews of facilities, and the maintenance of 
formal records to document all aspects of the program. 

RESPONSIBILITIES 

The Final ALARA Program Plan and other EH&S procedures spell out 
specific management and employee responsibilities. The people who 
have the most important role in reducing exposure, waste, and 
environmental effluents, however, are the workers that use radioactive 
materials and radiation-producing devices. For each job involving 
exposure to radiation or radioactive material, each worker is responsible 
for understanding the job requirements, the radiological control 
measures, and the ALARA practices. Workers are responsible for being 
aware of and understanding the radiation hazards in the workplace. 

To help implement the ALARA philosophy, Radiation Assessment 
Group personnel are responsible for performing ALARA 
work/ experiment reviews as part of the RW A/RWP process, providing 
advice and assistance to LBL programs, and monitoring job activities to 
assure that exposures and contamination levels are being maintained 
A LARA. 

Oversight and guidance for the ALARA program is provided by two 
committees: the ALARA Executive Committee and the ALARA 
Working Committee. The Executive Committee is responsible for setting 
site annual ALARA goals, approving individual program ALARA goals, 
annually reviewing performance relative to these goals, conducting 
ALARA design reviews, coordinating the annual ALARA program 
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appraisal, determining special criteria for investigation of abnormal 
events, and advising upper management on improving progress toward 
minimizing radiation exposure and radiological releases. The A LARA 
Executive Committee will meet as often as necessary to implement the 
program, but at least annually, and will issue an annual LBL ALARA 
report. 

The ALARA Working Committee is responsible for providing day-to
day oversight of the ALARA program at LBL. The ALARA Working 
Committee members include personnel from EH&S, Nuclear Science, 
Life Science, AFRO, and other departments as necessary to support the 
activities being reviewed. The ALARA Working Committee will meet as 
often as necessary to support the daily implementation of the program, 
but at least quarterly. 

RADIOLOGICAL GOALS 

The ALARA Executive Committee has established site-wide ALARA 
goals that were selected based on their importance to radiological s~fety 
and environmental protection. These goals are specified in the LBL' 
RCM, and they include: 

• The annual collective external dose. 

• The annual collective internal dose. 

• The number of personnel contamination incidents. 

• The square footage and duration of posted Contamination Areas. 

• The radioactive waste volume that is routinely generated. 

• Activity concentrations released annually in airborne and liquid 
effluents. 

RADIOLOGICAL DESIGN REVIEWS 

EH&S will conduct a radiological design review for any new facility that 
will require a Controlled Area or any major facility modification within 
an existing Controlled Area. The radiological design review should be 
conducted at the earliest convenience during project design. This design 
review should emphasize long-term radiological impacts during the 
anticipated lifetime of a new design or modification. The reviewers 
should do the following: 

• Assess anticipated occupational doses following construction. 

• Review design features in light of established design criteria for 
radiological protection. 
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• Identify design parameters and features that affect occupational 
exposure, including spacing, shielding, containment devices, 
ventilation systems, interlocks, solid waste management, and effluent 
control. 

• Select optimum alternatives that are ALARA for design parameters 
and features that affect radiological exposure. 

• Use ALARA optimization methods for determining alternatives 
within the limiting design objectives. Optimized parameters and 
features should be incorporated into the design package. 

The results of the dose assessment, the design criteria review, and the 
optimization analysis and any recommendations on dose reduction 
measures should be included in the design review documentation and 
must be maintained as quality records. The LBL RCM (Article 128) 
provides additional criteria for design reviews. 

RADIOLOGICAL WORK AND EXPERIMENT PLANNING 

RWAs, RWPs, AHDs, Facility Notebooks, and ALARA 
work/ experiment reviews are the primary means of implementing 
radiological control requirements and the ALARA philosophy in daily 
work activities and experiments. 

AHDs are issued to describe the safety controls necessary to ensure that 
the risks associated with a potentially hazardous research project or 
unique activity are at an acceptable level. They are the principal safety 
documents that define the safety envelope for the research project or 
activity, and they are reviewed and approved by the responsible 
division director. AHDs are prepared in accordance with the 
requirements in Chapter 6, ES&H Documentation and Approvals. 

Facility Notebooks are maintained for each individual facility at LBL. 
These contain the AHD for the facility, assignments of responsibility, 
emergency procedures, accident investigation instructions, any 
applicable safety notes, facility-specific ALARA practices, training 
guidance, material and waste management instructions, inspection and 
audit guidance, and any other facility-specific policies, procedures, or 
memoranda. 

ALARA REVIEWS 

ALARA reviews will be determined by assessments during RWA/RWP 
development. A LARA work/ experiment reviews assess radiological 
impacts, determine optimum radiological controls, track the 
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effectiveness of controls, and document lessons learned. The rigor and 
formality of ALARA work planning should be commensurate with the 
relative risks associated with the activity. The review should be 
conducted for all operations, practices, and procedures that involve the 
potential for a high individual or collective dose equivalent, release of 
radioactive material Into the environment, or generation of radioactive 
waste. Criteria for determining which operations require ALARA 
review are in the ALARA Program Plan. 

Radiation Assessment maintains a workplace monitoring program to 
ensure that contamination, dose equivalents, and the concentrations of 
airborne radioactivity in areas occupied by people do not exceed 
specified limits and that ALARA practices are followed. Radiation 
surveys must be performed by radiation users and Radiation 
Assessment. 

RADIATION SURVEYS BY USERS 

Radiation users must conduct periodic radiation and contamination. 
surveys to ensure that the safety controls are adequate. This involves 
surveying the work area, all work surfaces, the floors, the equipment, 
and the personnel. This should be done with portable equipment before, 
during, and after work that may change the radiological conditions of 
the work area. In areas where materials could be dispersed, causing 
contamination, wipe samples must be taken and analyzed on a suitable 
instrument. 

Formal, documented surveys must be performed by radiation users in 
accordance with provisions of the controlling AHD, RWP, or RWA. The 
following information must be recorded for both wipe and meter 
surveys: name, date, time, instrument, LBL serial number, calibration 
date (due), instrument background or control sample data, and results .. 
Results should be linked to a map or diagram of the area. Survey results 

. must be kept in the Laboratory Journal that is available for inspection by 
Radiation Assessment. 

Radiation Assessment must be notified of radiation levels that could 
cause significant personnel exposure (>100 mrem/hr) or any unusual 
radiation fields. Corrective actions and rechecks must be documented. 
Additionally, notification is required if laboratory spaces cannot be 
decontaminated immediately or if contamination exceeds the limits in 
Table 21.4 on page 21-35. 
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Routine radiological contamination and radiation level surveys will be 
made by Radiation Assessment on a schedule that is commensurate with 
the radiological hazard and the potential for a change of conditions. 
Radiation users will be notified of survey results and corrective actions, 
if required. 

• Decommissioning Surveys 

Radiation surveys will be performed to decommission areas that are to 
be released for unrestricted use, such as nonradioactive work, 
construction, or maintenance. EH&S must be notified at least 30 days in 
advance of project termination so that arrangements may be made for 
decontamination, decommissioning, or both. 

• Release Surveys 

Equipment or materials to be removed from areas where activation or 
contamination could occur must be surveyed and tagged by Radiation 
Assessment. In some cases (for induced materials only), qualified 
radiation users with special training can perform these surveys. In 
general, the areas requiring release survey of materials are the posted 
Radioactive Material Management Areas. An updated list of these areas 
is published and distributed regularly. Note that Transportation will not 
move this equipment unless it has been tagged. EH&S Procedure 708 
controls this activity. (See Radioactive Materials Safety, Release of Material 
from Controlled Areas for more information.) 

• Special Surveys 

Radiation Assessment will survey areas upon request if contamination 
or excessive radiation levels are suspected. First-time, high-level 
operations will be monitored. Call Radiation Monitoring for service. 

• Workplace Monitoring 

Workplace monitoring of radiation exposure is performed by placement 
of radiation detectors, when appropriate. 

• Airborne Monitoring 

Continuous air sampling will be performed within areas where there is 
the potential for airborne radioactive contamination, based on an 
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assessment of the operation via the RW A/RWP process. The controlling 
procedure is EH&S Procedure 713.1. 

• Environmental Monitoring 

Monitoring of ventilation emissions and off-site radiation levels is 
performed by the Environmental Protection Group. See Chapter 11, 
Environmental Protection, for more details about that operation. 

RADIATION DETECTION INSTRUMENTS 

All radiation users are required to have appropriate, calibrated radiation 
detection equipment. Radiation Assessment provides guidance in the 
selection of instruments in addition to distribution, calibration, and 
maintenance. These instruments are delicate and expensive. Individuals 
who use them must be trained in instrument use and must be familiar 
with their limitations. It is the responsibility of the user to obtain 
adequate instrument training, to maintain the equipment in working 
order, and to obtain calibration when required. A tag on the instrument 
will indicate when calibration is due. (Calibrations are usually annual.) 
The Radiation Assessment Radiological Control Technician (RCT) will 
facilitate calibration exchange. 

Table 21.3. Types of Instruments 

Contamination Monitor 

Alpha proportional probe 
(LBL manufacture) 

Thin-window Geiger probe 
(e.g., Ludlum model44-9) 

Solid-state scintillation probe 
(e.g., Ludlum model44-2) 

Dose-rate monitor 
(e.g., RS0-5) 

21·21 

A survey meter equipped with a 
probe appropriate to the isotopes 
used. Typical read-out is in CPM 
(counts per minute) 

A survey meter for detection of 
alpha emitters (239Pu, 244Cm, 
237Np) 

A survey meter for detection of 
medium- to high-energy beta-
gamma emitters (35S, 14C, 32p) 

A survey meter for detection of 
pure gamma emitters, such as 125J, 
and accelerator-induced isotopes. 

An instrument, such as an 
ionization chamber meter, that 
measures photon or neutron dose 
rates. 
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All of the following steps must be followed satisfactorily for the 
instrument to be used: 

• Radiation Assessment training is required for instrument users. 

• Choose the instrument appropriate for the type of monitoring. 

• Check the calibration. 

• Check the battery. 

• Perform a source check. (The result must be within the acceptable 
range.) 

Take a background reading before performing the survey. For 
contamination surveys, make sure the probe is moved slowly enough 
and is close enough to the surface to detect the contamination. Record 
the results, if required. Specialized instrument training is available from 
Radiation Assessment and is part of the radiation worker training 
course. 

All employees must complete radiation safety training in accordance 
with the responsibilities of their job assignment. LBL's Radiation Safety 
Training program consists of general employee radiation training, 
Radiological Worker I training, Radiological Worker IT training, training 
in radiation protection at accelerators, and X-ray safety training. 

An employee must successfully complete core training and site-specific 
training to become qualified as a radiological worker. Core training is 
standardized by DOE and includes basic theory and policies common to 
all facilities. Written exams are required for all training courses; 
practical exams are required for certain types of qualification. 
Requalification training is required every two years. Refresher training 
must be completed in the years in which requalification is not necessary. 
Initial or requalification training may be completed by passing a 
challenge examination in lieu of classroom training. Contact Radiation 
Assessment Training for information regarding training requirem_ents 
and "test-out" procedures. Employees completing radiation safety 
training at other DOE facilities may have core material waived if they 
provide proper documentation and satisfactorily complete site-specific 
training. Such documentation must include the employee's name, the 
date of training, the specific topics covered, and certification by an 
appropriate official. Wallet-sized "Certificate of Core Radiological 
Training" cards are issued for this purpose. Radiation safety training 
may be scheduled by calling the EH&S Training unit. 
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ALL EMPLOYEES 

Current qualification at the general employee radiation training (GERT) 
level or higher is required for all employees who may routinely enter a 
Controlled Area and encounter radiological barriers, signs, or labels or 
radioactive material. General employee radiation training (EH&S 405) is 
included as a part of new employee orientation. New employees must 
complete this orientation within one month of employment and prior to 
any occupational radiation exposure. General employee radiation 
training is required for unescorted entry into Controlled Areas. Those 
having only GERT training must be escorted for entry into Radiological 
Areas or fu.ldioactive Material Management Areas. GERT requalification 
is required every two years. All LBL employees should take this 
training. 

• Radiological Workers 

Employees who routinely enter Radioactive Material Management 
Areas, use radioactive material above exempt quantities (including . 
sealed sources), or work with accelerators or radiation-generating 
machines are considered radiological workers. Training may be 
concurrent with assignment as a radiological worker only if the worker 
is accompanied by, and works under the direct supervision of, a trained 
radiological worker until training is completed. Completion of training 
is required before an employee's name can be added to an RWP or 
RW A. Requalification is required every two years. Refresher training is 
required in the off years. 

• Radioactive materials workers must complete Radiological Worker I 
training (EH&S 430). Workers who must enter Contamination Areas 
or High-Radiation Areas will require more extensive training 
(Radiological Worker IT). 

• Accelerator workers must take at least the core portion of EH&S 430 
plus a specific accelerator module (EH&S 440). This qualifies as 
Radiological Worker I training. 

• X-ray device workers must take EH&S 410. This, along with specific 
training by the X-ray system supervisor, qualifies the worker only to 
use X-ray devices. Additional training is necessary for other 
radiological work. 
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TOUR GROUPS AND VISITORS 

Tour groups and visitors should register at the Reception Center and 
receive general radiation safety orientation. The facility being visited is 
responsible for site-specific orientation. Escort by a qualified radiation 
worker familiar with the conditions at the facility is required for entry 
into Radioactive Material Management Areas and Radiological Areas. 
Facility AHDs may require additional restrictions. Note that an escort is 
required in any Controlled Area unless orientation has been received. 

CONTRACTORS 

Contractors must meet the same radiation safety training criteria as 
employees. It is therefore imperative that coordination with the 
Radiological Assessment Group be made well in advance of target work 
dates so appropriate escorts or training may be arranged. 

Certain areas at the Laboratory are designated as Controlled Areas in 
order to protect employees from exposure to radiation, either external or 
internal. Controlled Areas are posted as such and ccm. contain more 
hazardous Radiological Areas within them. In some cases, the 
Radiological Area and the Controlled Area have the same boundary, and 
both postings appear together. In some cases, an intermediate area 
posted as a Radiological Buffer Area will be used to provide a second 
boundary to prevent contamination. Within Controlled Areas, 
Radiological Areas are identified by signs bearing the universal 
radiation symbol and the words "Radiation Area," "High-Radiation 
Area," "Very-High-Radiation Area," "Contamination Area," "High
Contamination Area," or "Airborne Radioactivity Area." Another area, 
called a Radioactive Material Management Area (RMMA), which may be 
inside or contiguous with a Controlled Area, is less hazardous than a 
Radiological Area, but the name indicates that radioactive materials are 
used or stored within it. These areas may be called Radioactive Material 
Areas at other institutions. These areas will be posted as "Radioactive 
Material Management Areas" and will also have "CAUTION: 
Radioactive Materials" signs indicating where radioactive materials are 
stored or used. These areas are defined in the glossary. 

ACCESS REQUIREMENTS 

Before entering any Controlled Area, workers must find out from the 
local area supervisors, the main control room at an accelerator, or EH&S 
the location and nature of potential radiation hazards in order to ensure 
proper radiation safety. Personnel must never attempt to enter a 
Radiological Area without permission and without being fully familiar 
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with the operational safety rules for that particular facility. These rules 
are included in the facility's AHD, which can be obtained from the 
facility's building manager or from Radiation Assessment. 

There are specific training requirements for unescorted entry into 
Controlled Areas, Radioactive Material Management Areas, and 
Radiological Areas. (See Radiation Safety Training.) 

ENTRY-CONTROL PROGRAM 

An appropriate entry-control program must be established for any 
Radiation Area. The level of control must be consistent with the degree 
of hazard. Signs and barricades, control devices (e.g., locks) on 
entrances, conspicuous visual or audible alarms, and administrative 
procedures must be used as appropriate to control personnel entry into 
restricted areas. For High-Radiation Areas, the entry-control program 
must include at least one of the following: 

• Control devices on each entrance or access point that automatically 
· prevent entry when the radiation level is above 0.1 rem (0.001 Sv) per 
hour or prevent operation of the radiation source. 

• A control device that energizes a conspicuous visible and/ or audible 
alarm that warns anyone entering the area of the radiation level and 
informs radiation protection personnel of the entry. 

• Locked entry ways, except during periods when access to the area is 
required, with positive control over entry and with radiation surveys 
made for the initial entry and periodically as necessary. 

• Control devices that automatically generate conspicuous audible 
and/ or visible alarms before operation of the radiation source to 
permit evacuation of the area or that prevent operation of the source 
when anyone is in the area. 

The AHD, RWA, or RWP will specify which controls are necessary in 
each case. (See Accelerator Radiation Protection Interlock Systems, later in 
this chapter.) 

No access is permitted to Very-High-Radiation Areas, which are 
controlled by interlocks. 

21·25 RADIATION SAFETY 
Revision 1 



Health & Safety Manual, PUB-3000 

RADIOAOIVE 
MATERIALS SAFETY 

RADIATION SAFETY 
Revision 1 

Users wishing to begin using radioactive materials should contact 
Radiation Assessment to receive guidance in applying for a Radiation 
Work Authorization (see Radiation Work Authorization and Permit 
Program). Operations involving radioactive materials are restricted to 
those buildings (or areas within buildings) designated by EH&S for such 
use. Such operations must be carried out only by qualified radiologica,l 
workers and in accordance with the requirements of the RWA or RWP. 

All chemical and mechanical operations on radioactive material must be 
designed to prevent the spread of radioactive contamination out of the 
radiological work area and to reduce radiation exposure to levels that 
are ALARA. Each proposed use of enclosures or fume hoods must be 
reviewed in advance by Radiation Assessment with respect to the 
amount of radioactive material to be used and the type of operation. 
Before any change in use of radioisotopes, Radiation Assessment must 
be consulted so that the safety controls and procedures can be re
evaluated and the RWA can be amended and approved. 

RADIOLOGICAL ASSISTANCE 

Radiological assistance normally is available Monday through Friday, 8 
a.m. to 5 p.m. Assistance outside these hours is available but must be 
arranged at least one week in advance. This is especially important 
during the Christmas-New Year shutdown. Call Radiation Monitoring 
at ext. 7652. Normally, a Radiological Control Technician will be 
assigned to each area where radioactive materials are used. Generally, 
radiation safety services and advice may be obtained through the RCT. 

TRAINING IN RADIOISOTOPE SAFETY AND WASTE 
DISPOSAL PROCEDURES 

All employees using radioactive materials in their work must attend, at a 
minimum, EH&S training course 430. On-the-job training in procedures 
specific to the use is also required. See Radiation Safety Training. All 
personnel generating hazardous waste must receive hazardous waste 
generation training. Contact Hazardous Waste Operations. Retraining 
must be provided at least every two years. Supervisors must ensure that 
employees in their groups comply with this requirement. 

SAFE WORK PRACTICES 

Occupational workers who are assigned a personnel dosimeter must 
wear their dosimeters when in the Radioactive Material Management 
Area. 
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When working with radioactive material, employees must check for 
personnel contamination before, during, and after work. See Workplace 
Radiation Monitoring. 

Mouth pipetting, eating, drinking, and smoking are prohibited in an 
RMMA. 

Do not pour liquid radioactive waste into sanitary drains. If this is done 
by accident, notify Radiation Assessment immediately. · 

Air sampling requirements and locations will be specified in the RWA 
document. Notify Radiation Assessment if there is any malfunction of 
air sampling equipment. 

When leaving any radioisotope work area, employees must check for 
personal contamination by using a hand and foot counter or by 
thorough monitoring with the appropriate survey meter. 

All equipment and materials in a Radioactive Material Management 
Area must be monitored and tagged prior to removal. 

Enclosures and containers housing radioactive material must be labeled 
with a "Radioactive Materials" label showing the date and amount of 
radioactive material. 

Follow contamination control practices when working with dispersible 
radioactive material: 

• Wear appropriate protective clothing. 

• Remove gloves when leaving the immediate work area. 

• Use absorbent, impervious surfaces. 

• Use a tray or other suitable secondary containment when dispensing 
or storing liquids. 

• Use unbreakable secondary containers when transferring material 
between work locations. 

Reduce the radiation dose by using time, distance, and shielding 
effectively. 

When work is finished, dispose of and store materials and equipment 
properly. 
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ENGINEERED SAFETY ENCLOSURES 

Safety enclosures are required for radiation use, based on the activity 
and dispersibility of the radioisotopes. The RW A or RWP hazard 
assessment will determine whether enclosures are required. 

• Fume Hoods 

Fume hoods are designed to protect the operator by providing 
directional air flow. Since fume hoods are not typically filtered, they are 
not adequate for operations that might result in significant releases of 
radioisotopes to the atmosphere. For such operations, enclosures such 
as glove boxes must be used. The Environmental Protection Group 
determines the allowable release for each RWA or RWP. 

A lab coat, disposable gloves, and other appropriate attire must be worn 
at all times when working at a hood or wherever a chance of 
contamination exists. 

If radioactive material must be kept in a hood for short periods, it must 
be safely packaged and well shielded, and Radiation Assessment must 
be notified of its location. For storage for more than a month, the 
material should be given to Radiation Assessment for safe storage in the 
pit-room facilities at Building 70. A warning tag or sticker identifying 
the radioactive isotope, its level of activity, the date, etc., must be affixed 
in a prominent location outside the hood. Radiation Assessment can 
advise on proper shielding of gamma emitters. 

Flammables, explosives, and pyrophoric materials must never be stored 
in hoods containing radioactive materials. 

Acids, solvents, and heat sources can damage the inside surfaces of 
hoods, making any needed decontamination difficult. Always use 
protective coverings, such as sheet plastic, absorbent paper, or heat
resistant materials, as working surfaces. 

The sliding front window of a fume hood protects against splashing 
chemicals and unexpected reactions and controls air velocity at the front 
of the hood. The recommended minimum air velocity of 100 fpm is 
achieved by matching the arrow on the side of the vertical sash with the 
arrow on the frame. 

Periodically, hood ventilating systems must be shut down for 
maintenance or repair. Before any hood ventilating system is shut 
down, the occupants of the room must be notified. The hood sash must 
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be in its most closed position during shutdown, and a sign stating 
"CAUTION: HOOD OUT OF SERVICE. DO NOT USE" must be placed 
on the front of the hood. This sign must remain in place until service is 
restored, at which time the occupants of the room must be notified. 

Construction & Maintenance requires that the PI or supervisor render 
the hood as free as possible of radioactive and chemical contamination 
before hood repairs or modifications are begun. Duct work must be 
checked by Radiation Assessment personnel prior to any maintenance. 

• Glove Boxes 

The basic glove box consists of an enclosure maintained by a manifold 
system at a negative pressure with respect to the room. Four types of 
glove boxes are used at the Laboratory: 

• Basic boxes, referred to as "Berkeley boxes." 

• Lead-shielded boxes, called "junior caves." 

• Inert-atmosphere boxes. 

• Vacuum-line boxes, called "piano boxes." 

The radioisotope contents and the approximate level of radioactivity 
inside the glove box must be posted in a prominent location on the front 
of the box. 

Glove boxes must always be adequately ventilated; the ball indicator in 
the flow meter, mounted on the nonradioactive side of the high
efficiency filter on every box, must stay above the black line inscribed on 
the face of the flow meter. Exhaust-manifold control-box alarms 
occasionally go off because of power interruptions or malfunctions. 
Should this occur, immediately notify Radiation Assessment. Never 
turn the control box off, and never disconnect a glove box from an 
exhaust manifold. 
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Box gloves and glove "0" rings must be checked visually and by 
instrument survey for holes and deterioration before each use of the box. 
If gloves or "0" rings need replacing, call Radiation Assessment. 
Surgical gloves must be worn while using box gloves. Sharp objects 
inside the glove box must be placed in protective containers to prevent 
accidental puncture of gloves. 

Box "pass-outs" and "pass-ins" must be done only by properly trained 
personnel or with the assistance of Radiation Assessment. 

The amounts of flammable liquids or gases used in ordinary glove boxes 
must be small enough to prevent the buildup of explosive 
concentrations. Special fire extinguishers for use on glove box fires are 
available from EH&S and must be located near any glove box containing 
flammable material. 

Never use a shielded glove box ("junior cave") until the radiation level 
inside the cave has been checked with the appropriate survey meter. 

Check gloved hands for contamination when removing them from the 
box. Check hands and feet for contamination after working in a glove 
box and when leaving the work area. 

Glove boxes are designed to resist earthquake damage and must be 
secured to prevent tipping. 

RADIOACTIVE WASTE 

More detailed information regarding radioactive waste is given in 
Chapter 20, Hazardous Waste Disposal. Researchers and line management 
are responsible for compliance with waste requirements. Radioactive 
waste is to be collected in approved containers with properly filled-out 
inventory tags. Waste must be segregated by physical and chemical 
form according to EH&S instructions. Sharps must be placed in 
protective containers, and biohazardous waste must be deactivated. 
Animal and tissue waste must be kept frozen until pick-up. 

Generation and accumulation of radioactive waste, especially mixed 
waste (radioactive plus hazardous) must be minimized. Do not overfill 
waste containers, as this can cause area contamination. 

It is especially important that radioactive waste be properly 
characterized. A waste log should be maintained so that the tag can be 
filled out accurately. Researchers and line management are responsible 
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for compliance with waste requirements. Waste cannot be picked up 
unless appropriate conditions are met. 

PROCUREMENT OF RADIOACTIVE MATERIAL 

Purchase of radioactive materials is done via blanket order or purchase 
order. Indicate the RWA number on purchase documentation so that it 
will appear on shipping papers when the package arrives. Do not make 
any orders for isotopes or amounts that are not covered by the RWA. 
Such orders will not be delivered until an amended RWA can be 
processed, which may take from several days to a week. 

For sealed-source purchases, see Sealed Sources later in this section. 

TRANSPORTATION AND SHIPMENT OF RADIOACTIVE 
MATERIAL 

All incoming and outgoing shipments of radioisotopes must be made by 
Radiation Assessment Transportation unless special authorization is 
obtained. 
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Generally, there are six types of transfers, each of which require 
different procedures for approval. They involve transfers to: 

• Other DOE prime contractors. 

• DOE general-type contractors. 

• Foreign countries. 

• Universities or other educational institutions. 

• Commercial firms. 

• Governmental agencies. 

A person wishing to ship or transfer radioactive materials from the 
Laboratory must fill out a Hazardous Material Request for Shipment, 
available from Radiation Assessment Transportation. At least 5 days' 
notice is required. After receiving approval for the shipment, the 
material must be given to Radiation Assessment Transportation, ext. 
7620, for proper packaging, record keeping, and shipment. 

Transfer of radioactive materials outside of immediate LBL control 
involves potential financial liability and personal hazard problems in 
addition to possession of the required license. Moreover, these materials 
are the property of the U.S. government and must be accounted for in 
accordance with established procedures. 

Inter-building transportation within LBL of radioactive material or 
equipment is made by Radiation Assessment Transportation, except for 
certain special cases in which individuals may carry certain low-level, 
well-contained items by hand with prior approval from Radiation 
Assessment. 

STORAGE OF RADIOACTIVE MATERIAL 

Radioactive materials that are not being used (exclusive of material that 
has become radioactive by bombardment with neutrons or charged 
particles, called "induced-radioactive material," covered separately 
below) must be stored in a secure area, such as: 

• The pit-room (70-147 A) storage facility operated by Radiation 
Assessment. 

• A building or room locked during off hours. 

• Lockable, fire-retardant Berkeley boxes or air-filtered cabinets 
designed to be earthquake resistant. 
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Radioactive research equipment that is too large to be stored at the 
Laboratory can be stored at Warehouse 903 (in Berkeley), provided that: 

• The level of radiation at the surface of the package does not exceed 0.5 
mrem/hr. 

• There is no removable contamination. 

• The package has been monitored and tagged by Radiation 
Assessment. 

Unsuitable storage areas include bench tops, desk drawers, fume hoods, 
and wooden cabinets or lockers. 

HANDLING OF INDUCED RADIOACTIVE MATERIALS 

Induced-radioactive material is material that has been made radioactive 
by bombardment with primary or secondary particles from accelerators 
or other sources. 

Guidelines regarding induced-radioactive material are as follows: 

• Do not allow induced-radioactive material that you are not using to 
accumulate. Contact Radiation Assessment for proper disposal. 

• When an item is removed from a Radioactive Material Management 
Area (such as an accelerator cave), it is surveyed by trained and 
authorized personnel. If it is determined to be radioactive (see Release 
of Material from Controlled Areas), it must be labeled or tagged as such 
or placed in a delineated, labeled "lay-down" area within the 
Controlled Area. 

• Items with removable contamination must be marked as such and 
wrapped. 

• Items with radiation levels above 0.5 mrem/hr at the surface must be 
marked with a radiation label. 

• Induced material may not be moved out of the Controlled Area 
without Radiation Assessment authorization. 

• Any work to be performed on induced material must be covered by 
an RWP or RW A. Notify Radiation Assessment well in advance of 
such work to prevent delays while a hazards analysis is conducted 
and a permit or authorization issued. 
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NUCLEAR MATERIALS 

Nuclear materials are accountable materials. They are 6Li, 237Np,228Th, 
232Th, 241Am,243Am, 247Bk, 248Cf, deuterium, tritium, and all isotopes 
of curium, plutonium, and uranium. 

These materials must be stored in a locked location when not being used. 
They must be auditable at any time. No nuclear material may be 
transferred from one user to another without approval by the Radiation 
Assessment Nuclear Material Representative. 

DECONTAMINATION OF RADIOACTIVE EQUIPMENT 

Articles that are of sufficient value to make recycling economical can be 
given to EH&S for decontamination. Proper packaging and 
identification of these items must be done by a Radiation Assessment 
representative. Glove boxes, hoods, and other enclosed work areas may 
be decontaminated in place by Radiation Assessment personnel. 
Contaminated clothing and other personal items must be 
decontaminated by Radiation Assessment before they can be removed 
from the Laboratory. 

Decontaminated equipment will be released to the user when no 
radioactive residue can escape into the air or be transferred by contact 
and when there is no hazard from external radiation levels. 

RELEASE OF MATERIALS FROM CONTROLLED AREAS 

Potentially contaminated material to be released from Controlled Areas 
must be surveyed by trained and authorized personnel to assure the 
absence of contamination. Areas requiring a release survey include any 
area where material may have become activated by an accelerator or 
contaminated by radioactive material. The list of areas requiring 
surveys is routinely updated, and it includes all areas with unsealed 
radioactive material and all accelerator beam access areas. 

Contact Radiation Assessment Monitoring for release surveys or 
questions regarding applicability. Transportation will not pick up 
material from these areas unless it has been monitored and tagged. 

• Release Surveys 

These surveys are generally performed by Radiation Assessment. In 
some cases (for induced material), the monitoring may be conducted by 
other specially trained individuals. Release monitoring procedures are 
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specified in EH&S Procedure 708. Contamination levels must be 
surveyed by direct monitoring and swipe testing and must be below the 
limits in Table 2-3 of the LBL Radiological Control Manual. Some selected 
limits from the table are given in Table 21.4. 

Table 21.4. Selected Contamination Limits 

Removable Total 
Nuclide Dpm/100cm2 (Fixed+ Removable) 

Transuranics (alpha) 20 500 

Beta-gamma (some exceptions) 1,000 5,000 

Tritium 10,000 10,000 

Material that has induced activity must be surveyed externally. Se~,mples 
are removed for analysis on a case-by-case basis, as specified by ·~ 
Radiation Assessment. 

RADIOACTIVE SEALED SOURCE PROCEDURES 

A sealed source is radioactive material encapsulated or plated in such a 
way that it will not be released under normal conditions. 

Radiation Assessment is responsible for approving all procurement and 
use of radioactive sealed sources. EH&S Procedure 711 specifies the 
appropriate procedures. 

• Source Custodian, Authorization 

Each sealed source must be assigned to a source custodian who will be 
responsible for it. There will be an RWA issued to the source custodian 
that lists all sources in the custodian's possession, their use and storage 
locations, and all precautions and conditions of use. See Radioactive Work 
Authorization and Permitting for more information about the RWA 
process. 

Requests for new sources must be initiated through Radiation 
Assessment. If possible, an existing LBL source should be used. If a 
new one is to be purchased, Radiation Assessment must approve the 
purchase order. A new or amended RWA must be issued. 
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• Transfer of Sources 

Any radioactive source coming on site must be delivered to the 
Transportation Office; as with other radioactive material. When the 
source arrives, Radiation Assessment will test it for integrity, assign an 
HC inventory number (sealed-source identification number), and enter it 
into the radioactive material database. The source custodian will sign a 
Radioactive Source Card, accepting responsibility for the source. 

If a source is to be moved to a use or storage location not on the RWA, 
Radiation Assessment must be notified to amend the RWA and assist in 
the transfer. 

• Source Possession Procedures 

Sources must be kept in properly labeled, secured, shielded areas. 
Conditions of use and storage are specified in the RW A and in EH&S 
Procedure 711. It is the responsibility of the source custodian to make 
the source available to Radiation Assessment for semiannual leakage 
testing. Any source found to be leaking over limits must be repaired or 
disposed of through Radiation Assessment. Wear gloves and use 
caution when handling fragile sources. Notify Radiation Assessment if 
there is any suspicion of source damage. 

Source custodians are responsible for maintaining the integrity of sealed 
sources. When a new source is purchased, information from the 
manufacturers regarding handling, useful lifetime, etc., must be given to 
Radiation Assessment. The source custodian must ensure that fragile 
sources are checked for leakage after each use or transfer and notify 
Radiation Assessment of any contamination detected. A sealed source 
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log that lists the location and current user of each source must be 
maintained by the custodian. An entry must be made whenever the 
source is removed from storage. 

• Training 

All users of sources must have training commensurate with radiation 
hazards. EH&S 430 training is generally required. (See Radiation Safety 
Training.) 

GENERAL 

Every accelerator must have a current Activity Hazard Document 
and/ or Safety Assessment Document (SAD) before start-up of 
operations. This AHD specifies details of the accelerator radiological 
control program and safety programs and defines the safety envelope. 
Help in preparing the AHD or SAD is available from EH&S. Procedures 
specified in the AHD must be followed. Additional safety analysi~ and 
conduct of operation documentation is required by the primary DOE 
order for accelerators, Order 5480.25. 

The EH&S accelerator radiological control program consists of the 
following functions: 

• Consulting with operations p~rsonnel, experimenters, and monitoring 
personnel. 

• Designing and reviewing shielding and other safety systems and 
reviewing AHDs. 

• Training operations and monitoring personnel. 

• Monitoring area radiation. 

• Dosimetry. 

• Reviewing and assessing radiological safety concerns of research 
projects. 

Experimenters and operations personnel must consult with an 
accelerator health physicist before planning new facilities or operations. 
Failure to consult Radiation Assessment in the planning stage may result 
in costly delays. Operations must be designed and conducted in such a 
way that personnel cannot be overexposed during "worst case" 
conditions and normal operational exposures are below administrative 
levels. 
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Before any operation is begun at any LBL accelerator or ion source, a 
radiation survey must be carried out by Radiation Assessment. Surveys 
must be carried out whenever radiological conditions might change and 
at least once per month during routine operations. 

Interlocks and warning devices must be checked and systems serviced 
(and the task documented) by the operating groups at intervals not to 
exceed six months. See the following section for guidance regarding 
interlocks. 

All accelerator workers must be assigned appropriate dosimeters and 
have radiological worker training. (See the Personnel Radiation 
Monitoring and Radiation Safety Training sections.) 

INDUCED ACTIVITY 

Accelerator beams can produce induced radioactivity in components 
and equipment that are in close proximity to the beam. Materials 
removed from these areas must be characterized as to activity and 
radiation levels. Items may not be removed from the accelerator 
Controlled Areas for unrestricted release until a release radiation survey 
and tagging have been performed per EH&S procedure 708. Only 
Radiation Assessment and specially trained and designated personnel 
may perform such surveys. 

OCCUPANCY OF BEAM ENCLOSURES 

LBL policy requires radiation safety interlock systems at particle 
accelerators to protect personnel from accidental exposure to hazardous 
levels of radiation. Interlocks must be addressed in the AHD. 

Occupancy of a beam enclosure while the beam is directed to that area is 
not normally allowed unless specifically permitted in the basic facility 
AHD. Entrances to such enclosures must be interlocked to the beam 
permissive-logic control system for safety. Overriding these safety 
mechanisms for purposes of convenience or expedience is not permitted. 
Experiments must be designed so that electronic or mechanical means 
are incorporated to monitor and to adjust the apparatus remotely if 
necessary. 

If occupancy is required, a variance to this policy must be requested 
from the facility manager. Such variances must be requested far enough 
in advance to allow sufficient time for review-as much as several 
weeks. The request must be written by the experimenter as a Special 
AHD, which must: 
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• Explain the need for such a variance. Mere convenience or expedience 
is not sufficient. 

• Show why other methods cannot be used to avoid the need for a 
person to be in the enclosure with the beam on. 

• Include alternate means to ensure equivalent degrees of safety and 
adequate provisions for monitoring radiation levels and personnel 
exposures. 

• Include provisions to ensure that the beam will not deviate so as to 
increase radiation levels in the enclosure. A study must be made of 
possible fault conditions that might lead to higher-than-anticipated 
radiation fields in the enclosure or in other occupied areas. 

• Include full details of work to be done and precautionary measures to 
be taken during this mode of operation. 

• Establish a short-term expiration date beyond which it will no longer 
be valid. 

The Special AHD must be approved by the people who approve& the 
original AHD and the Radiation Assessment accelerator health physicist. 
The accelerator operators must be informed of the provisions of the 
Special AHD and understand their authority and responsibility during 
the variant operation. 

Any work in a Radiation Area or handling of radioactive material, 
whether the beam is operating or not, will require a Radiation Work 
Permit or a Radiation Work Authorization. See the Radiation Work 
Authorization and Permit Program section for more details about this 
program. Radiation Assessment must be contacted well in advance of 
new operations to prevent delays while hazards are assessed and the 
appropriate document issued . 

• 
Interlock systems protect personnel from accidental exposure to 
potentially high levels of radiation by excluding personnel from High
Radiation or Very-High-Radiation Areas. This section covers basic 
considerations governing the proper selection, design, and operation of a 
radiation warning and access control system that are essential to the safe 
operation of a particle accelerator. 

This section, in conjunction with the Radiological Control Manual, the 
current edition of the National Electrical Code (NEC), and other pertinent 
sections of PUB-3000, will apply to all particle accelerators owned or 
operated by LBL that are capable of causing personnel to exceed federal 
dose limits. In case of conflict, the more stringent rule will apply unless 
this section explicitly states otherwise. 
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The intent is to give the general methods of system design that achieve 
the desired protection, not to give specific safety system requirements. 

This section does not address protection from induced radiation or 
airborne radiation or the handling of radioactive material. Only prompt 
radiation, both primary and secondary, is covered. 

PHILOSOPHY OF INTERLOCKING 

Interlocking systems must be individually designed to meet the 
requirements of individual accelerators and experimental areas. The 
common purpose of all interlocking systems is to provide adequate, 
effective, and reliable protection to personnel against inadvertent 
exposure to excessive radiation. This means that the interlocking system 
must have the following qualities: 

• The system must be fail-safe. 

• The system must be redundant. 

• The system must be testable. 

PRINCIPLES OF INTERLOCKING NETWORKS 

• Fall-Safe Network 

A fail-safe network is one in which the most likely failure modes (see 
Points of Consideration, later in this section) leave the protection system in 
a safe state. For example, should a single protection device fail (owing to 
electrical power failure, material fatigue, electrical overload, etc.), the 
network must provide personnel protection in this failed condition. 

• Redundant Systems 

A redundant system is one in which no single failure will render the 
system unsafe. A redundant system must have two or more completely 
separate networks doing the same task of interlocking the system. 
Redundancy can be achieved by using parallelism, overlapping, or a 
combination of both. Redundancy improves the system's overall 
reliability. 

Parallelism 

Components, portions of the network, or the entire network can be 
parallel. Both paths in parallel systems have identical functions and are 
interchangeable. They sense the same parameters, act on information in 
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the same way, and produce outputs that independently achieve the 
same result. The status of each path must be displayed separately for 
the paths to be considered parallel. 

Overlapping 

Overlapping systems, like parallel systems, must produce at least two 
independent outputs that achieve the same results; however, 
overlapping systems have differing components, portions of networks, 
or entire systems. Overlapping systems sense different inputs, do logical 
functions differently, or take action in a different manner. Individual 
systems may overlap only partially, so that some modes are covered by 
some systems but not others. As long as each possible condition is 
covered by two or more systems, everything is overlapped. 
Overlapping tends to reduce vulnerability to systematic design flaws 
and failures. 

• Testable Systems 

Periodic system testing and verification are important factors for safe 
operation. A test must verify that all protective elements in the system 
function properly. The test must also verify that the system works as 
expected and prove that improperly executed operations do not lead to 
an unsafe condition. System design must be such that unintentional acts 
by personnel do not defeat the interlock system. The system should also 
resist unauthorized attempts to defeat it, but not to the point that its 
complexity makes testing or repair difficult. 

When system testing is complete, a functional test must be performed 
and verified to ensure that any action that was done to enable testing has 
been rescinded. Additional functional tests must be conducted at least 
once every six months. 

VIsibility 

The status of every input and output of the interlocking network should 
be displayed continuously. This facilitates the procedure of testing the 
system and spotting failures as they occur. It also helps the users keep 
track of the radiation safety situation. · 

Self Checking 

An advanced interlocking system may contain additional self-checking 
circuitry that detects disagreement between redundant systems. Each 
test exercise must result in the system's being in a safe state. 
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DESIGNING AN EFFECTIVE INTERLOCK SYSTEM 

By definition, an interlock system ensures mutual exclusion of personnel 
and radiation in High-Radiation and Very-High-Radiation Areas. 
Requirements for an accelerator interlock system are based on a case-by
case evaluation of the radiation hazards. With this evaluation done, 
configuration and design of the interlock system can begin. The 
effectiveness of interlocking is largely dependent upon the choice of 
controlling and sensing devices. 

The process of designing an effective interlock system consists of the 
following steps: 

• Identify all the primary radiation- and access-controlling devices 
(beam plugs, power supplies, doors, etc.) and their status indicators. 
The status of each controlling device must be derived by sensing the 
state of the device itself, not from the command to the device. 

• Identify all sensing devices that sense radiation or the possible 
presence of personnel (beam monitors, door switches, pressure pads, 
motion detectors, etc.). 

• Identify measurable secondary phenomena that, owing to some 
physical law, always occur with a given primary phenomenon for 
possible use by backup systems (neutron monitors, etc.). 

• Using the information gathered in the preceding steps, select the 
primary and possible backup controls and sensors. 

• Having identified the radiation- and access-controlling devices and 
the sensing devices, determine the design of the logic to effectively 
carry out the required operation. Remember to use each component 
in a fail-safe manner. 

DESIGN REQUIREMENTS 

Interlocks are normally composed of electrical or mechanical devices 
that operate automatically when personnel inadvertently attempt actions 
that would bring them in contact with hazardous levels of radiation. An 
interlock must consist of inputs from controlling or measuring devices, a 
logic network, and outputs to radiation-limiting and access-controlling 
devices. In addition, the design must embody a clear understanding of 
what to interlock (and what inputs to use) to achieve the required 
protection without hampering or defeating normal operations. 
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• General Design Requirements 

• Allow for ease of planning and performing experiments and support 
work, giving full consideration to prevention of accidents. 

• Prevent accidental exposure to hazardous levels of radiation in 
Controlled and Uncontrolled Areas. 

• Maintain continual surveillance and evaluation of potentially 
hazardous conditions in Controlled and Uncontrolled Areas, and 
provide methods of warning personnel of the potential hazard in 
these areas. 

• Ensure that interlock circuits are fail-safe and that redundant systems 
are incorporated. 

• Reduce reliance on procedures for personnel protection, and help 
enforce the timely and correct implementation of procedures. 

• Ensure that interlocks are not used as the normal on-off control 
function. 

-· 
• Ensure that warning devices are activated only when a hazard exists. 

• Incorporate audible alarms that have a sweeping tone rather than a 
fixed frequency or a bell. 

• Require the use of highly reliable components. 

• Provide separate protected rights of way and enclosures for all 
personnel radiation protection interlock systems, to achieve a greater 
level of system integrity. 

• Ensure that redundant interlocks activate separate safety devices. 

• Incorporate reliability, operability, and maintainability. 

• Interlocks and access controls must not prevent personnel from 
exiting Controlled Areas. 

• Specific Design Requirements 

• In all High-Radiation and Very-High-Radiation Areas, situate 
emergency cut-off devices within easy reach, and make sure they are 
clearly identified. Such devices must have positive identification as to 
their operation and must require an overt act to reset. 

• Audio and visual warning signals must activate at least one minute 
before accelerators are turned on. 

For more details, see Points of Consideration, at the end of this section. 
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INTERLOCK BYPASSING REQUIREMENTS 

Any temporary modification (such as a temporary defeat for testing) 
made to a radiation interlock system must be carefully documented and 
approved by authorized personnel. The temporary modification must 
be removed and the interlock operation verified when the need for it no 
longer exists. 

• Any particle accelerator interlock bypass must be approved by the 
second level of supervision above the person requesting or installing 
the bypass. 

• Only properly trained personnel must be allowed to install and 
remove an interlock bypass. 

• Interlock bypasses must be documented on the appropriate 
schematics or checklist and must be logged. 

• A notice of an installed bypass must be displayed in the central 
control room. 

• A notice of an installed bypass must also be so aisplayed that anyone 
who enters an area affected by the bypass and who relies on the 
bypassed interlock will be properly informed that a safety device has 
been disabled. 

• All interlock bypasses must be removed when no longer needed and, 
in general, should not be installed for more than two weeks. If more 
time is required, a permanent solution must be implemented. 

• When an interlock bypass is removed, the restored state of the system 
must be documented on the schematics or checklist and must be 
logged. 

• Verification that the interlock bypass has been removed and that the 
interlock system has been restored to its original functional state will 
be performed by a second qualified individual. After this verification 
has been completed, the notices of an installed bypass will be 
removed, and a logbook entry documenting the removal will be 
made. 

COMPUTERS AND LOGIC CONTROLLERS 

Many devices fall into this category (e.g., computers, programmable 
controllers, and fixed logic assemblies). While their use is not 
recommended in conjunction with safety interlocks, computers and logic 
controllers are used to monitor, time, evaluate, enable, disable, and 
control accelerators. These are complex interlock systems, requiring 
special design evaluation. Additionally, when computer and logic 
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controllers are used in safety interlock systems for other than secondary 
monitoring and control, the system design will be subject to an 
additional peer review. This ad hoc peer review committee will be 
appointed by the appropriate Division Director and must include the 
RCMgr and one or more individuals recommended by the Electrical 
Safety Subcommittee of the Safety Review Committee. 

• Computers and logic controllers used in personnel radiation 
protection interlock systems must be dedicated to this task. They 
must not be used in multifunction service. 

• Two identical systems that use the same software or hardware are 
vulnerable to common logical errors and do not qualify as a 
redundant system. 

• All systems must employ software and/ or hardware, such as 
watchdog timers and sequences, that will ensure that the system is 
working and functioning in a normal manner, so far as can be 
determined. 

• A computer or logic controller may enable the accelerator, but .it must 
not be able to tum on the accelerator without a specific act by the 
operator. 

• A safety review group composed of qualified personnel must review 
and approve all installations and alterations. 

• Software and hardware protective mechanismS should be 
implemented to inhibit accidental or unauthorized alteration of the 
software. 

• Access to system components must be restricted to personnel 
authorized to use and maintain the system. Every effort must be 
made to prevent deliberate or inadvertent alterations of the logic 
systems. Protective logic mechanisms must remain functional after 
power interruptions. 

• Special attention must be paid to the environment in which the system 
resides. These systems are inherently more sensitive to their 
environment than other devices. 

OPERATIONS AND ADMINISTRATION 

Accelerators that require a radiation interlock system must have an 
AHD Manual that defines the procedures to be used by operating 
personnel with respect to the accelerator interlock systems. 
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• Maintenance, functional testing, and complete testing schedules must 
be incorporated in the AHD and must be in accordance with the 
appropriate DOE orders. 

• The AHD must also include search and clear procedures. 

• All searches must be conducted by properly trained personnel. 

• For limiting access to specific areas of an accelerator, barricades and 
ropes must be used only temporarily. 

POINTS OF CONSIDERATION 

• The most likely failure modes for relays and switches are failure of the 
contacts and failure of the device to activate. 

• The most likely failure mode for solid-state devices is for the device to 
have a short circuit. 

• The most likely failure mode for cables is for the cable to be severed or 
unplugged. 

• For areas that temporarily change from Uncontrolled Areas to 
Controlled Areas, provide a two-stage automatic warning system to 
reduce the need for human interaction. 

• When using TTL digital logic or relays in safety chains, the general 
rule is to use either negative logic or normally open contacts for 
circuits that enable. 

• When using TTL digital logic or relays in safety chains, the general 
rule is to use either positive logic or normally closed contacts for 
circuits that disable. 

• For situations in which several AHD procedures need to be 
implemented, provide hardware interlocks that require the 
procedures to be implemented in proper sequences and within a 
reasonable time. 

• Avoid the use of solid-state devices in safety chains. Give special 
attention to failure analysis and to the more complex circuits 
employed. 

• Consider the environment in which parts and equipment are to 
function.-
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The major portion of this section gives general requirements for all X-ray 
equipment at LBL. Specific requirements are given for X-ray machines, 
which are classified as analytical (open and enclosed beam), portable, 
therapeutic, diagnostic, or photoemissive. Safety requirements for these 
X-ray machines are based on ANSI Standard N43.2 and the appropriate 
sections of the National Council for Radiation Protection (NCRP) 
Reports numbers 102 and 49. 

This policy establishes responsibilities, specific authorization of users, 
and requirements for X-ray machine operation and maintenance. 
Logbooks must be used to keep records of operation and maintenance. 
Interlocks, where required, must be redundant and fail-safe. An X-Ray 
Machine Safety Document must be written for each X-ray machine and 
approved by Radiation Assessment. Radiation Assessment can assist 
with writing this document. r 

Variances from the general safety policies for specific operational cases 
are reviewed and approved by the X-Ray Safety Officer. This requires 
the operator to evaluate and explain the need for a variance. The X-Ray 
Safety Officer periodically reviews these policies, revises them as } 
necessary, and continually reviews the quality of the X-ray safety .· 
program. 

RESPONSIBILITY 

The X-ray system supervisor has the prime responsibility for auditing to 
ensure compliance with policies. 

The responsibilities of the individual worker are the following: 

• Each worker must immediately report to Radiation Assessment any 
suspected exposure to an X-ray beam. 

• Each worker must, upon the instruction of a qualified expert or 
responsible supervisor, follow the recommendations and instructions 
drawn up in ·the interest of radiation protection. 

• Each worker must use the protective devices provided. 

• Each worker must bring to the attention of those in charge any defect 
or deficiency in radiation protection devices and procedures. 

The X-Ray Safety Officer is responsible for managing the X-ray safety 
program. The X-Ray Safety Officer advises on, and monitors compliance 
with, LBL regulations. 
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All X-ray-generating units must have the most recent XSD readily 
accessible to certified X-ray users. This XSD must contain at least the 
following: 

• The name of the person responsible for the unit (system supervisor). 

• A list of authorized users. 

• A list of authorized instructors. 

• A list of authorized maintenance personnel. 

• An emergency or problem call list. 

• Equipment descriptions and parameters. 

• Descriptions of safety features. 

• Specific operating procedures. 

• · Specific alignment procedures, as applicable. 

• Copies of appropriate standards and policies, as provided by 
Radiation Assessment. 

These XSDs must be prepared by the X-ray system supervisor with 
assistance from Radiation Assessment. The X-ray system supervisor 
must review the XSD as frequently as changes in the program 
necessitate, but at least every year. During this review, the X-ray system 
supervisor must review the XSD and submit to the X-Ray Safety Officer 
any changes to be made or else indicate that there have been no changes. 

The XSD must also be reviewed when any item listed above changes, 
except for the list of authorized users, instructors, or maintenance 
personnel. 

SYSTEM SAFETY ANALYSIS 

All X-ray machines must undergo a System Safety Analysis as follows: 

• For ne~ units, before operation. 

• For working units, at intervals no longer than one year or upon 
modification. 

• For out-of-service units, before being brought back into service. 
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following: 

• Identification of modifications to the safety systems made since the 
last analysis, if any, and approval of the changes. 

• Verification, update, or production of schematic diagrams of the 
safety systems. 

• Assessment of potential equipment failure modes and their possible 
consequences with emphasis on the failure modes of interlocks and 
other safety devices. 

• Review of the detailed protocol for routine maintenance testing of 
safety devices. 

• Preparation of a written report of the findings of the analysis together 
with recommendations for action, if any. Copies must be given to the 
X-Ray Safety Officer, who will distribute them to the X-ray system 
supervisor. 

INTERLOCKS AND INDICATORS 

All X-ray generating equipment must have interlocks and indicators as 
specified in applicable standards (NCRP 102 and ANSI N43.2) unless ; 
exempted for its specific machine classification in this manual or by 
variance. 

Specific requirements are as follows: 

• Redundant interlock chains or mechanical shutters, either of which 
may prevent the emission of X rays from the X-ray tube. It is 
recommended that a signal from a fail-safe area radiation monitor be 
part of one of these interlock chains. 

• A bistable indicator that gives a positive indication that high voltage is 
applied to the X-ray tube. This indication must be incorporated into 
an interlock chain in a fail-safe manner, or another bistable indicator 
that gives a positive indication that high voltage is not applied to the 
X-ray tube must be used. 

• A key-controlled switch that controls the main power to the X-ray 
generator. Furthermore, actuation of this switch must not by itself 
cause high voltage to be applied to the X-ray tube. It must not be 
possible to remove the key while this switch is in the "ON" position. 
Access to this key must be controlled. There should be as few copies 
of this key as possible, and those copies should be numbered and 
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assigned. When not being used, these keys must be locked up. This 
requirement may be relaxed in cases where access to the room in 
which the X-ray-generating unit is located is both limited and 
controlled at all times. 

In addition, it is recommended that each X-ray-generating unit have an 
audible, attention-catching, and reliable or fail-safe indication of when 
high voltage is applied to the X-ray tube and the interlock chain has not 
been satisfied. 

OVERRIDE OF X-RAY SAFETY SYSTEM INTERLOCKS 

Interlocks on X-ray equipment vary. Portable and medical diagnostic X
ray systems have few, if any, interlocks. Therapeutic X-ray machines, 
which are usually configured as a walk-in irradiator, and cabinet X-ray 
machines are usually extensively interlocked, and these interlocks need 
only be overridden for service or system testing. Analytical X-ray 
machines are also extensively interlocked; however, routine overriding 
of these interlocks is necessary for alignment. 

The necessity and appropriateness of interlocks are factors considered in 
the System Safety Analysis (SSA). A routine system-testing protocol that 
details overriding procedures for this testing is specified as part of the 
SSA report. It applies to all X-ray machine types. 

The need to override interlocks for service operations is left to the 
judgment of the authorized service personnel. These personnel are 
specified in the XSD for each X-ray machine. 

On analytical X-ray machines, there is the additional need to override 
interlocks for system alignment. Override is provided by a toggle or key 
switch. The type of switch needed is determined by the degree of access 
control at a given X-ray machine and the stability of its user population. 
Having a small, relatively stable community of users and good access 
control allows toggle switch overrides. In other situations, as 
determined by the X-Ray Safety Officer, key switches are required. 

When an override is necessary for alignment, an audible alarm is 
required as an alternate means of indicating that the beam is on and the 
shutter is open. This alarm serves: 

• To constantly remind the user of the state of the X-ray beam. 

• To discourage leaving the machine in this state for extended periods. 
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personnel are designated in the XSD. 

POSTING 

Posting of warning signs and labels must be in accordance with current 
standards and with the recommendations of the X-Ray Safety Officer. 

RECORDS 

All X-ray machines are controlled items, requiring complete property 
management accountability records. 

All X-ray machines must have a User's Logbook located near the 
machine and a Maintenance Logbook. The User's Logbook must be 
used to record the following information: 

• The user's name. 

• The experiment or procedure performed. 

• The number of exposures. 

• The techniques used. 

• The approximate time of use. 

• The date of use. 

• Any suspected abnormalities noted in machine operation. 

• The name of the responsible person to be notified of the above 
abnormality. 

• User leakage surveys (for analytical X-ray machines only). 

All notifications of suspected machine abnormalities must be answered 
in the Maintenance Logbook. All maintenance work on X-ray
generating equipment is considered a use of that equipment and must be 
entered in the User's Logbook, with a reference to the location of a more 
detailed entry in the Maintenance Logbook. 

The Maintenance Logbook is used to record the following information: 

• The maintenance person's name and employer (if other than LBL). 

• The reason for maintenance (may refer to the User's Log entry of the 
noted abnormality). 
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• Repairs performed. (If modification is performed, give the date of 
written approval from the X-Ray Safety Officer.) 

• The time and date of maintenance operation. 

• The signature of the maintenance person (indicates a certification that 
the machine is in normal working order, including all interlocking 
and fail-safe devices, and that circuitry and construction is in strict 
accordance with original manufacture plus approved modifications). 

The User's Logbook and the Maintenance Logbook may be combined if 
deemed appropriate by the X-ray system supervisor. This combined 
logbook must be located near the machine, as would a User's Logbook, 
and must contain all information required for both logbooks. 

All records of radiation exposure to users will be maintained by 
Radiation Assessment. 

PROPERTY MANAGEMENT 

All requisitions for X-ray-generating equipment must be reviewed by 
the X-Ray Safety Officer. Such equipment is controlled and may not be 
removed from inventory while still under Laboratory authority. 
Removal from inventory for purposes of disposal, transfer of ownership, 
or any other reason must have prior approval of the X-Ray Safety 
Officer. Any suspected loss of inventory accountability of X-ray
generating equipment must be reported to the X-Ray Safety Officer, who 
will assist in a prompt investigation. All movements of X-ray-generating 
equipment must be recorded by means of an Equipment Movement 
Record and have prior approval of the X-Ray Safety Officer. 

All inventory information for X-ray-generating equipment (plus that for 
electron microscopes) must be made available in the form of a computer 
readout, arranged in order of location, upon request of the X-Ray Safety 
Officer. In addition, the computer search information must be complete 
and exclusive of superfluous items. 

DOSIMETRY 

All users of X-ray equipment and people working in the vicinity of that 
equipment must properly and continuously wear appropriate personal 
radiation dosimeters supplied by Radiation Assessment Dosimetry. 
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Because of the low penetrating nature of X rays, personnel dosimeters 
must be worn on the side of the body facing the X-ray equipment, at the 
level of the X-ray beam, and outside all clothing. The X-Ray Safety 
Officer or the Dosimetry Office may be consulted regarding proper use· 
of personnel dosimeters. 

RADIATION SAFETY SURVEYS 

All X-ray-generating equipment must have a radiation safety survey 
performed by the X-Ray Safety Officer or designee at least once a year 
for machines in active use and upon startup of machines that have been 
removed from service. Additionally, each analytical X-ray machine 
must have an area monitoring device that continuously surveys the 
general environment. 

In addition, all X-ray-generating equipment must have a radiation safety 
survey performed: 

• Upon installation but before regular use. 

• After a repair operation that could have caused a change in the 
condition of shielding or safety protection devices. 

• After any repairs or maintenance that could affect the performance of 
a medical diagnostic machine. 

• Upon request. 

The safety survey must be recorded in the User's Log. To supplement 
these major surveys, the X-ray system supervisor for analytical 
equipment must spot check the X-ray machine at least every six months 
for radiation leakage. 

ROUTINE SAFETY MAINTENANCE 

The X-ray system supervisor is responsible for ensuring that X-ray 
machine safety systems are checked at the intervals specified in the 
System Safety Analysis. This interval is usually six months. A 
technician can be assigned by Radiation Assessment to perform this 
service, which will be charged to the program. · H the X-ray system 
supervisor prefers to have his or her own personnel perform the safety 
check (and this is allowed by the Routine Testing Protocol), then he or 
she must submit to the X-Ray Safety Officer for approval the names, 
organizations, and qualifications of the people who will perform the 
safety check. Safety system testing must be in accordance with the 
Routine Testing Protocol established as part of the System Safety 
Analysis. 
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The Completion of Routine Maintenance form and the Routine Testing 
Protocol checklist must be filled out and sent to the X-Ray Safety Officer. 
A notation of findings and action taken must also be included. 

MODIFICATIONS 

All modifications to X-ray-generating systems must have the prior 
approval of the X-Ray Safety Officer. Modifications affecting the safety 
or interlock system will require a new System Safety Analysis. 

USE CONTROL 

Only authorized users may use X-ray machines. To prevent 
unauthorized use, each X-ray machine must be controlled as specified in 
Interlocks and Indicators (earlier in this section). 

USER TRAINING 

To become an authorized X-ray machine user, a person must complete 
LBL's X-ray Machine Safety course (EH&S 410) and receive machine
specific training. The machine-specific training is conducted by an 
instructor named in the X-ray Machine Safety Document. This training 
must include specific machine operation and an introduction to the 
function and meaning of each safety feature and to basic radiation 
hazards and cautions. Additional courses may be required as 
appropriate. Written certification of training signed by both trainee and 
instructor must be submitted to the X-Ray Safety Officer before the 
trainee can be approved to use the X-ray machine. 

To ensure continued awareness of procedures for machine operation, 
users must be recertified whenever the safety aspects of the XSD are 
changed, when a user has not used the machine for more than one year, 
and at the discretion of the X-ray system supervisor or X-Ray Safety 
Officer. Recertification must be done every two years. 

INSTRUMENTATION 

A radiation survey meter with appropriate energy response 
characteristics should be used frequently to monitor for leaks around 
analytic and portable X-ray machines. In addition, a fixed Geiger- or 
ionization-type monitor of fail-safe design is required. This monitor 
may also be incorporated into the safety interlock chain as noted above 
in Interlocks and Indicators. 
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All X-ray-generating equipment must be shielded for stray radiation 
according to the direction of the X-Ray Safety Officer, with reference to 
prescribed standards and within the prescribed practice of ALARA. 

NEW INSTALLATIONS 

New installations of X-ray-generating equipment may not be operated 
without prior approval of the X-Ray Safety Officer and performance of a 
System Safety Analysis. An XSD must also be in place. Therefore, it is 
strongly advised that the X-Ray Safety Officer be consulted while the 
installation is still in the planning stage so that he or she can review 
requirements such as shielding, interlocks, and safety devices. 

X-RAY MACHINE CLASSIFICATIONS AND SPECIFIC 
SUPPLEMENTAL REQUIREMENTS 

• Analytical X-Ray Equipment 

Analytical X-ray machines are classified into two types: 

• Enclosed-beam X-ray systems. 

• Open-beam X-ray systems. 

The definitions of these terms are contained in ANSI N43.2, subsections 
5.2.1.1,5.2.1.2, and 5.2.2.3. 

The classification of enclosed-beam X-ray systems includes X-ray 
diffraction and X-ray fluorescence equipment that meets the 
specifications in ANSI N43.2. In addition, all cabinet X-ray units are 
considered enclosed-beam X-ray systems. 

The classification of open-beam X-ray systems includes all X-ray 
diffraction and X-ray fluorescence equipment not meeting the 
requirements for enclosed-beam X-ray systems. 

In all cases, first consideration and effort must be given to making a 
system meet the requirements of an enclosed system. Approval to use 
an open-beam X-ray system is handled as a variance. 

This equipment must be surveyed for stray radiation every six months 
and whenever any changes are made to the experimental setup that 
could compromise shielding effectiveness. More frequent surveys 
would constitute good practice and are encouraged. 
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Portable X-ray equipment presents particular hazards due to its 
flexibility of use and therefore must be used more carefully. Extra 
caution and awareness of beam orientation and the location of personnel 
in the vicinity of the X-ray machine are essential. 

The following specific provisions are required for portable X-ray 
generators: 

• Fail-safe, obvious, and prominent visual indications that X rays are 
being generated. 

• Interlocks, if possible; however, the nature and use of X-ray machines 
often precludes interlocks. 

• Periodic surveys for stray radiation (also conducted whenever any 
changes that could compromise shielding effectiveness are made to 
the experimental setup). 

• A key-controlled power switch on each unit. 

• Adherence to all NCRP standards applicable to portable X-ray 
machines. 

Additionally, reliable audio indication that X rays are being generated 
should be provided. 

• Diagnostic X-Ray Equipment 

Medical diagnostic equipment safety is described in NCRP Reports 
numbers 102 and 49. Since long exposures at high outputs are generally 
impossible with such units, interlocking is inappropriate; however, all 
such equipment must have a reliable, audible indicator that signals the 
production of X rays. 

The XSD for this equipment must state whether the X-ray machine 
complies with state and federal regulations for use on humans. Any X
ray machine to be used on humans must be found by the X-Ray Safety 
Officer to comply with these regulations before such use commences, 
unless specifically exempted by the Human Use Committee. 

All diagnostic X-ray installations must, if possible, have a light outside 
the room that indicates when the X-ray control unit is energized and 
when X rays are being produced. (A "rotor on" indication will suffice for 
the "X ray on" indication.) These lights must be fail-safe or redundant. 
Furthermore, they must be positioned and labeled so that their presence 
and meaning are obvious. 
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• Photoemlsslon X-Ray Spectrometers 

These X-ray systems do not, by design, emit X rays beyond the 
contiguous internal vacuum. They are, therefore, not within the scope of 
these regulations and are exempt from them. The X-Ray Safety Officer 
must, however, survey them for X-ray leakage on request and must be 
kept informed of their location. 

VARIANCES 

If it is impossible or highly impractical to adhere to any safety standard, 
the X-ray system supervisor may request, in writing, a variance. This 
request will be directed to the LBL Safety Review Committee for 
approval. 

All requests for variances will be evaluated on an individual basis and 
must demonstrate: 

• A definite need for variance. 

• Alternate safety devices or procedures that will ensure an equivalent 
degree of safety. 

All requests for variances from DOE-prescribed regulations require 
specific DOE approval. 

IRRADIATOR SAFETY An irradiator consists of a high-activity, sealed radioactive source 
housed in a shielded, interlocked chamber. Samples are inserted or 
brought into the chamber for exposure to radiation, then the chamber is 
closed and the source is moved remotely to the irradiation position. In 
general, the same regulations that apply to enclosed X-ray machines also 
apply to irradiators. 

Revised 8/94 

RESPONSIBILITY 

The irradiator supervisor has the prime responsibility for compliance 
with policies. 

The responsibilities of the individual worker are as follows: 

• Each worker must, upon the instruction of a qualified expert or 
responsible supervisor, follow the recommendations and instructions 
drawn up in the interest of radiation protection. 

• Each worker must use the protective devices provided. 
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• Each worker must bring to the attention of those in charge any defect 
or deficiency in radiation protection devices and procedures. 

The X-Ray Safety Officer, a member of Radiation Assessment, is 
responsible for monitoring and assisting with compliance with LBL 
regulations. 

ACTIVITY HAZARD DOCUMENT 

All irradiators must have the most recent AHD readily accessible to 
certified users. This AHD must contain at least the following: 

• The name of the person responsible for the unit (system supervisor). 

• A list of authorized users. 

• A list of authorized instructors. 

• A list of authorized maintenance personnel. 

• An emergency or problem call list. 

• Descriptions of safety features. 

• Specific operating procedures. 

• Copies of appropriate standards and policies, as provided by 
Radiation Assessment. 

The AHDs must be prepared by the irradiator supervisor with assistance 
from Radiation Assessment. The irradiator supervisor must review the 
AHD as frequently as changes in the program necessitate, but at least 
every year. During this review, the irradiator supervisor must review 
the AHD and submit to the X-Ray Safety Officer any changes to be made 
or else indicate that there have been no changes. The AHD must also be 
reviewed when any item listed above changes, except for the list of 
authorized users, instructors, or maintenance personnel. 

IRRADIATOR SYSTEM SAFETY ANALYSIS POLICY 

All irradiators must undergo a System Safety Analysis as follows: 

• For new units, before operation. 

• For working units, at intervals no longer than one year or upon 
modification. 

• For out-of-service units, before being brought back into service. 
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A System Safety Analysis must be performed by qualified personnel 
designated by the X-Ray Safety Officer and must consist of at least the 
following: 

• Identification of modifications to the safety systems made since the 
last analysis, if any, and approval of the changes. 

• Verification, update, or production of schematic diagrams of the 
safety systems. 

• Assessment of potential equipment failure modes and their possible 
consequences, with emphasis on the failure modes of interlocks and 
other safety devices. 

• Review of the detailed protocol for routine maintenance testing of 
safety devices. 

• Preparation of a written report of the findings of the analysis together 
with recommendations for action, if any. Copies must be given to the 
X-Ray Safety Officer, who will distribute them to the irradiator 
supervisor. 

RADIATION WORK AUTHORIZATION 

All irradiators must have an RW A issued by Radiation Assessment. The 
RW A must include the following information: 

• The System Supervisor's name, telephone number, mail stop, and 
division. 

• Any specific safety precautions. 

• References to the AHD, PUB-3000, and the RCM. 

• Emergency telephone numbers. 

• A list of authorized users. 

For more information on the RWA process, see Radiation Work 
Authorization and Permit Program, above. 

INTERLOCKS AND INDICATORS 

All irradiators must have fail-safe interlocks and indicators as specified 
in applicable standards. See the section on Accelerator Radiation 
Protection Interlock Systems for guidance. 
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POSTING 

Posting of warning signs and labels must be in accordance with current 
standards and with the recommendations of the X-Ray Safety Officer. 
"High-Radiation Area" signs are required. 

RECORDS 

All irradiators are controlled items, requiring complete property 
management accountability records. 

All irradiators must have a User's Logbook located near the machine 
and a Maintenance Logbook. The User's Logbook must be used to 
record the following information: 

• The user's name. 

• The experiment or procedure performed. 

• The number of exposures. 

• The techniques used. 

• The approximate time of use. 

• The date of use. 

• Any suspected abnormalities noted in machine operation. 

• The name of the responsible person to be notified of the above 
abnormality. 

• User radiation surveys. 

All notifications of suspected abnormalities must be answered in the 
Maintenance Logbook. All maintenance work is considered a use of that 
equipment and must be entered in the User's Logbook, giving a 
reference to the location of a more detailed entry in the Maintenance 
Logbook. ' 

The Maintenance Logbook is used to record the following information: 

• The maintenance person's name and employer (if other than LBL). 

• The reason for maintenance (may refer to the User's Log entry of the 
noted abnormality). 

• Specific problems noted during maintenance (need not be entered into 
the User's Log). 
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• Repairs performed. (If modification is performed, refer to the date of 
. written approval from the X-Ray Safety Officer.) 

• The time and date of maintenance operation . 

• The signature of the maintenance person (indicates a certification that 
the machine is in normal working order, including all interlocking 
and fail-safe devices, and that circuitry and construction is in strict 
accordance with original manufacture plus approved modifications). 

The User's Logbook and the Maintenance Logbook may be combined if 
deemed appropriate by the irradiator supervisor. This combined 
logbook must be located near the machine, as would a User's Logbook, 
and must contain all information required for both logbooks. 

All records of radiation exposure to users will be maintained by 
Radiation Assessment. 

PROPERTY MANAGEMENT 

All requisitions for irradiators must be reviewed by the X-Ray Safety 
Officer. Such equipment is a controlled item and may not be removed 
from inventory while still under Laboratory authority. 

DOSIMETRY 

All users of irradiators must properly and continuously wear 
appropriate personal radiation dosimeters supplied by the Radiation 
Assessment Dosimetry Office. Dosimetry will be specified by the RWA. 

In addition, self-reading dosimeters are required for anyone entering an 
irradiation chamber. 

RADIATION SAFETY SURVEYS 

All irradiators must have a radiation safety survey performed by the X
Ray Safety Officer or designee at least once a year for machines in active 
use and upon startup of machines that have been removed from service. 
Additionally, each irradiator must have an area monitoring device that 
continuously surveys the general environment. 

In addition, all irradiators must have a radiation safety survey 
performed: 

• Upon installation but before regular use. 
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• After a repair operation that could have caused a change in the 
condition of shielding or safety protection devices. 

• Upon request. 

The safety survey must be recorded in the User's Log. To supplement 
these major surveys, the irradiator supervisor or designee must spot 
check the irradiator at least every six months for radiation leakage. 

ROUTINE SAFETY MAINTENANCE 

The irradiator supervisor is responsible for ensuring that irradiator 
safety systems are checked at the intervals specified in the System Safety 
Analysis report. This interval is usually six months. A technician can be 
assigned by Radiation Assessment to perform this service, which will be 
charged to the program. Safety system testing must be in accordance 
with the Routine Testing Protocol established as part of the System 
Safety Analysis. 

The "Completion of Routine Maintenance" form and the Routine Testing 
Protocol checklist must be filled out and sent to the X-Ray Safety Officer. 
A notation of findings and action taken must also be included. 

MODIFICATIONS 

All modifications to any irradiator must be described in a System Safety 
Analysis and must have the prior approval of the X-Ray Safety Officer. 

USER TRAINING 

To become an authorized irradiator user, a person must complete EH&S 
430 and receive installation-specific training. The installation-specific 
training is done by an instructor named in the AHD. 

To ensure continued awareness of procedures for machine operation, 
users must be recertified whenever the safety aspects of the AHD are 
changed, when they have not used the machine for more than one year, 
and at the discretion of the irradiator supervisor or X-Ray Safety Officer. 
Recertification must be done at least every two years. 

INSTRUMENTATION 

A radiation dose-rate meter should be used to monitor radiation levels. 
A fixed monitor must be installed inside or at the entrance to the 
irradiation chamber that is connected to the interlock system. 
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SHIELDING 

All irradiators must be shielded according to the direction of the X-Ray 
Safety Officer, with reference to prescribed standards and within the 
prescribed practice of ALARA. 

NEW INSTALLATIONS 

New irradiators may not be operated without prior approval of the X
Ray Safety Officer and performance of a System Safety Analysis. An 
AHD and an RW A must also be in place. Therefore, it is strongly 
advised that this officer be consulted while the installation is still in the 
planning stage so that he or she can review requirements such as 
shielding, interlocks, and fail-safe devices. 

PROCEDURES 

• Suspected Radioactive Contamination to Personnel or an 
Area 

• Evacuate personnel to an intermediate and safe area. 

• Retain evacuees to avoid spreading contamination and for evaluation 
byEH&S. 

• Call 7911 for help. 

• Quarantine the suspected spill area. 

• Do not attempt decontamination of the equipment or work area. 

• Preserve the scene. 

• Suspected Radioactive Contamination to Personnel, or to an 
Area, and an Injury 

• Immediately call 7911. Report injury and possible radioactive 
contamination. 

• Apply first aid. 

• Weigh the risk of moving the victim against the risk of potential 
exposure. 

• Follow the evacuation procedures above. 
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• Skin Contamination 

• Call 7911 for help. 

• Do not try to decontaminate a wound; contain it by covering it. 

• Gently wash the skin with mild soap and water. 

• Do not use solvents or abrasive cleaners. 

• Do not redden or abrade the skin. 

• Reporting an Emergency 

• Call7911. 

• Stay calm; speak clearly. 

• Give your name and the location of the emergency. 

• State the nature of the emergency (radiation, chemical, personal 
injury). 

• Describe the severity. 

• Relay other potential hazards (exposures, flammables, high voltage). 

• Stay in the area until help arrives, if possible. 

• Responsibilities 

All employees: 

• Be familiar with your emergency plan. 

• Know your evacuation route. 

• To evacuate, use stairs, not the elevator. 

• Note the locations of emergency showers and eyewashes, fire pull 
boxes, and fire extinguishers. 

Supervisors: 

• Emergency shutdown procedures for hazardous operations must be 
posted in a safe and conspicuous location. 

• Post and maintain a current emergency call list. 

• Conduct pre-work reviews, including emergency responses. 

• Address emergency issues in planning and design processes. 

For further details see Chapter 9, Emergency Management. 
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INVESTIGATION 

All emergency incidents will be investigated by Radiation Assessment, 
and·a report relating to causes, prevention, actions taken, results of 
clean-up and testing, lessons learned, etc. will be prepared Incidents 
that must be reported pursuant to DOE Order 5000.3B, Occurrence 
Reporting, include spills, overexposures, personal clothing or skin 
contamination, contamination outside a Controlled Area, and violations 
of procedures resulting in safety risks. These incidents have reporting 
deadlines and must be categorized immediately. More serious 
occurrences will have a report prepared by an investigation committee. 
The committee will consist of line management and a qualified 
representative of Radiation Assessment. 

RADIATION WORKERS 

All radiation workers must: 

• Follow the safety requirements outlined in their RW A, RWP, or AHD. 

• Report unsafe conditions or abnormal radiological occurrences to their 
supervisor and to Radiation Assessment. 

• Ensure that their training qualifications are current and appropriate 
for the work activities and equipment that they use or may be 
expected to use in abnormal situations. 

• Consult their supervisor or Radiation Assessment whenever questions 
arise. 

• Maintain Laboratory Journals, logs, and Inventory Summaries with 
accurate and timely data entries that reflect current work practices. 

• Wear dosimetry properly and participate in the bioassay program as 
required by their RWA. Workers must be prompt in exchanging 
dosimeters and providing bioassay samples. 

• Monitor and minimize their own radiation exposure through good 
ALARA work practices. 

• Monitor for contamination at every reasonable opportunity and 
document surveys as required. 

• Minimize waste. Keep waste segregated, properly stored, 
characterized, and documented. See Chapter 20, Hazardous Waste 
Disposal, for additional guidelines. 

• Strive to find and implement new "good work practices" to minimize 
their dose, waste, and effluents. 

• Practice good housekeeping in the laboratory to minimize accidents 
and mishaps. 
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SUPERVISORS AND PRINCIPAL INVESTIGATORS 

Supervisors and Pis must: 

• Stop work when unsafe conditions exist. 

• Report unsafe conditions or abnormal radiological occurrences to 
Radiation Assessment. 

• Promptly request new or amended RWAs when radiological 
conditions or changes are first identified. 

• Ensure that RWA and RWP safety requirements and conditions are 
being met. 

• Ensure that Laboratory Journals, logs, and Inventory Summaries are 
being properly maintained and reflect current work practices. 

• Frequently monitor their employees' radiation doses and working 
environment in order to establish good ALARA work practices. 

• Ensure that laboratory safety equipment and instruments are 
adequate for the work being performed. 

• Schedule appropriate training and on-the-job training to keep worker 
qualifications current. 

• 10 CFR 835, Occupational Radiation Protection at Department of Energy 
Facilities 

• DOE Order 5000.3B, Occurrence Reporting and Processing of Operations 
Information 

• DOE N 5400.9, Sealed Radioactive Source Accountability 

• DOE Order 5480.11, Radiation Protection for Occupational Workers 

• DOE Order 5480.25, Safety of Accelerator Facilities 

• American National Standards Institute (ANSI) N43.2, Radiation Safety 
for X-Ray Diffraction and Fluorescence Analysis Equipment 

• American National Standards Institute (ANSI) N43.1 Radiological 
Safety in the Design and Operation of Particle Accelerators 

• NCRP Report No. 102, Medical X-Ray, Electron Beam and Gamma-Ray 
Protection for Energies Up to 50 MeV 

• NCRP Report No. 49, Structural Shielding Design and Evaluation for 
Medical Use of X -Ray and Gamma-Ray Energies up to 10 MeV 
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Potable Water Sanitation 

CHAPTER 22 

SANITATION 

The Industrial Hygiene Group periodically takes samples from the 

potable water system throughout the Laboratory and has them checked for 

biological contaminants. This is a check to ensure a high quality water 

supply for drinking purposes. 

The drinking water supply shall not contain impurities 1n concentra

tions which may be hazardous to the health of the employees or which would 

be offensive to the sense of sight,· taste, or smell. 

The drinking water supply system shall be installed according to the 

National Plumbing Code and shall be maintained in good condition. The 

drinking water system must be protected against backflow with approved 

connections and plumbing devices (see Appendix A). 

Chlorination of Domestic Water Lines 

New additions or alterations to existing domestic water lines shall 

be disinfected with chlorine solution and biologically tested prior to 

being put into service. Procedures shall be those spelled out in the 

American Water Works Association publication AWWA C-601, latest edition. 

Rodent, Insect, and Vermin Control 

Every enclosed work place and personal service room shall be con

structed, equipped, and maintained in such a manner as to prevent the 

entrance or harborage of rodents, insects, and vermin. The Laboratory 

has an open-ended contract with a private pest-control operator for the 

above. All questions should be directed to the Construction and Mainte

nance Department, EXT. 6011. 
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Food 

Food preparation, serving, and storage shall comply with the 

California Food Sanitation Act and California Restaurant Act, which are 

excerpts from the California Health and Safety Code. All readily perish-

able foods or beverages, capable of supporting rapid and progressive 

growth of micro-organisms, shall be stored below 7°C (45°F). 

Food that is served hot must be heated over 60°C (140°F) and kept 

that hot during the serving period to prevent growth of bacteria. Food 

served cold should be maintained below l0°C (50°F). 

All foods and beverages shall be prepared, stored, displayed, 

dispensed, placed, or served so they are protected from dust, flies, 

vermin, pollution by rodents, unnecessary handling, airborne droplets, 

infection, overhead leakage, or other contamination. Food that is trans- ~ 
I 

I 

I 

'~ 
I 

ported from a cafeteria where it has been prepared to another cafeteria 

shall be protected from contamination in transit. 

All suspected or alleged cases of food poisoning must be reported to 

the Medical Services Department for immediate investigation. 

Food must not be stored or eaten in areas where toxic materials are 

handled. 

Toilet Facilities 

Adequate toilets, washrooms, lockers, and other essential sanitary 

facilities shall be readily accessible for the employees near their work 

area. These facilities shall be maintained in a clean and sanitary con-

dition. Soap in a dispenser and apparatus for drying of hands shall be 

provided at each wash place. 
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I. INTENT 

This Standard is intended to safeguard LBL drinking water 
supplies by: 

PS-51 

A. Protecting potable water supplies against actual or potential 
cross-connections. 

B. Eliminating any existing cross-connection hazards between 
potable water systems and non-potable water systems. 

C. Preventing the making of cross-connections in the future. 

D. Requiring the exclusive use of potable water for drinking, 
personal, eyewash, safety shower, and culinary purposes. 

II. QUALITY CONTROL 

A. No piping shall be installed so that used, unclean, polluted, 
or contaminated substances can enter any portion of the 
potable water supplies by back siphonage, suction, back 
pressure, or any other cause. Protection shall be guaranteed 
during normal use and operation and when any tank, 
receptacle, equipment, or plumbing fixture is flooded, or 
subject to pressure in excess of the operating pressure in 
the water piping. 

B. Unless an approved air gap or backflow prevention device is 
provided, no plumbing fixture, device, or equipment shall be 
connected to any potable water supply when such connection 
may pollute water supplies or may provide a cross-connection 
with non-potable water. 

C. Appropriate corrective action shall be taken immediately 
where any cross-connection hazard exists and is not properly 
protected. 

I 

D. All water lines and outlets shall be appropriately marked to 
indicate whether the water is safe or unsafe for drinking. 

E. All backflow preventers shall be listed by the University of 
Southern California Foundation of Cross-Connection Control. 

F. All fire protection backflow preventers shall be listed by 
Factory Mutual and the University of Southern California 
Foundation of Cross-Connection Control. 

III. APPROVALS 

A. Before any device is installed for the prevention of backflow 
or back siphonage, removed from use, relocated or 
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substituted, or an existing potable water line extended, work 
shall be approved by the LBL Plant Engineering Department. 

B. All issues of this Standard shall first be reviewed and 
approved by the Environmental Health and Safety (EH&S) 
Department. 

C. Compliance with this Standard shall be monitored by the 
Env ironmenta 1 Health and Safety Department. 

IV. TESTING AND MAINTENANCE 

A. All devices installed in the potable water supply system for 
protection against backflow shall be tested annually and 
maintained in good working condition by designated 
maintenance personnel, in accordance with the procedures 
outlined in the latest edition of "Cross-Connection Manual" 
by the University of Southern California Foundation of 
Cross-Connection Control and Hydraulic Research. 

B. Defective or inoperative devices shall be repaired or 
replaced immediately. 

C. Records of such tests, repairs, and overhauling shall be 
retained by the Construction and Maintenance Department and 
made available to the Plant Engineering and EH&S Departments 
upon request. 

V. REVISIONS TO THIS STANDARD 

A. The Mechanical Engineering Section of the Plant Engineering 
Department shall be responsible for maintaining this 
Standard. The approved devices shall be reviewed 
periodically to ensure that all approvals are current, and to 
delete or add to the approved devices as deemed necessary. 

VI. GENERAL 

A. The EH&S and Plant Engineering Departments shall be kept 
informed of the identity of the LBL representative 
responsible for the water piping concerned with this Standard. 

B. In the event of contamination or pollution of the drinking 
water system due to a cross-connection, the EH&S and Plant 
Engineering Departments shall be promptly advised by the LBL 
representative responsible for the water system so that 
appropriate measures may be taken to overcome the 
contamination. 
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Atmospheric Vacuum Breaker (Also known as the non-pressure type vacuum 
breaker) 

A device containing a shut-off valve followed by a valve body 
containing a float-check, a check seat and an air inlet port. When 
the shut-off valve is open, the flow of water causes the float to 
close the air inlet port. When the shut-off valve is closed, the 
float falls and forms a check valve against back-siphonage and at 
the same time, opens the air inlet port. 

Back flow 

The undesirable reversal of the flow of water or mixtures of water 
and other liquids, gases or other substances into the distribution 
pipes of the potable supply of water from any source or sources. 

Backflow Preventer (approved) 

A device that has been listed by the University of Southern 
California Foundation for Cross-Connection Control and approved by 
LBL Plant Engineering for the prevention of backflow into potable 
water systems. 

Back Pressure 

A pressure increase in the downstream p1p1ng system (by pump, 
elevation of piping, or steam and/or air pressure) above the supply 
pressure at the point of consideration which allows reversal of the 
normal direction of flow through the backflow prevention assembly. 

Back Siphonage 

A form of backflow due to a reduction in system pressure which 
causes a reverse flow to exist in the water system. 

Contamination 

Any change in water quality which creates an actual hazard to the 
public health through poisoning or through the spread of disease by 
sewage, industrial fluids or waste. 

Cross-connection 

Any unprotected, actual, or potential connection or structural 
arrangement between a potable water system and any other source or 
system through which it is possible to introduce into any part of 
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the potable water system any used water, industrial fluid, gas, or 
substance other than the intended potable water with which the system 
is supplied. Bypass arrangements, jumper connections, removable 
sections, swivel or changeover devices and other temporary or perma
nent devices through which, or because of which, "backflow" can or 
may occur are considered to be cross-connections. 

Double Check 

An assembly composed of two single, independently acting, approved 
check valves, including tightly closing shut-off valves located at 
each end of the assembly and fitted with properly located test cocks. 

Industrial Water 

Non-potable water intended for industrial use. 

Non-Toxic Substances 

Any substance of a non-poisonous nature that may create a moderate 
or minor hazard to the potable water system. (Defined as a 
pollutant or pollutional hazard.) 

Potable Water 

Water from any source which has been investigated by the EH&S 
Department and which has been approved for human consumption. 

Pressure Vacuum Breaker 

A device containing one or two independently operating loaded check 
valve(s) and an independently operating loaded air inlet valve 
located on the discharge side of the check or checks. The device is 
to be equipped with properly located test cocks and tightly closing 
shut-off valves located at each end of the assembly. 

Reduced Pressure Principle Device 

A device containing two independently acting approved check valves 
together with a hydraulically operating, mechanically independent 
pressure relief valve located between the check valves and at the 
same time below the first check valve. The unit shall include 
properly located test cocks and tightly closing shut-off valves at 
each end of the assembly. 
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Toxic Substance 

Any substance (liquid, solid, or gaseous) including raw sewage and 
lethal substances which, when introduced into the water supply 
system, creates or may create a danger to the health and well being 
of the consumer. (Defined as a contaminant or health hazard.) 

22-A7 
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APPENDIX B 

REFERENCES 

A. American Water Works Association 

PS-51 

AWWA No. Ml4 Backflow Prevention and Cross-Connection Control 
AWWA C506-78 Backflow Prevention Devices - Reduced Pressure 

Principle and Double Check Valve Types 

B. State of California Administrative Codes 

Title 17 
Title 24 

Drinking Water Supplies 
Basic Plumbing Regulations 

C. Foundation for Cross-Connection Control and Hydraulic Research, 
University of Southern California 

Manual of Cross-Connection Control 
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APPENDIX C PS-51 

LBL POTABLE WATER CROSS-CONNECTION CONTROL STANDARD PS-51 

CROSS-CONNECTION 
.... 

CONTROL" 

DEVICE SELECTION CHART 

CONDITION DEVICE TYPE 1 
RPP DC PVB AVB 

BACK PRESSURE, 

Toxic X 

Non-Toxic X 

BACK-SIPHONAGE (Toxic or Non-toxic), 

with continuous flows 

less than 12 Hours 
with downstream valve. X 
without downstream valve. X 

more than 12 Hours 
with downstream valveo.. X 
without downstream valve. X 

*AN AIR-GAP IS THE ONLY ABSOLUTE MEANS OF ELIMINATING A PHYSICAL 
LINK OR CROSS-CONNECTION AND POSITIVELY PREVENTING BACKFLOW. 
AIR GAPS SHOULD BE USED WHEREVER PRACTICABLE AND WHERE USED MUST 
NOT BE BYPASSED. 

1. RPP-Reduced Pressure Principle Device 

DC -Double Check Assembly 

PVB-Pressure Vacuum Breaker 

AVB-Atmospheric Vacuum Breake~ 

See installation detail and typical applications on corresponding 
pages. 

22-A9 
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APPENDIX D PS-51 

AIR - GAP TYPICAL APPLICATIONS 

Flood Level Rim 

HOUSEHOLD FIXTURE AIR GAP 

PIPELINE AIR GAP 

WATER TANK AIR GAP 

AIR GAP SEPARATION 

An air gap is the only absolute means of eliminating a physical link 
or cross-connection, and positively preventing backflow. Air gaps 
should be used wherever practicable and where used must not be bypassed. 

The supply inlet to a tank or fixture must be terminated above the flood 
level rim of the tank or fixture by a distance equal to at least two times 
the effective opening of the supply inlet pipe.* There should be .no provi
sion for extending the supply pipe below the flood level rim. 

*Minimum 20 or 1", whichever 
is gr~ater. 

D=Nominal diameter of fill pipe 

22-AlO 
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APPENDIX E 

DEVICE TYPE: ATMOSPHERIC {NON-PRESSURE) VACUUM BREAKER (AVB) 

INSTALLATION 

1. Devices shall be: 
a. Accessible for maintenance, repair, and testing. 

PS-51 

b. Located outside any enclosure or hooded area containing toxic 
or poisonous fumes. 

c. Installed with the air inlet in the level position. 
d. Installed a minimum of six inches above the flood level rim 

of the fixture, tank, highest outlet, highest sprinkler, 
highest downstream piping, or similar device. 

e. Installed downstream of the last shut-off valve. 
f. The non-removable type when used with hose-bibs. 
g. Approved to operate at the temperature of the water being 

used (example: 160°F Hot Water). 

2. Devices shall not be: 
a. Installed in pits or similar potentially submerged locations. 

TYPICAL APPLICATIONS (See Selection Chart} 

1. Lawn sprinklers. 
2. Laboratory and janitors sinks. 
3. Low inlets to tanks, vats, sumps, and other receptors. 
4. Hose-bibs or outlets with hose attachment means. 
5. Aspirators. 
6. Water closet and urinal flushometer valves. 
7. Cooling towers. 

~ I I 

.~)~,;~~(• \·,r~riJl4!!~ rttfln. 
• 1 r · ! 

... i ' 

FI~W~··" 

T-~-j !: 

I 
6" Minim~m Above 

1 Highest Outlet . 
I • 

.. 
TYPICAL INSTALLATION 
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APPENDIX F 

DEVICE TYPE: PRESSURE VACUUM BREAKER (PVB) 

INSTALLATION 

1. Devices shall be: 
a. Accessible for maintenance, repair, and testing. 

PS-51 

b. Installed 12" above the floor level rim of the fixture, tank, 
highest outlet, highest sprinkler, highest downstream piping, 
or similar device. 

c. Installed with the air inlet in the level position. 
d. Approved to operate at the temperature of the water being 

used (example: 160°F Hot water). 

2. Devices shall not be: 
a. Installed in pits or similar potentially submerged locations. 
b. Installed where, if slight spillage should occur, it would be 

objectionable. 

TYPICAL APPLICATIONS (See Selection Chart) 

1. Lawn sprinklers. 
2. Cooling towers. 
3. Laboratories. 
4. Low inlets to tanks, vats, sumps, and other receptors. 
5. Floor drains with trap primers or flushing connections. 
6. Chlorinators on the suction side of the pump. 
7. Water cooled equipment. 
8. Industrial water systems. 

T 
12" Minimum Above 
the Highest Outlet · 

~_l 

TYPICAL INSTALLATION 
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APPENDIX G 

DEVICE TYPE: DOUBLE CHECK VALVE ASSEMBLY (DC) 

INSTALLATION 

l . Devices shall be: 
a. Accessible for maintenance, repair, and testing. 
b. Installed level in the horizontal position. 

PS-51 

c. Approved to operate at the temperature of the water being 
used (example: l60°F Hot Water). 

d. Installed at least 12" above the floor or grade. 

2. Devices shall not be: 
a. Installed in pits or similar potentially submerged locations. 

TYPICAL APPLICATIONS (See Selection Chart) 

l. Steam boilers. 
2. Closed heat water systems. 
3. Heat exchangers. 
4. Vending machines. 
5. Fire sprinkler systems. 
6. Chilled water systems. 

22-Al3 
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APPENDIX H 

DEVICE TYPE: REDUCED PRESSURE PRINCIPLE DEVICE (RPP) 

INSTALLATION 

1. Devices shall be: 
a. Accessible for maintenance, repair, and testing. 

PS-51 

b. Installed in an open area to prot.ect against flooding around 
the discharge from the differential relief valve assembly. 

c. Installed in the horizontal position. 
d. Be provided with funneled discharge piping and required air 

gap when installed indoors. 
e. Installed at least 12" above the floor or grade. 

2. Devices shall not be: 
a. Installed in pits or similar potentially submerged locations. 

TYPICAL APPLICATIONS (See Selection Chart) 

1. Laboratory building water service. 
2. Industrial building water service. 
3. Steam boilers. 
4. Closed heating water systems. 
5. Closed chilled water systems. 
6. Heat exchangers. 
7. Autoclave, sterilizer, and steam tables. 
8. Degreasing equipment. 
9. Hydraulic elevators. 

10. Etching tanks. 
11. Processing tanks. 
12. Fire sprinkler systems. 
13. Priming water to pumps moving toxic fluids. 
14. Lawn sprinklers. 

22-A14 
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APPENDIX I 

l POTABLE USES 

POTABLE WATER SYSTEM 

DISTRIBUTION 
SYSTEM 

USES 

DEVICES 
AT END USE 

S ~--INDUSTRIAL WATER 

~--POTABLE WATER 

P-51 

RPP DEVICE 

INDUSTRIAL WATER SYSTEM 

INDUSTRIAL USES 

~---APPROVED CROSS-CONNECTION CONTROL DEVICE 

~---END USE POINT 

POTABLE / INDUSTRIAL MODEL 

22-AlS 
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GLOSSARY 

Revised 8/94 

An active fault is a fault that has moved within the past 10,000 years. 
(This definition is mandated by statute in California.) 

AHD is an abbreviation for "activity hazard document." 

The Design Basis Earthquake is the maximum credible earthquake 
anticipated at the LBL site. 

A ductile material is one that exhibits considerable reserve strain energy 
beyond the yield point. 

0.7g represents 70% of the force of gravity. 

The ICBO is the International Council of Building Officials 

A nonductile material is one that does not exhibit considerable reserve 
strain energy beyond the yield point and that characteristically fails in a 
brittle manner. 

The parent division of a research program is the division sponsoring the 
program. 

The Project Engineer is the engineer in responsible charge of a project or 
experiment related to a program. 

A stationary object is any large detector, magnet, machine, work bench, 
cabinet, or piece of floor-mounted equipment. 
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Chapter 23 

SEISMIC SAFETY 

POLICY STATEMENT 

It is Laboratory policy to design and construct its physical plant and 
program facilities to prevent the loss of life and to minimize the risk of 
personal injury, program interruption, and property damage due to 
earthquakes. 

GENERAL POLICY 

The intent of these guidelines is to ensure that all Laboratory buildings, 
structures, program equipment, and heavy shielding are designed to 
resist a magnitude-7+ earthquake on the Hayward Fault or a magnitude-
8.3 earthquake on the San Andreas Fault without collapse. (The 
occurrence of some structural and nonstructural damage is anticipated 
and accepted.) 

Critical emergency facilities must be designed to remain functional 
during and after the design earthquakes specified above. 

Enclosures and systems containing radioactive or other hazardous, 
dispersible materials (e.g., toxic, flammable, or infectious substances) 
must be designed to ensure confinement during and after the design 
earthquake specified above and to ensure that the acceptable risk, 
established during the AHD determination by the division, is not 
exceeded. These enclosures must be inspected by EH&S before any use. 

All structural and nonstructural elements of normally unoccupied 
structures must be designed to prevent damage to building structures 
and enclosures containing radioactive or other hazardous, dispersible 
materials. 

All structural and nonstructural elements of normally occupied 
structures must be designed for life safety. 

PHYSICAL PLANT FACILITIES 

All buildings must be structurally designed by, or under the supervision 
of, a structural engineer registered in the state of California. 

23-1 SEISMIC SAFETY 
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POLICY (cont'd.) 

SEISMIC SAFETY 
Revision 1 

All building projects must be designed on the basis of geological and 
geotechnical investigations used to establish foundation design values 
and to assess hazards from fault movement (e.g., landslides and ground 
motion). No building may be constructed over an active fault, and the 
proposed location of a building relative to an active fault must be 
reviewed and approved by the Seismic Safety Subcommittee. 

Calculations, drawings, and specifications for buildings must be 
submitted to the Facilities Department for review before construction, 
and drawings must be signed and stamped with the registered 
engineer's seal. 

All submissions must contain the following: 

• A clear statement of the seismic design criteria used 

• A clear description of the lateral-force-resisting system used 

Structural design details must be emphasized to ensure a formal and 
complete lateral-force-resisting system that addresses soil-foundation 
interaction and ductile-inelastic behavior. 

In accordance with the University Seismic Safety Policy dated May 17, 
1988, all drawings and calculations for buildings must be formally peer 
reviewed by an independent, licensed structural engineer. 

PROGRAMMATIC FACILITIES 

Calculations, drawings, and specifications for programmatic equipment 
and structures must be approved by the Project Engineer. The Seismic 
Safety Subcommittee review process is described with the general 
design criteria for program facilities, below. The Seismic Safety 
Subcommittee may require that the program engage an outside 
consultant. Drawings and specifications for massive structures, such as 
concrete shielding and supports, that affect building elements must be 
reviewed by a licensed structural engineer. 

The Laboratory must provide continuous field inspections during 
construction and appropriate special inspections as defined by the 
Uniform Building Code (UBC). The Project Engineer will formally 
approve final acceptance of the completed project. 

23-2 Revised 8/94 



RESPONSIBILITIES 
FOR SEISMIC 
SAFETY 

Revised 8/94 

Health & Safety Manual, PUB-3000 

SEISMIC SAFETY SUBCOMMITTEE 

The Seismic Safety Subcommittee of the LBL Safety Review Committee 
is responsible for: 

• Establishing LBL seismic safety policy. 

• Being aware of state-of-the-art developments in the seismic response 
of structures and using this knowledge in the performance of its 
functions. 

• Reviewing the criteria and guidance for the design of structures and 
special LBL equipment involving state-of-the-art seismic design issues 
where appropriate code or institutional criteria may not apply directly 
or may not exist or where specified in this chapter. 

• Determining whether dynamic structural analyses using the LBL 
Design Basis Earthquake are required or whether structural analyses 
based on the Uniform Building Code are sufficient. 

• Conducting Seismic Design Review Meetings (see the Seismic Safety 
Subcommittee section in Chapter 1, General Policy and Procedures). 

The Subcommittee will provide a Design Basis Earthquake (with time
history and spectral-response data) when dynamic analyses are 
required. The current LBL Design Basis Earthquake to be applied is 
specified in Strong Seismic Ground Motion for Design Purposes at the 
Lawrence Berkeley Laboratory (LBL-32364). The Seismic Safety 
Subcommittee does not establish risk levels on high-value equipment 
but, when requested by a program division, will recommend criteria for 
a given level of risk. 

PHYSICAL PLANT FACILITIES 

The Facilities Department is responsible for ensuring the seismic safety 
of physical plant facilities at LBL, which are designed to comply with · 
existing building codes and regulations. 

PROGRAM EQUIPMENT AND SHIELDING 

The parent division of a program is responsible for the seismic safety of 
program equipment and shielding. The Seismic Safety Subcommittee 
provides guidance to program personnel by conducting Seismic Design 
Review Meetings for shielding structures and for special LBL equipment 
involving state-of-the-art seismic design problems. The Facilities 
Department may be consulted about the design of program equipment 
and shielding for seismic safety. 
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CONTAINMENT FOR RADIOACTIVE, INFECTIOUS, TOXIC, OR 
PYROPHORIC MATERIALS 

EH&S is responsible for the review of the containment facilities for 
radioactive, infectious, toxic, or pyrophoric dispersible materials. 

OPERATIONAL SEISMIC SAFETY 

Each division director is responsible for his or her division's 
implementation of LBL seismic safety policy. The Environmental 
Health and Safety Division (EH&S) performs routine operational seismic 
inspections to ensure that seismic safety programs are carried out. 

EARTHQUAKE SAFETY INSPECTION PROGRAM 

The Earthquake Safety Inspection Program is carried out periodically by 
the EH&S OSHA Inspection Team to ensure that industrial and research 
material, equipment, and hardware are restrained in place to avoid 
damaging motion resulting from seismic ground motion. 

GENERAL 

All structures and nonstructural elements of buildings at LBL must be 
designed and constructed to withstand all lateral forces (such as wind 
and seismic forces) in accordance with the 1991 edition of the UBC and 
with the DOE's General Design Criteria (DOE Order 6430.1A), unless 
noted otherwise. 

Seismic analysis of buildings and structures must conform with the static 
lateral force procedures described in UBC Section 2334, unless a 
dynamic lateral force analysis conforming to UBC Section 2335 is 
required by UBC Section 2333, by DOE Order 6430.1A, or by the 
Facilities Department Head, who is the LBL-designated Class A member 
representative of the International Conference of Building Officials 
(ICBO). 

In addition,' all buildings and nonstructural components must be 
designed in accordance with the Facilities Department's Design 
Management Procedures Manual (RD3.22). 

Parapets, interior or exterior ornamentation, and exhaust stacks that do 
not handle extremely toxic, radioactive, or pyrophoric materials are to be 
designed in accordance with UBC Section 2336. 
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BRACING AND ANCHORAGE FOR NONSTRUCTURAL 
ELEMENTS CONTAINING OR SUPPORTING TOXIC, 
INFECTIOUS, OR PYROPHORIC MATERIALS 

These requirements apply to the seismic restraint of nonstructural 
elements or equipment containing or supporting dispersible extremely 
toxic, infectious, or pyrophoric materials such as arsine, phosphine,.or 
bromine pentafluoride. The bracing and anchorage of these 
nonstructural elements located in the occupancies described in the UBC 
as Group H occupancies; Division 2, Pyrophoric; Division 6, 
Semiconductor Research Facilities; and Division 7, Toxic Material must 
conform to the design criteria given below for program facilities. 

GENERAL 

When moving into or rearranging work areas, each division is 
responsible for providing anchorage for seismic resistance of 
nonstructural building elements (such as research equipment and 
systems and related vents, plumbing, ducting1 electrical wiring and 
equipment, fixtures, furnishings, and material storage facilities). The 
seismic restraints must conform to the requirements of this chapter and 
to the Uniform Building Code (latest version). 

Practical Equipment Seismic Upgrade and Strengthening Guidelines (UCRL-
15815) provides practical guidelines for implementing an equipment 
seismic strengthening and upgrading program. 

Seismic protection must be provided to research equipment and 
shielding upon installation, and this protection must be maintained 
during major maintenance or reassembly. 

Seismic Safety Subcommittee Design Review Meetings are conducted by 
a review committee and are normally convened at the request of the 
responsible user of the equipment or experiment. The review committee 
must consist of a majority of the members of the Seismic Safety 
Subcommittee, including the following: 

• The Chairperson of the LBL Seismic Safety Subcommittee, to act as 
chair of the meeting 

• A structural engineer from the LBL Facilities Department 

• A member of EH&S with appropriate background 

• In complex cases, a non-LBL seismic engineering consultant 
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The project will be presented to the review committee by a professional 
member of the project's staff. 

The Seismic Safety Subcommittee determines when a dynamic structural 
analysis based on the Design Basis Earthquake is required and when an 
equivalent static structural analysis is sufficient. When the use of the 
Design Basis Earthquake is required, the natural frequencies of the 
assemblage, representing 90% of the response of the assemblage, must 
be computed. The maximum stresses must also be shown. The analysis 
procedure used must be approved by the Seismic Safety Subcommittee. 

The locations of heavy objects that are to be placed close to building 
structural members (columns, bracing, etc.) must be reviewed and 
approved by the Facilities Department. In certain instances, it may be 
undesirable to fasten heavy objects securely to a floor, because normal 
settlement may cause unacceptable warping or misalignment of 
sensitive elements. It is acceptable to supply the requisite restraint 
without initial hard contact by allowing a small movement before 
"motion stops" become effective. 

In other instances, when the floor under a heavy object cannot withstand 
the horizontal earthquake force, it may be desirable to decouple the 
heavy object from the floor and allow an acceptable, but limited, 
horizontal motion. The motion must be limited to a few inches and must 
not permit the heavy object to injure personnel or obstruct an escape 
route. In all cases, upset (toppling or overturning) must be prevented. 

Lateral restraint of stationary objects must be in accordance with the 
following general guidelines: 

• If personnel can be exposed to a life-threatening injury by being struck 
or trapped by the lateral movement or upset (toppling, overturning) 
of any object from a seismic disturbance, the movement or 
overturning of the object must be prevented, without reliance on 
friction, when the object is subjected to a horizontal acceleration of 
0.7g with 75% of the weight effective against overturning. If the object 
is provided with adjustments, it must resist 0.7g when the 
adjustments are in the most unfavorable positions. In this context, 
"stationary object" means an object such as a large detector, magnet, 
floor-mounted laboratory equipment, work bench, machine, surface 
plate, platform, or cabinet. Electronic racks and other portable 
equipment on wheels or casters must conform to the lateral restraint 
requirements of this section where they may pose a life safety hazard 
during a seismic disturbance. 
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• Where the maximum allowable stress and displacement in seismic 
restraining systems are not specified below, these criteria must be 
established by the Project Engineer and must be such that life
threatening lateral movement (relative to the support) or overturning 
will not occur during a horizontal acceleration of 0.7g. 

• For equipment or other objects mounted on resilient stands or on 
floors of resilient buildings, the dynamic load during an earthquake 
may, because of amplification, greatly exceed the maximum ground 
acceleration. The Project Engineer must ensure that such stands have 
sufficient strength and ductility to withstand dynamic loads. Spectral 
analyses, using the LBL Design Basis Earthquake (Ref. 23-1), must be 
used to determine the seismic horizontal acceleration. 

RESTRAINT OF SYSTEMS CONTAINING HIGHLY TOXIC, 
INFECTIOUS, OR PYROPHORIC MATERIALS 

Design Requirements 

These requirements apply to the seismic restraint of systems containing 
highly toxic, infectious, or pyrophoric materials such as arsine, ,., 
phosphine, or bromine pentafluoride. They also apply to the anchorages 
of stacks and ductwork handling highly toxic or infectious materials. 
Stacks and ductwork handling pyrophorics are exempt from these . . ·• 
requirements provided a seismic sensor is installed that will stop gas 1 1 
flow at the gas bottle in the event of an earthquake. . ·. , 

The bracing and anchorage of program research equipment located in 
the occupancies described in the UBC as Group H occupancies; Division 
2, Pyrophoric; Division 6, Semiconductor Research Facilities; and 
Division 7, Toxic Material must be designed and fastened to resist a 
lateral force of 2.0g or the force determined by spectral analysis based on 
the floor or surface on which the equipment is mounted. These seismic 
restraints must also comply with the allowable design stresses in the 
UBC and with the ICBO-recommended working loads for proprietary 
anchor bolts or expansion anchors using the lateral force defined in this 
paragraph or in Tentative Provisions for the Development of Seismic 
Regulations for Buildings (ATC 3-06), Chapter 8.3.2. 

SEISMIC DESIGN CRITERIA FOR CONCRETE SHIELDING 

General 

The following requirements and guidelines apply to all LBL concrete
shielding blockhouses, particle-beam shielding, and other structures 
consisting of large blocks. In view of the developing nature of seismic 
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design philosophy, each concrete-shielding structure to be constructed, 
modified, or relocated must be reviewed in a Seismic Safety 
Subcommittee Design Review Meeting. 

Whenever dispersible residual radiation (for example, the material used 
in a radioactive chemistry experiment) must be contained, more 
stringent safeguards are necessary, and EH&S must be consulted 
regarding the appropriate requirements. 

All shielding structures must be designed to resist static lateral loads 
applied to the center of gravity from any horizontal direction. Shielding 
structures must be designed to resist the horizontal acceleration 
specified below. The intended system of restraint must be described in 
an Engineering Note containing the supporting calculations. 

Elements of a shielding structure must be prevented from moving in any 
lateral direction with respect to one another by a positive physical 
interference, such as integral keys, metal plates with end stops, or their 
equivalent. This requirement does not include the shielding-to-floor 
interface. Chapter 11 of The Seismic Safety Guide discusses the design of 
concrete-shielding-block structures in detail. 

The capacity of the floor to carry lateral loads must be determined. 
When the floor under a structure cannot withstand the horizontal 
earthquake force, it may be desirable to decouple the structure from the 
floor and allow an acceptable, but limited, horizontal motion. This 
decision must be made by the Project Manager and the Seismic Safety 
Subcommittee. In all cases, upset of the structure must be prevented. 
Engineering studies and shake-table tests can be conduced, if necessary, 
to determine optimal methods of absorbing the lateral load energy of 
concrete-shielding structures. 

When limited horizontal motion of the structure with respect to the floor 
is permitted during a seismic disturbance, the structure construction 
must ensure that escape routes for personnel remain open. 

Moment arms for resistance of concrete blocks against upset may be 
calculated with the guidelines shown in Fig. 23.1. 
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resilient material 

Fig. 23.1. Calculation of moment arms for the resistance of concrete blocks against upset. 

The structural integrity of buildings and the continuity of plant services 
are Facilities Department responsibilities. If shielding is in contact with 
building elements or is so close that contact is lik~ly during a seismic 
disturbance, or if shielding is supported, restrained, or braced from the 
building structure, then the Facilities Department must participate in 
and approve the design for the lateral restraint of the shielding. 
Buildings and shielding can be expected to have different motions in 
response to a seismic disturbance, and they should be made structurally 
independent whenever possible. 

The best seismic defense for shielding is to unify an assemblage of blocks 
into a single integral structure by using keys, strap plates, tie rods, 
chains, etc. 

Design Requirements 

The shielding structure and components in the seismic restraining 
system must comply with the following design requirements. 

When sliding can occur, friction forces between unsecured structures 
must not be used in these seismic calculations. 
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Nonductile Shielding Structures. Structures constructed of 
components or materials that fail in a brittle manner [i.e., are susceptible 
to sudden failure resulting from elastic (nonlinear) behavior] and that do 
not exhibit ample reserve strain-energy capacity are considered 
nonductile structures. One example is a structure made of nonductile 
reinforced concrete blocks held together with ductile metal attachments 
that are not configured, or do not have enough mass, to safely absorb the 
seismic strain energy in the structure. For nonductile structures and 
bracing systems, the design must be based on the following: 

• The base shear must not be less than 0.7g. 

• The dead load assumed for calculation of the resisting moment about 
the center of gravity must not exceed 0.65% of the weight. 

• The maximum allowable stress in ductile structural elements must not 
exceed 

- 75% of the ultimate compressive strength, or the stresses permitted 
by the UBC, for concrete in bearing or compression. Requirements 
for reinforced concrete in shear, torsion, or flexure are given in 
Building Code Requirements for Reinforced Concrete. 

- 50% of the ultimate strength for welds. 

- 75% of the manufacturer's recommended ultimate load values, 
which have been established by testing, for proprietary anchor 
bolts or expansion anchors that depend on the concrete for their 
ultimate load capacities. 

- 75% of the ultimate strength for other structural elements. 

Ductile Shielding Structures. Structures and their attachments and 
bracing constructed of materials that exhibit ductile inelastic (nonlinear) 
behavior at stresses beyond their yield points and that have ample 
reserve strain-energy capacity beyond their yield points are considered 
ductile structures. An example is a structure and its attachments made of 
structural steel having a configuration and mass of ductile metal 
sufficient to safely absorb the seismic strain energy in the structure. The 
designer should be aware that a ductile material can be configured in 
such a way as to result in a nonductile structure or attachment and 
should seek guidance from the Subcommittee early in the design 
process. For ductile bracing systems, the design must be based on the 
following: 

• The base shear must not be less than O.Sg. 
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• The dead load assumed for calculating the resisting moment about the 
center of gravity must not exceed 75% of the weight. 

• The maximum allowable stress in ductile structural elements must not 
exceed the elements' yield strengths at 0.5g. 

SEISMIC DESIGN CRITERIA FOR RADIOACTIVE 
CONTAINMENT FACILITIES 

Scope 

Radioisotope control policies at LBL have been developed to protect 
both the personnel and the environment at this site from unwarranted 
exposure to radioisotope hazards. 

It is imperative that seismic design criteria be incorporated into normal 
radioisotope control policies to ensure complete protection of life and 
the environment. 

Seismic design criteria for "critical" areas of containment must follow 
the guidelines set forth in the DOE's General Design Criteria (DOE Order 
6430.1A). 

Design Requirements 

In Category 1 and 2 facilities, as defined in UCRL 15910, all critical items 
or equipment associated with critical areas of radioactive containment 
and special-hazards assemblies must be designed to withstand lateral 
forces in accordance with the foregoing requirements for concrete 
shielding. In Category 3 and 4 facilities, all critical items or equipment 
associated with critical areas of radioactive containment and special
hazards assemblies must be designed to the requirements in UCRL 
15910. EH&S is responsible for determining the appropriate category of 
a facility. 

Ground spectra guidelines, based upon a magnitude-7+ earthquake on 
the Hayward Fault, indicate a peak acceleration of about 0.7g at 
frequencies less than 10 Hz. Seismic design must be reviewed and 
approved by the Seismic Safety Subcommittee and EH&S. 

The seismic stability of each irradiator unit, shielded radioisotope 
shipping container, or cask must be evaluated. 
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SCOPE 

Earthquake safety measures have been developed at LBL to protect 
personnel in the event of a seismic disturbance. Sufficient protection is 
required to allow time for personnel to exit an endangered area without 
injury. All equipment, hardware, and objects inside and outside 
buildings must be adequately restrained or anchored to ensure that they 
do not block escape routes during seismic ground motion. The 
anchoring system must be analyzed to ensure that the primary support 
(floor, wall, etc.) is strong enough to support the restrained hardware 
and equipment during seismic motion. 

IMPLEMENTATION AND FOLLOW-UP 

The earthquake safety inspection program is carried out by the EH&S 
OSHA Inspection Team periodically as part of the overall yearly OSHA 
safety inspection program. 

A report of OSHA deficiencies, including seismic deficiencies, is made.· 
after a formaLinspection and is given to the division.director of the 
inspected facility. A copy is sent to the Building Manager. The 
Maintenance and Operations Group of the Facilities Department or the 
sheet metal shop normally will perform the work of anchoring or 
restraining ordinary items such as shelves, bookcases, file cabinets, etc. 
The Architectural/Engineering Group of the Facilities Department is 
responsible for the design and construction of seismic restraints or 
anchors for any large-mass or special item that has a significant effect on 
the floor loading or on the building's structure. The responsible user 
must ensure that any seismic deficiencies are corrected. 

NONSTRUCTURAL EARTHQUAKE SAFETY MEASURES 

Some earthquake hazards that have been observed in buildings are 
listed below with recommended corrective measures: 

• Bookcases three feet or more in height. Remove, shorten, or fasten 
these to walls or to the floor. 

• File cabinets three feet or more in height. Remove or fasten these to 
walls or to the floor. 

• Storage shelves and bins. Strap separate units together and fasten 
them to the wall at the top and to the wall or floor at the bottom. 

• Install 3 I 4-inch lips or 1 0-mm heavy-duty bll;Ilgee or equal elastic 
shock cord on book shelves four feet or more in height in situations 
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where shelf contents could cause injury or block egress. The cord 
should be installed to be 50-60% longer than its length when 
unstretched. Make sure end hooks are fastened securely. 

• Electronics racks. Fasten these to the floor or to walls. 

• Electronics racks, tool cases, test equipment, etc. mounted on casters. 
At least two casters must have locking wheels. Chain or otherwise 
restrain all heavy mobile equipment when not in use. (This is not 
always practical-use good judgment.) 

• Em~rgency battery or power-switching systems. Battery cells must be 
cushioned and restrained ~ithin their mounting racks. 

• All gas-fired appliances, such as water heaters, space heaters, and 
furnaces, must be anchored to withstand a force of 0.7g applied 
laterally at the center of gravity. The appliances must be connected 
with a short (3-ft maximum), flexible gas line from the local supply 
valve to the appliance. This requirement applies to all new 
construction, and this change must be made to existing facilities when 
they are renovated or modified. 

• Paper storage and other heavy items on shelves. Store heavy 
materials on the floor. When heavy items are stored on shelves or on 
top of bookcases or file cabinets, the storage surface must not exceed 3 
feet in height. 

• Glassware, chemical reagents, and other hazardous laboratory 
equipment. Store these in wall cabinets with secure door latches or in 
base cabinets. The method of attaching cabinets to walls must be 
approved by EH&S. Lips must be attached to the outside edges of 
shelves to prevent hazardous chemicals from sliding off. For general 
use, make lips of 1/8-inch-thick Plexiglas or equivalent material, 3 
inches high. 

• Secure personal computers and other expensive desktop equipment 
with Quakegrip, a Velcro product in stock at the LBL storeroom. 

• Lead bricks. Store loose lead bricks on the floor or on pallets in a 
reasonably distributed manner. The smallest base dimension should 
be at least one half the stack height. Bricks stacked or built into 
shielding walls must have containing frames securely anchored to 
prevent sliding and overturning. 

• Heavy materials or equipment hanging on walls or stored on shelves 
or in bins. Such materials or equipment must be fastened to their 
supports. Fasten shelves and bins to prevent sliding and overturning. 
Store heavy items near floor level. Bins stored outside and near 
sloped areas should be placed away from the edge to minimize 
sliding and overturning. 
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• Trailers and temporary buildings. Anchors and supports must be 
used to resist vertical and ~ateral (wind or earthquake) forces. The 
Facilities Department is responsible for the design and installation of 
these anchors and supports. 

\_ 

• Emergency escape routes must be kept open, and measures must be 
taken to prevent blockage during an earthquake. 

The above examples of hazards and solutions are general. Each situation 
merits special consideration to arrive at a practical and economic 
solution. Proper anchorage is the key to earthquake safety. 

The EH&S Division and Facilities Departments are available to advise, 
make recommendations, and assist in arriving at solutions or in the 
preparation of job orders when required. 

• DOE Order 6430.1A, General Design Criteria, Division 1, General 
Requirements 

• Building Code Requirements for Reinforced Concrete, ACI 318-(Latest 
Version), American Concrete Institute, Detroit, Michigan 

• Guidelines for Seismic Restraints of Mechanical Systems and Plumbing 
Piping Systems, the Sheet Metal and Air Conditioning Contractors' 
National Association (SMACNA) and the Plumbing and Piping 
Industry Council Inc. (PPIC), October 1982 

• Uniform Building Code, International Conference of Building Officials 
(latest version) 

• Angliss, F.T., "Lateral Force (Wind and Earthquake) Design Criteria," 
in Design Management Procedures Manual, RD3.22, July 1992 

• Angliss, F.T., Hernandez, P., and McClure, F.E., Derivation of Seismic 
Lateral Force Coefficient, Engineering Note M6947, February 1990 

• Design and Evaluation of DOE Facilities Subjected to Natural Hazard 
Phenomena, UCRL-15910, U.S. Department of Energy, June 1990 

• Newmark, N.M., "Response of Simple Structures to Earthquake 
Motions," Section 16.Z, in Earthquake Engineering, Robert L. Weigel, 
Ed., Prentice-Hall, 1970 

• Practical Equipment Seismic Upgrade and Strengthening Guidelines, 
UCRL-15815, Lawrence Livermore National Laboratory, September 
1986 

23·14 Revised 8/94 



REFERENCES (cont'i) 

Revised 8/94 

Health & Safety Manual, PUB-3000 

• Seismic Safety Guide, LBL-9143, Lawrence Berkeley Laboratory, 
September 1983 

• Sliding Response of Rigid Bodies to Earthquake Motion, LBL-3868, UC-11, 
Lawrence Berkeley Laboratory, September 1975 

• Strong Seismic Ground Motion for Design Purposes at the Lawrence 
Berkeley Laboratory, LBL-32364, Lawrence Berkeley Laboratory, June 
1992 

• Suspended Ceiling System Survey and Seismic Bracing Recommendations 
for Lawrence Livermore National Laboratory, UCRL-15714, Lawrence 
Livermore National Laboratory, August 1985 

• Tentative Provisions for the Development of Seismic Regulations for 
Buildings, ATC 3-06, Applied Technology Council, Palo Alto, CA, 
April1984 
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Chapter 24 

ENVIRONMENT, HEALTH & SAFETY 
TRAINING 

It is LBL policy, and the federal law requires, that all staff, participating 
guests, visitors, and others who perform work at, or for, LBL receive 
appropriate training necessary to protect their health and perform work 
in a safe and environmentally sound manner. This training must include 
information regarding job hazards, possible health effects, and required 
work practices and procedures. The EH&S Training Program has been 
designed to meet the requirements of the Department of Energy and all 
other federal, state, and local regulatory agencies. 

The objectives of the EH&S Training Program are: 

• To identify all required and recommended environment, health, and 
safety training. 

• To provide mechanisms to ensure that such training is completed. 

• To document all EH&S training. 

• To make training-related records and reports available to line 
management and regulatory agencies. 

• To provide a mechanism to ensure continuous improvement of the 
EH&S Training Program. 

The EH&S Training Program is the joint responsibility of the EH&S 
Division and line management. Line management provides job-specific 
training and ensures that training requirements are met. The EH&S 
Division provides training courses to meet regulatory requirements. 
Maintenance of the Lab-wide training data base system is shared by the 
EH&S Division, Information Systems and Services, and all other 
organizations that provide training. EH&S training requirements should 
be included as part of each employee's training and development plan. 

The EH&S Training Unit publicizes the EH&S Training Program by 
distributing the quarterly publication Environment, Health and Safety 
Education Course Information, which describes courses scheduled for the 
following three months. The quarterly course announcement is also 
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ORGANIZATION 
(cont'tl.) 

REQUIREMENTS 

available electronically, for Macintosh users, on the EH&S server. In 
addition, on the last Friday of each month, Currents publishes a calendar 
of EH&S courses for the following month. 

Completion of the required EH&S training courses ensures that all LBL 
personnel know the hazards associated with their jobs, understand the 
possible health and safety effects of exposure to those hazards, and 
know how to perform operations safely and in accordance with all 
environmental protection requirements. 

Training requirements originate in DOE Orders, DOE regulations 
(lOCFR), OSHA regulations (29CFR), EPA regulations (40CFR), 
Department of Transportation regulations (49CFR), the California Code 
of Regulations (Titles 8 and 22), LBL's Operating and Assurance 
Program, and LBL policies covering specific hazards. 

Within six months after starting work at LBL, personnel must complete 
all required EH&S training courses associated with their job unless 
specified elsewhere in other policies. Until such training has been 
completed, the employee, participating guest, or visitor is allowed to 
work only under the direct supervision of an employee who has 
completed such training. A list of EH&S training courses and their 
course codes is contained in Appendix A. Some training requires a 
medical examination and approval before certification is issued. 
Examples of training courses that require a medical examination are 
Crane/Hoist Operator Training and Half- and Full-Face Mask Respirator 
Training. Contact EH&S Training for more information on training 
requirements. 

NEW EMPLOYEES AND PARTICIPATING VISITORS 

All new employees and participating visitors must receive basic EH&S 
information on their first day of work by watching the video entitled 
Hazards Alert! and by reading one of the following booklets: Health and 
Safety Handbook, Health and Safety Handbook for Subcontractors and Visitors, 
or Health and Safety for Visitors and Guests. All new employees must then 
attend the course Introduction to EH&S at LBL within the first month after 
starting work at LBL. All participating visitors working at LBL for more 
than one month must also attend. This course provides general safety 
orientation and training, including Introduction to EH&S at LBL (EHS-10), 
Hazard Communication for Employees (EHS-392), and General Employee 
Radiation Training (EHS-405). 
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Additional training and certification are required for work involving 
special hazards. These training courses are identified for each individual 
by completing the Job Hazards Questionnaire (Appendix B). Supervisors 
must then follow their division's procedures for ensuring that data from 
the Job Hazards Questionnaire are entered into the Lab-wide training 
data base, the System for Training Assessment and Records (STAR). 
New employees and participating visitors who will be at LBL for more 
than three months must complete the Job Hazards Questionnaire within 
the first month of employment. The STAR database then will generate an 
individualized Training Profile identifying required and recommended 
training and retraining courses. For more information on specific EH&S 
training, please refer to the associated chapters in this manual, such as 
Lasers, Lockout(Tagout, Radiation Protection, or Industrial Hygiene. In 
addition, other training requirements may be addressed in Function, 
Project, and Facility Notebooks. 

RETRAINING AND RECERTIFICATION 

Regulations and policy may require periodic retraining and 
recertification. Examples are the forklift and crane training programs, 
which require recertification every three years; the laser safety training 
program, which also requires retraining every three years; and the 
radiation worker training program, which requires recertification every 
two years. The individual's Training Profile will indicate when 
retraining is due, and if it is overdue. 

COMPLETION OF TRAINING 

Personnel must attend the entire training course and pass any 
examinations to receive credit. In some cases, such as the radiation 
worker training course, it is possible to take a written and/or practical 
examination in lieu of course attendance and receive course credit by 
passing the examination. Consult with course instructors or EH&S 
Training about this option. 

In the event that a trainee fails a written or practical examination, the 
instructor should provide remedial instruction and the trainee must 
repeat the examination. If the trainee fails the examination on the second 
attempt, the trainee is then required to repeat the entire course. 

EH&S TRAINING FOR PERSONNEL AT OFF-SITE LOCATIONS 

All LBL employees working at off-site locations, including UC Berkeley
controlled spaces (i.e., Appendix J spaces), are required to conform to 
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REQUIREMENTS 
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LBL' s EH&S training requirements. These requirements are identified by 
completing the Job Hazards Questionnaire. In some cases, facility- or 
procedure-based safety training specific to the location will fulfill an LBL 
training requirement. For example, training connected with hazardous 
waste handling or confined space entry, which covers specific 
procedures for an off-site facility, may be provided by the institution 
controlling the work space. Similarly, radiation safety training 
requirements may be site specific, depending on whether the facility is 
DOE- or University-controlled. Such courses may be substituted for the 
corresponding LBL course at the discretion of the EH&S Training Unit. 
Written approval of such substitutions will be sent to the requesting 
manager. Contact the EH&S Training Manager for more information. 

WAIVERS FOR EH&S TRAINING REQUIREMENTS 

Under special circumstances, a waiver may be granted to a person who 
is normally required to complete a training course indicated on a 
Training Profile. For example, outside users of the ALS have their own 
orientation program and, therefore, are exempt from the requirement for 
Introduction to Environment, Health and Safety at LBL. Requests for 
waivers must be made in writing to the EH&S Training Manager. 
Requests will be examined on a case-by-case basis. Responses will be 
made in writing and should be attached to the Training Profile to 
document the waiver. Documentation must be kept by the division in 
their files to show that a waiver has been granted. 

JOB-SPECIFIC TRAINING 

EH&S training courses often must be supplemented with additional 
training that is specific to operations, tasks, and facilities. This job
specific EH&S training is the responsibility of line management and can 
include on-the-job training (OJT), formal mentoring, hazard-specific 
training, or training given off-site by another facility or organization. 

OJT is formal training conducted and evaluated in the work 
environment. It is designed to teach the employee how to perform a task 
or operation and is often used to supplement general EH&S training. For 
example, once the employee has completed Training for Hazardous Waste 
Generators (EHS-601), the supervisor should then train the employee 
about the location of the local Satellite Accumulation Area and the 
procedures for handling hazardous waste in his/her laboratory or shop. 
Training in specific procedures should always be given on the job. 

Hazard-specific training explains the specific health and safety hazards 
of an operation and must include information on health effects, risks, 
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and proper means of protection. For example, the supervisor must 
provide training regarding the safe handling of specific chemicals in 
connection with the operations that the employee performs. Off-site 
training is often necessary to maintain competence in a specialized field 
and may be included as part of an employee's training and development 
plan. 

It is highly recommended that job-specific training be planned, 
delivered, and documented in a manner similar to that of all other EH&S 
training. Written documentation that describes the training and the 
means to evaluate successful completion should be kept by the line 
organization that develops and provides the training. All completed job
specific training, including OJT, hazard-specific, and off-site training, 
should be documented in LBL's STAR database or in the appropriate 
Facility, Project, or Function Notebook(s). Such record keeping is a 
division responsibility. 

The requirements for completing job-specific training may be included 
in the Job Hazards Questionnaire, in a section containing division
specific questions. The Job Hazards Questionnaire provides an excellent 
tool for recording job-specific training requirements. If these training 
requirements are not included in the Job Hazards Questionnaire, then 
line management must develop other methods to identify personnel 
needing the training. 

Job-specific training should be performance-based, with training 
developed to match the expected outcomes. The following development 
process, if followed, will ensure a successful outcome. 

Needs analysis: This first step is an analysis of the job, task, or hazard 
for or about which training is required. 

Design: The next step is to identify the objectives, often called learning 
objectives or performance objectives. The objectives describe what the 
trainees will be able to do after training is completed; they must be 
included in the written documentation. The objectives are used to 
develop evaluation methodologies that measure training results. For 
example, with OJT, an evaluation standard or method is designed that 
specifies the elements, criteria, and conditions required for adequate task 
performance. This may be a checklist that describes each step or aspect 
of an operation that a trainee must successfully demonstrate. Successful 
completion will be indicated by demonstration, simulation, or discussion 
of the task, which constitutes an oral examination. 
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Development: The/ next step is to develop the training delivery methods. 
These may include demonstration, simulation, lecture, case studies, or 
workbooks. Prerequisite knowledge and skills required to begin training 
should be identified, together with any required retraining cycle. 

Implementation: The training, testing (or other performance-based 
evaluation), and record keeping is performed by line management. 

Evaluation: This is an ongoing continuous improvement effort to 
determine the effectiveness of the training and to identify program 
changes that may be required. 

Educational materials, such as videos, pamphlets, and fact sheets on 
specific hazards, as well as technical assistance, are available from the 
EH&S Training Unit to help line management design and deliver job
specific training. 

SYSTEM FOR TRAINING ASSESSMENT AND RECORDS 

All EH&S training must be documented in LBL' s STAR database system. 
Data concerning courses include: course name, course code, instructor 
name(s), length of the course, retraining or recertification cycle, and class 
date. Data on students include: the participant's name, employee , 
number, and examinations successfully passed. If the student fails to 
pass an examination, the student does not receive credit for the course 
until the examination is passed. 

Training records are available at any time from the EH&S Training Unit. 
Different types of training reports are available on the STARmenu. 
Users with a CSA account may access STAR and generate training 
reports by using the Toolkit in FOCUS. Documentation regarding STAR 
is available from the Information Systems and Services Department 
(ISS). 

JOB HAZARDS QUESTIONNAIRE 

All personnel, including managers, staff, and participating visitors 
working at LBL for more than three months, are required to complete 
the Job Hazards Questionnaire (JHQ). New personnel must complete the 
JHQ within the first month after starting work at LBL. It is 
recommended that personnel on-site for less than three months also 
complete the JHQ. A copy of the JHQ is included as Appendix B. 
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The JHQ is a tool to help managers and supervisors identify which 
EH&S training courses their employees must take. The answers on the 
questionnaire lead to the required and recommended courses. Such 
tracking of training requirements is the responsibility of line 
management. Each employee's JHQ must be updated and reviewed 
annually. The questionnaire will be updated periodically to include new 
requirements and recommendations. It is also recommended that the 
JHQ be reviewed by the supervisor for changes in training requirements 
whenever an employee changes job position, responsibilities or 
operations. 

The divisions may use the JHQ to help personnel identify required or 
recommended job-specific training courses developed by line 
management. To facilitate this, a set of division-specific questions can be 
added. Contact the EH&S Training Unit for assistance in developing job
or division-specific training questions. 

The employee or his/her supervisor may complete the employee'sJHQ. 
However, both the employee and the supervisor must review, sign:, and 
date the completed document. For those employees who are matrixed to 
other divisions, the matrix supervisor must also review, sign, and date 
the questionnaire. The questionnaire must be completed within the first 
month of employment. Data from completed questionnaires must then 
be entered into the STAR database by the division. 

Once the data have been entered, the Training Profile can be generated. 
The Training Profile shows which courses are required and which are 
recommended. If a course has been taken, the Training Profile shows 
when it was completed and when retraining or recertification is 
necessary. The Training Profile is a tool to enable line management to 
track completion of EH&S training requirements. The Training Profile is 
available as a report choice in the STAR database. 

Completed and signed JHQs must be maintained in the division's files. 
The location of the resulting Training Profiles should be referenced in 
the appropriate Facility, Project, or Function Notebook(s). Documenta
tion concerning the use of the JHQ is available from the EH&S Training 
Unit or from ISS. 

The EH&S Division has developed procedures for approving and 
evaluating EH&S training courses, as well as a policy on instructor 
qualifications. These documents are kept in the EH&S Division Function 
Notebook. Contact the EH&S Training Manager for copies or for further 
information. 

24-7 ENVIRONMENT, HEALTH & SAFETY TRAINING 
Revision 1 



Health & Safety Manual, PUB-3000 

RESPONSIBLE 
PARTIES 

The EH&S Training Program is the shared responsibility of the EH&S 
Division and the line management organization of LBL. Individuals and 
groups must implement the following aspects of the EH&S Training 
Program: 

EMPLOYEES/PARTICIPATING VISITORS 

• Attend Introduction to Environment, Health and Safety at LBL, which is 
the new employee health and safety orientation, within the first 
month after starting work at LBL. 

• Complete all required EH&S training courses within the first six 
months after beginning work at LBL, unless specified differently in 
other policies. 

• Are allowed to work only under the direct supervision of trained 
personnel until such training requirements are completed. 

SUPERVISORS 

• Complete, or have the employee complete, the Job Hazards 
Questionnaire to identify EH&S trai.rl.ing requirements and 
recommendations. Review and update each employee's JHQ 
annually. 

• Identify EH&S training requirements and other training needs specific 
to the job responsibilities, operations, and hazards to which their 
personnel may be exposed. 

• Ensure that all personnel under their supervision attend the required 
training courses. 

• Provide job- and hazard-specific orientation and training for new 
personnel, and for all personnel whenever procedural changes or 
system modifications have an impact on safety. Maintain written 
documentation ofall such training. 

• Include EH&S training requirements in annual employee training 
plans and performance expectations and assess completion in annual 
performance and progress reviews. 

MATRIX SUPERVISORS 

• Identify EH&S training requirements and other training needs specific 
to the job responsibilities, operations, and hazards to which their 
personnel may be exposed. 

• Review and sign completed Job Hazards Questionnaires. Review and 
update each employee's JHQ annually. 

ENVIRONMENT, HEALTH & SAFETY TRAINING 
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DIVISION MANAGEMENT 

• Identify any division-specific training requirements and provide such 
training. 

• Enter training requirements data from the Job Hazards Questionnaire 
in the STAR database. Maintain signed JHQs in division files. 

• Maintain records for job-specific and hazard-specific training and 
orientation in the STAR database. 

• Provide staff time to attend required EH&S training. 

• Assess supervisors' oversight of EH&S training completion in their 
annual performance and progress review. 

EH&S TRAINING UNIT 

• Oversee the EH&S Training Program, including design, 
implementation, and evaluation of the program. 

• Provide general EH&S training courses, in conjunction with EH&S 
departments and other divisions, to meet regulatory requirements and 
prevention needs. 

• Review requests for and approve all EH&S training courses, course 
substitutions, and waivers. 

• Provide tools such 'as the Job Hazards Questionnaire to enable line 
management to meet EH&S training needs. 

• Maintain documentation for all training courses provided by the 
EH&S Division, including records in the STAR database. 

• Provide technical assistance to EH&S course instructors and to line 
management on their EH&S and job-specific training needs and 
program. 

• Electrical Safety 

• Emergency Management 

• Ergonomics 

• Hazardous Waste Disposal 

• Lasers 

• Lockout/Tagout 

• Occupational Safety 
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RELATED PUB-3000 
CHAPTERS Ccont'tJ 

REFERENCES 

• Personal Protective Equipment 

• Pressure Safety and Cryogenics 

• Radiation Protection 

• Chemical Hygiene and Safety Plan, PuB-5341, Lawrence Berkeley 
Laboratory, April1992 

• Operating and Assurance Program Plan, PUB-3111, Lawrence Berkeley 
Laboratory, July 1994 

• Environment, Health and Safety Division Function Notebook 
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APPENDIX A 
EH&S COURSES BY SUBJECT 

BIOHAZARDS/ ANIMAL RESEARCH 

Animal Welfare in Research Environments (EH5-734) 

Blood Biosafety Training (EH5-735) 

Medical/Biohazardous Waste Training (EH5-730) 

CHEMICAL/LABORATORY SAFETY 

Chemical Hygiene and Safety Training (EH5-348) 

Hazard Communication for Employees (EHS-392) 

ELECTRICAL SAFETY /LOCKOUT-TAGOUT 

Basic Electrical Hazard Awareness (EHs-252) 

Basic Electrical Hazard Awareness for Researchers (EHs-260) 

Electrical Safety for Qualified Electrical Workers (EH5-250) 

Lockout/Tagout Training (EH5-256) 

Lockout/Tagout Training by Supervisors (EH5-257) 

EMERGENCY PREPAREDNESS 

Adult Cardiopulmonary Resuscitation (CPR) (EHS-123) 

Building Emergency Team Training (EH5-154) 

Earthquake Safety (EH5-135) 

Emergency Command Center Orientation Training (ECC-002) 

Fire Extinguisher Use (EH5-530) 

First Aid (EH5-116) 

ERGONOMICS 

Back Injury Prevention (EH5-53) 

Ergonomics for Computer Users (EH5-60) 
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HAZARD COMMUNICATION/HAZARDOUS 
MATERIALS/HAZARDOUS WASTE 

Chemical Hygiene and Safety Training (EHS-348) 

DOT Hazardous Materials Transport Regulations (MAT-002) 

Hazard Communication for Employees (EHS-392) 

Health & Safety Training for Workers at Fixed Facilities (EHS-650) 

Lead Hazards Awareness (EH5-330) 

Training for Hazardous Waste Generators (EHS-601) 

Training for Radioactive and Mixed Waste Generators (EHS-621) 

Waste Accumulation Areas (WAA) Supervisors' Training (EH5-610) 

Health & Safety. Training/Fixed Facilities (8-Hour Refresher) (EH5-651) 

MACHINE/TOOL SAFETY 

Gas Detector Instrumentation (EHS-270) 

Hand & Power Tool Training (EHS-240) 

Machine Tool Safeguarding (EH5-245) 

Powder-Actuated Tool Training (EHS-242) 

Tool-Specific Training (EH5-241} 

Lockout/Tagout Training (EH5-256) 

Lockout/Tagout Training by Supervisors (EH5-257) 

MATERIAL HANDLING 

Back Injury Prevention (EH5-53) 

Crane/Hoist Operator Training (Level I for Incidental Operators) (EHS-
211) 

Forklift Truck Safety (EH5-225) 

OCCUPATIONAL SAFETY- EQUIPMENT AND PROCESSES 

Confined Space Hazards (EH5-275) 

Crane/Hoist Operator Training (Level I for Incidental Operators) (EH5-
211) 

Forklift Truck Safety (EH5-225) 

Gas Detector Instrumentation (EH5-270) 

Hand & Power Tool Training (EH5-240) 
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Laser Safety (EHS-280) 

Machine Tool Safeguarding (EH5-245) 

Powder-Actuated Tool Training (EH5-242) 

Pressure Safety /Compressed Gases (EH5-230) 

Tool-Specific Training (EH5-241) 

ORIENTATION 

Hazard Communication for Employees (EHS-392) 

Introduction to Environment, Health and Safety at LBL (EH5-10) 

General Employee Radiation Training (GERT) (EH5-405) 
-

PERSONAL PROTECTIVE EQUIPMENT 

Air-Line Supply Respirator Training (EH5-312) 

Half- and Full-Face Mask Respirator Training (EHs-310) 

Hearing Conservation Program (EH5-285) 

Self-Contained Breathing Apparatus (EHS-315) 

Training for Supervisors of Respirator Users (EH5-318) 

RADIATION PROTECTION 

Radiation Worker Retraining (EHs-401) 

General Employee Radiation Training (GERT) (EH5-405) 

General Employee Radiation Retraining (EH5-406) 

Personal Radiation Monitoring (EH5-450) 

Radiation Protection-Radiological Worker I (EHS-430) 

Radiation Protection-Radiological Worker TI (EH5-432) 

Radiation Protection-Accelerators (EH5-440) 

Training for Radioactive and Mixed Waste Generators (EHS-621) 

X-Ray Machine Safety (EHs-410) 

SELF-ASSESSMENT 

Self-Assessment Inspector Training (OAA-802) 
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SUPERVISORY /MANAGEMENT RESPONSIBILITIES 

Accident Reporting/Investigation (EH5-815) 

EH&S Roles and Responsibilities for Supervisors (EH5-25) 

NEPA/CEQA Training for Research Proposals (EH5-643) 

NEPA/CEQA Overview (EH5-641) 

NEPA/CEQA Training for Division Coordinators (EH5-642) 

Occurrence Reporting & Processing (EH5-800) 

Self-Assessment Inspector Training (OAA-802) 

Supervisors' Orientation to OSHA (EH5-31) 
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APPENDIX B 
JOB HAZARDS QUESTIONNAIRE 

PAGE 1 

EH&S TRAINING REQUIREMENTS: 

JOB HAZARDS QUESTIONNAIRE 

Employee/Guest Name: Date: 

Employee/Guest Number: 

Supervisor: Division: 

Matrix Supervisor: Matrix Div. 

Job Hazard Questionnaire Version: May 5, 1994/A 

YES responses lead to the required and/or recommended courses indicated. 

A01 __ Y __ N Is the employee/guest working at LBL for more than 30 calendar days? 

Required: EHS0010 

EHS0392 

Recommended: EHS0135 

EHS0405 

EHS0530 

INTRODUCTION TO EH&S AT LBL 

HAZARD COMMUNICATION EMPLOYEE TRAINING 

EARTHQUAKE SAFETY 

GENERAL EMPLOYEE RADIATION TRAINING 

FIRE EXTINGUISHER SAFETY 

A02 __ Y __ N Was the employee/guest hired before January 1982, or is s/he a rehired 

retiree, who originally began work at LBL before that date? 

A03 __ Y __ N Does the employee/guest supervise others? 

Recommended: EHS0025 

EHS0815 

ROLES & RESPONSIBILITIES FOR SUPERVISORS 

ACCIDENT REPORTING/INVESTIGATION 

A04 __ Y __ N Does the employee/guest use a visual display terminal (VDT) or 

personal computer for more than 4 hours/day? 

Recommended: EHS0060 ERGONOMICS FOR COMPUTER USERS 

AOS __ Y __ N Does the employee/guest routinely lift loads weighing 30 lbs. or more? 

Recommended: EHS0053 

Revised 8/94 

BACK INJURY PREVENTION 
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A06 _y _N Does the employee/guest routinely enter "Controlled Areas" for 

radiation, but does NOT work with rad materials or rad-producing 

machines? 

Required: EHS0405 

EHS0406 

GENERAL EMPLOYEE RADIATION TRAINING 

GENERAL EMPLOYEE RADIATION RETRAINING 

A07 _Y _N Does the employee/guest work in a room where Class 3B or 4 lasers are 

used? 

Recommended: EHS0280 LASER SAFETY 

SPECIAL ASSIGNMENTS 

BOl _y _N Is the employee/guest the Division Safety Coordinator? 

Recommended: EHS0025 

EHS0031 

EHS0261 

ROLES & RESPONSIBILITIES FOR SUPERVISORS 

SUPERVISORS ORIENTATION TO OSHA 

ELECTRICAL SELF-ASSESSMENT TRAINING 

B02 _Y _N Is the employee/guest a Division NEPA/CEQA coordinator? 

Required: EHS0641 

EHS0642 

NEPA/CEQA OVERVIEW 

NEPA/CEQA TRG FOR DIVISION COORDINATORS 

B03 _y _N Is the employee/guest a member of the Division's self-assessment team 

(or head of the self-assessment team, or the self-assessment 

coordinator)? 

Recommended: EHS0261 

OAA0802 

ELECTRICAL SELF-ASSESSMENT TRAINING 

SELF ASSESSMENT INSPECTOR TRAINING 

B04 _Y _N Is the employee/guest a Division Director or a Division designee for 

occurrence reporting? 

Required: EHS0800 OCCURRENCE REPORTING AND PROCESSING 

B05 _y _N Is the employee/guest a building manager or a member of the building 

emergency team? 

Required: EHS0116 

EHS0123 

EHS0154 

EHS0530 

Recommended: EHS0135 

ENVIRONMENT, HEALTH & SAFETY TRAINING 
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BOG __ Y __ N Is the employee/guest a member of the Emergency Command Center Team? 

Required: ECC0002 ECC ORIENTATION TRAINING 

B07 __ Y __ N Is the employee/guest a building manager or assistant building manager 
in building 2, 62/66, 70/70A, 77, or 88? 

BOB __ y _N Does the employee/guest work in or frequent a "Controlled Area" for 
radiation protection? 

Required: EHS0450 PERSONAL RADIATION MONITORING 

B09 __ Y _N Does employee/guest work in the Hazardous Waste Handling Facility in 
B75, or at a Fixed Treatment Unit in Building 2, 25, 70A/F, 76, or 77? 

Required: EHS0650 
EHS0651 

HEALTH AND SAFETY TRG/FIXED FACILITIES 
8HR ANN. REFRESHER FOR 24HR HAZWOPER TRG 

BlO __ Y __ N Does the employee/guest work in any environment other than an office, 
and/or supervise those who work in environments other than an office? 

*********** If no, please skip to the required signatures at the end and sign. If 
yes, continue filling out the questionnaire. 

RADIATION PROTECTION 

COl __ Y __ N Does the employee/guest work with radioactive materials OR radiation
producing machines, OR have a potential exposure over lmSv (100 
rnrem)/yr? (If no, skip to end of section.) 

C02 __ Y __ N Does the employee/guest work with radionuclides? 

Required: EHS0401 
EHS0430 
EHS0601 
EHS0621 

C03 __ Y _N Does the employee/guest 

Required: EHS0437 

Revised 8/94 

RADIATION PROTECTION RETRAINING * 

RADIATION PROTECTION - RADIONUCLIDES 
HAZARDOUS WASTE GENERATORS TRAINING 
RADIOACTIVE & MIXED WASTE TRAINING 

work with transuranics? 

CONTROL AND ACCOUNT OF NUCLEAR MATERIAL 
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C04 __ y __ N Does the employee/guest work in an accelerator building? 

Required: EHS0401 

EHS0440 

RADIATION PROTECTION RETRAINING * 
RADIATION PROTECTION - ACCELERATORS 

COS __ Y __ N Does the employee/guest use an analytical or diagnostic x-ray machine? 

Required: 

LASERS 

EHS0401 

EHS0410 

RADIATION PROTECTION RETRAINING * 
X-RAY MACHINE SAFETY 

DOl __ y __ N Is the employee/guest a user of a class 2 or higher laser, or a 

supervisor of a user of such a laser? 

(If no, skip to end of section.) 

D02 __ y __ N Does the employee/guest work with Class 3B or Class 4 lasers (does not 

include laser printers or laser pointers)? 

Required: EHS0280 LASER SAFETY 

D03 __ Y __ N Is the employee/guest a supervisor for a Class 3B or 4 laser user? 

Required: EHS0280 LASER SAFETY 

D04 __ Y __ N Does the employee/guest work with Class 2 or 3A lasers? 

Recommended: EHS0280 LASER SAFETY 

CHEMICAL USE 

EOl __ y __ N Does the employee/guest handle chemicals that are corrosive, 

flammable, reactive, and/or toxic, or supervise those who do? 

(If no, skip to end of section.) 

E02 __ y __ N Does the employee/guest work with chemicals that are corrosive, 

flammable, reactive, and/or toxic? 

Required: EHS0348 

EHS0601 

CHEMICAL HYGIENE/SAFETY TRAINING 

HAZARDOUS WASTE GENERATORS TRAINING 

E03 __ y __ N Does the employee/guest ONLY supervise those who work with hazardous 

chemicals - that is, he/she does not work with them him/herself? 

Required: EHS0601 

Recommended: EHS0348 

ENVIRONMENT, HEALTH & SAFETY TRAINING 
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RESPIRATORY PROTECTION 

FOl _y _N Does the employee/guest need to use respiratory protection or 

supervise those who do? 

(If no, skip to end of section.) 

F02 _y _N Does the employee/guest need to use a half or full-face respirator? 

Required: EHS0310 RESPIRATOR TRAINING 

F03 _Y _N Does the employee/guest have emergency response responsibilities where 

he/she may have to use self-contained breathing apparatus (SCBA)? 

Required: EHS0315 SELF-CONTAINED BREATHING APPARATUS TRG 

F04 _Y _N Does the employee/guest need to use an air-line supply respirator? 

Required: EHS0312 AIR-LINE SUPPLY RESPIRATOR TRAINING 

FOS _Y _N Does the employee/guest ONLY supervise those who use respirat"ory 

protection-that is, he/she does not use respirators him/herself? 

Required: EHS0318 TRG FOR SUPERVISORS OF RESPIRATOR USERS 

MATERIAL HANDLING 

GOl _Y _N Does the employee/guest operate material-handling equipment (e.g. 

cranes or forklifts)? 

(If no, skip to end of section.) 

G02 _Y _N Does the employee/guest operate a powered industrial truck/forklift? 

Required: EHS0225 FORKLIFT CERTIFICATION - 3YR 

G03 _Y _N Is the employee/guest an operator of cranes or hoists? 

Required: EHS0211 INCIDENTAL CRANE OPERATOR TRAINING 

HAND AND MACHINE TOOLS 

HOl _Y _N Does the employee/guest work with hand or machine tools? 

(If no, skip to end of section.) 

H02 _y _N Does the employee/guest use hand and/or power tools? 

Revised 8/94 

Required: EHS0241 

Recommended: EHS0240 

TOOL-SPECIFIC TRAINING 

HAND & PORTABLE POWER TOOL TRAINING 
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H03 __ Y __ N Does the employee/guest operate powder-actuated fastening tools? 

Required: EHS0242 POWDER ACTUATED TOOL TRAINING 

H04 __ Y __ N Does the employee/guest operate a machine tool? 

Required: EHS0245 MACHINE TOOL SAFEGUARDING 

LOCKOUT/TAGOUT 

IOl __ Y __ N Does the employee/guest service, maintain, or modify equipment in 

which an unexpected release of ~nergy could harm personnel or 

equipment? 

One Required: EHS0256 LOCKOUT/TAGOUT TRAINING - OSHA STANDARDS 

EHS0257 LOCKOUT/TAGOUT AUTHORIZATION TRAINING 

I02 __ Y __ N Does the employee/guest supervise anyone who works with equipment in 

which an unexpected release of energy could harm personnel or 

equipment? 

Required: EHS0256 LOCKOUT/TAGOUT TRAINING - OSHA STANDARDS 

ELECTRICAL SAFETY 

JOl __ Y __ N Does the employee/guest work in a laboratory area? 

Required: EHS0260 BASIC ELECTRICAL HAZ AWARENESS: RESEARCH 

J02 __ Y __ N Is the employee/guest a technician (non-laboratory), laborer, 

custodian, craft/trade worker, or a supervisor of any of these 

workers? 

Required: EHS0252 BASIC ELECTRICAL HAZARD AWARENESS 

J03 __ Y __ N Is the employee/guest an electrician or electronics technician? 

Required: EHS0250 

Recommended: EHS0123 

ELECTRICAL SAFETY/QUALIFIED ELEC WORKERS 

CPR-3HR-2YR CERTIFICATION 

J04 __ Y __ N Does the employee/guest serve as a required safety watch for hazardous 

electrical operations? 

Required: EHS0123 

ENVIRONMENT, HEALTH & SAFETY TRAINING 
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CONFINED SPACES 

KOl __ Y __ N Does the employee/guest perform work in a confined space (e.g. 

tunnels, ducts, pits, tanks, trenches) or supervise those who do? 

Required: EHS0275 CONFINED SPACE HAZARDS 

K02 __ Y __ N Is the employee/guest responsible for using atmospheric testing 

instruments for confined spaces? 

Required: EHS0270 GAS DETECTOR INSTRUMENTATION 

OTHER HAZARDS AND SPECIAL REQUIREMENTS 

001 __ Y __ N Does the employee/guest drive or transport hazardous and/or 

radioactive materials? 

002 __ y __ N 

003 __ y __ N 

Required: 

Does the 

EHS0475 

MAT0002 

employee/guest 

Required:' EHS0734 

Does the employee/guest 

DOT/DOE CERTIFICATION TRAINING 

DOT HAZARDOUS MATERIALS TRANSPORT REGS 

work with animals in experiments? 

ANIMAL WELFARE IN RESEARCH ENVIRONMENTS 

work with human blood, human blood products, 

or other potentially infectious materials from human origin? 

Required: EHS0735 BLOOD BIOSAFETY TRAINING 

004 __ Y __ N Does the employee/guest generate publicly-perceived infectious 

materials or sharps waste (e.g. any syringes, needles, scalpels, or 

razor blades)? 

Required: EHS0730 MEDICAL/BIOHAZARDOUS WASTE TRAINING 

005 __ Y __ N Does the employee/guest work in a high-noise area, where the average 

noise level exceeds 85 dBA? 

Required: EHS0285 HEARING CONSERVATION 

006 __ Y __ N Does the employee/guest use pressure systems, such as compressed 

gases, vacuum systems, and/or cryogenics? 

Required: EHS0230 PRESSURE SAFETY ORIENTATION 

007 __ Y __ N Is the employee/guest the designated supervisor for a Waste 

Accumulation Area (WAA)? 

Required: EHS0610 

Revised 8/94 

WASTE ACCUMULATION AREAS 
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008 __ y __ N Does the employee/guest melt lead in operations other than electronic 
soldering? 

Required: EHS0330 LEAD HAZARDS AWARENESS SAFETY MEETING 

009 __ y __ N Does the employee/guest weld, grind, sand, or work on painted surfaces 
in such a way that paint particles become airborne? 

Required: EHS0330 

Signatures: 

Employee 

Date 

ENVIRONMENT, HEALTH & SAFETY TRAINING 
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* = 'alternate years 
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Matrix Supervisor Date 
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Written documentation for EH&S training programs must include the following information: 

Section 

Course title, course code 
and length 

Purpose 

Learning objectives 

Audience 

Regulation or standards 

Instructors 

Course outlines 

Lesson plan 

Handouts 

Training props and setting 

Medical approval 

Retraining 

Evaluation 

Description 

List course title, course code, and the length of the course 

Describe what the program will accomplish; what regulations, standards, 
and/ or environment, health and safety issues are addressed 

What information and skills participants will know after training is 
completed (e.g., participants will know how to properly segregate 
hazardous waste) 

Types of workers and their responsibilities; identify who is required to 
attend and for whom it is recommended 

Indicate DOE Orders, OSHA regulations, environmental regulations, etc., 
that are met 

Names/titles; qualifications 

For each course, include outline of material covered 

Attach a lesson plan, which includes detailed information on material 
covered; may include copies of overheads and other instructional materials 

Copy of any handouts in addition to overheads 

Identify videos, slides, etc.; describe setting, e.g., classroom, field training, 
or on-the-job 

Indicate whether medical approval is necessary for certification 

Any requirements for retraining or recertification and what will be included 
in any retraining program 

Any written tests, classroom exercises, practical tests, long-range evaluation 
methods 

All EH&S training programs must comply with these documentation requirements. Those 
responsible for such training programs will develop the written document with assistance 
from the EH&S Training Department. 
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CHAPTER 25 

TOOLS, POWER AND HAND OPERATED 

The Laboratory provides hand and powered portable tools that meet 

accepted safety standards. A damaged or malfunctioning tool must not be 

used; it must be turned in for servicing and a tool in good condition 

obtained to complete the job. Employees shall use the correct tool for 

the work to be performed; if they are unfamiliar with the operation of 

the tool, they shall request instruction from their supervisor before 

starting the job. Supervisors are responsible for ensuring that their 

subordinates are properly trained in the operation of any tool that they 

are expected to operate. An employee is not permitted to use a powder-

actuated tool unless instructed and licensed by the manufacturer. 

ELECTRIC TOOL TESTING 

Tools that are not double-insulated must be effectively grounded 

and tested. ·Testing shall be accomplished: 

o Prior to initial 1ssue. 

o After repairs. 

o After any incident that could cause damage, such as dropping or 
exposure to a wet environment. 

Grounded tools shall always be used with an effectively grounded 

circuit. Any extension cord used with a grounded tool must be a three-

wire, grounded type. 

Electric-powered hand tools used on construction sites, on tempo-

rary wiring used circuits, or in wet environments will be used in 

conjunction with an approved Ground Fault Circuit Interrupter (GFCI). 
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The responsibility for implementing and maintaining this program 

rests with the individual supervisors involved. 

Tool testing equipment will be maintained by the Construction and 

Maintenance Department Electrical Shop. 

Documentation of tool testing will be maintained by the group owning 

powered hand tools. Tools maintained in a tool crib and tested prior to 

issue are exempted from this requirement. 

Repairs of defective tools will only be made by qualified electrical 

personnel. 
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CHAPTER 26 

TRAFFIC AND TRANSPORTATION 

GENERAL 

The speed limit on LBL and University property is 25 miles per hour. 

However, conditions such as road repair, wet weather, poor visibility, 

and pedestrian traffic may require speeds much less than 25 mph. Areas 

where there is continuous general congestion are posted at 15 miles per 

hour, which is the maximum speed through "YIELD" intersections. All 

traffic laws are strictly enforced. 

As a result of the high density traffic, limited parking, and 

general congestion, it is recommended that Laboratory shuttle bus and 

transportation services be used whenever possible. These services are 

convenient and reduce exposure to potential motor vehicle accidents. 

LICENSE REQUIREMENTS 

The LBL Regulations and Procedures Manual, PUB-201, outlines specific 

requirements for the use of official vehicles. It requires that an oper

ator hold a valid California driver's license for the class vehicle to be 

authorized. Persons intending to operate forklifts are required to suc

cessfully complete the appropriate course (EH&S 225) as outlined in 

Chapter 24, "Environmental Health and Safety Program, 11 in this manual. 

RESPONSIBILITIES 

Department heads are responsible for restricting the use of 

Laboratory-furnished vehicles to official Laboratory business only. They 

are also responsible for limiting use of such vehicles to properly author

ized personnel. Use of an official vehicle for an employee's personal 
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convenience or benefit constitutes m1suse and is prohibited. Employees 

who misuse Laboratory vehicles are subject to disciplinary action and 

financial responsibility for any accident. 

All drivers of Laboratory vehicles are responsible for the reporting 

of any damages and deficiencies to the Motor Pool, Building 76. Repairs, 

adjustments, and maintenance can only be accomplished if the driver 

adequately documents and reports these items. Failure to report unsafe 

vehicle conditions can result in an unnecessary accident. 

USE OF SAFETY BELTS IN MOTOR VEHICLES 

Employees operating or riding in government-owned vehicles, or per-

sonal vehicles on government business, are required to wear both seat and 

shoulder belts at all times. The driver should instruct the passengers 

to fasten their seat and shoulder belts before operation. 

VEHICLE ACCIDENTS 

Any accident involving vehicles (private, rented, leased, or LBL) 

used on official LBL business must be reported to the driver's supervisor 

and to LBL Protective Services. If the driver is unable to make a 

report, another employee who knows the details of the accident must make 

the report. 

It is Laboratory policy that employees should not admit to responsi-

bility for vehicle accidents occurring while on official business. It is 

important that such admissions, when appropriate, be reserved for the 

University and its insurance carrier. The law requires that each driver 

involved in a vehicle accident shall show his/her license on request by 
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the other party. Be sure to obtain adequate information on the drivers 

involved as well as on the owner of the vehicles. Names, addresses, 

driver's license numbers, vehicle descriptions, and registration informa

tion are essential. In addition, a description of damages is needed for 

completion of accident reports. If the accident is investigated by off

site police agencies, request that a copy of the police report be sent to 

LBL Protective Services, or obtain the name and department of the 

investigating officer. A printed card titled "In Case of Accident" l.S 

kept in each official vehicle to assist 1.n collecting required 

information. 

In case of collision with an unattended vehicle (or other property), 

the driver of the moving vehicle is required by law to notify the other 

party and to exchange information pertaining to the call is ion. If unable 

to locate the other party, leave a note in, or attached to, the vehicle 

(or other property) giving the driver's name, address, and vehicle license 

number. 

The driver of any LBL vehicle involved in an accident must complete 

an LBL Motor Vehicle Accident Report and submit it to his/her supervisor 

within one work day of the accident. The supervisor should interview the 

driver and complete the supervisor's portion of the report. Within two 

work days of the accident, the completed form and vehicle must be taken 

to the Motor Pool so that damages may be estimated and repairs scheduled. 

Forms are carried in the vehicle or may be obtained from the Motor Pool 

Office. The Environmental Health and Safety Department will receive 

copies of all accident reports and will prepare any required DOE reports. 
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The driver of any LBL vehicle involved in an accident will be called 

to appear before the Traffic Safety Subcommittee. The committee will 

determine whether or not the driver could have prevented the accident. 

Further, the committee will review any contributing factors that led to 

the accident and institute corrective measures. 

MOVING TRAFFIC VIOLATIONS 

Employees, guests, or consultants who violate the California Vehicle 

Code will be issued a written warning or citation. Although the citation 

will be issued by an LBL Protective Services officer, the citation is a 

standard City of Berkeley citation, and procedures are the same as for a 

citation received from a Berkeley police officer. 

A warning will include a description of the violation and cite the 

relevant code section, date, time, location, and the name of the officer 

issuing the warning. A person who receives such a warning will be called 

to appear before the Traffic Safety Subcommittee. Failure to meet with 

the committee will require the attendance of the employee and his/her 

supervisor at a later meeting. 

If more than one warning is issued in a six-month period, the Traffic 

Safety Subcommittee will normally suspend the offender's driving and 

parking privileges at the Labora~ory. 

The first suspension will be for a period of one month. If there is 

a repeat violation, the period of suspension will be for six months. 

Serious offenses may result in revocation of privileges. 

In addition to the above internal measures, drivers are warned 

that moving violation offenders are also subject to citation by an LBL 
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Protective Services officer in accordance with State of California and 

University regulations. 

TRAFFIC SAFETY SUBCOMMITTEE 

The Traffic Safety Subcommittee, a subcommittee of the Safety Review 

Committee, reviews all accidents involving government vehicles, whether 

on site or off site, and makes recommendations to have safety hazards 

corrected. The committee meets monthly or more often to rev1ew a number 

of accidents or to consider a problem called to its attention. 

The committee is also the hearing board for drivers who are involved 

in vehicle accidents or who have received citations for moving violations. 

Such drivers will appear before this committee to explain causes of acci

dents or violations. 
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Red Zones: 

Yellow Zones: 

Green Zones: 

Orange Circle: 

Blue Triangle: 

Government Vehicles: 

Numbered Parking: 

Time Zone Lanes: 

Small Car: 

General Parking: 

LBL On-site Parking Rules 

No stopping, standing, or parking. 

Stopping only for the purpose of loading or 

unloading passengers or freight. 

Limited time parking. 

Orange circle permit holders only. 

Blue triangle or orange permit holders and LBL 

vehicles only. 

LBL vehicles only. 

Vehicle with that license number only. 

All vehicles must be prepared to move at the time 

indicated. 

Vehicle must not extend beyond rear limit line. 

Vehicles must be parked 1n designated places only 

and must not extend beyond the edge of road, 

stripes, or rear limit lines. 

Violators of the above parking rules will be issued warnings or citations. 

See also PUB-201, Regulations and Procedures Manual, Section 1.05. 
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POLICY 

CHAPTER 27 

WARNING SIGNS AND DEVICES 

Use every reasonable method to warn employees of hazards and dangers 

and to inform them of the actions required. Install signs, character

istic lights, and audible alarms as additional safeguards for built-in 

mechanical and physical protection. To assure uniform response by 

personnel, the warning signs and devices shall be of the same type for 

similar hazards. Obtaining and installing the warning systems is the 

responsibility of the group needing them. 

WARNING SIGNS 

Signs shall conform to the colors, symbols, lettering size, and 

proportions stated in ANSI Z35.1-1972, except that radiation signs shall 

conform to the requirements stated in 10CFR20. Every warning sign shall 

include the following: 

o An approved heading that indicates the relative hazard 

o Statement of the type of hazard 

o Statement of what to do or not to do in the area 

Danger Signs 

Use these signs only where injury or damage is certain to occur if 

approved operating instructions and procedures are not followed. Instruct 

employees of the serious consequences of ignoring the message. The head

ing of this sign states "Danger" in white letters on a red oval edged with 

a rectangular black border. The body is white and the message is black. 
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Caution Signs 

Use these signs where injury or damage ~s possible and employees 

must be on their guard. The heading states "Caution" ~n yellow letters 

on a black rectangle. The body is yellow and the message is black. 

Informational Signs 

Use these signs where instructions are needed. The heading states 

"Notice" in white letters on a green rectangle when the message relates 

to safety and on a blue rectangle for other messages. The body is white 

and the message is black. 

Directional Signs 

Use these signs to indicate exits, fire escapes, evacuation routes, 

stairways, first aid, etc. The direction symbol appears near the top in 

white on a green rectangle. The body must have a color contrasting with 

the general background. 

Obtaining Signs 

Use the sign portfolio maintained in the Environmental Health and 

Safety (EH&S) Department to help in selecting a suitable sign. Consult 

with the EH&S Department regarding the type needed and its source of 

supply. The Central Storeroom maintains a stock of signs that are used 

frequently. The EH&S Department stocks some signs in low demand and has 

equipment for making safety signs. Special signs are custom made in the 

shops or purchased outside. 

WARNING DEVICES 

Install warning lights and audible alarms where they are needed to 

warn personnel against remaining in or entering a hazardous area. 
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Instruct personnel of the meaning and the response required when an alarm 

sounds. Post an explanatory sign (describe hazard and action to take) 

near a warning light that indicates danger, caution, high explosives, or 

radioactivity. In a highly illuminated area, surround the warning light 

with a disc or wide-angled cone of a contrasting color. Table 1 lists 

the warning devices and the appropriate use of each. 

EVACUATION ALARM SYSTEMS 

All buildings on site are equipped with a means of notifying 

personnel to leave the building, generally the public address system. 

Equip every dangerous operation area, indoor and outdoor, with devices 

for notifying personnel to leave the area. The general evacuation alarm 

is a steady klaxon horn sound and shall only be used to mean "Everyone 

leave the building immediately and go to the prearranged assembly point 

or as directed on the public address system." The extensiveness and 

reliability of the alarm system must be proportional to the magnitude of 

the credible accidents that could occur from the operations in or near 

the building. 

Automatic Alarm Systems 

Install an automatic evacuation alarm triggered by a detector 

directly sensitive to the nature of the hazard for any operation in which 

an accident could quickly endanger employees outside the immediate area. 

Such an operation must not proceed unless the alarm system is functional. 

Include manual activation capability and a public address back-up system 

in the building operable from the :Fire Department and Protective Services. 

Provide an automatic emergency power supply for the alarm system. 
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Table 1. Accepted use of audible and visual warning devices. 

Warning 

Red light 

Magenta or red 
light 

Yellow light 

Green light 

Klaxon horn, 
steady 

Chime, pulsed 

Other sounds 
(bells, 
buzzers, etc.) 

Typical examples 

Danger 

Danger--radiation 
area 

Caution 

Safe 

Criticality accident, 
toxic material release, 
large fire, or other 
serious emergency 

Danger--radiation 
usu'ally used with 
magenta or red light 

Warning; hazardous 
condition exists 

Manual Alarm System 

General use 

Do not enter 

Do not enter 

Limit free access to 
personnel or warn people 
to be on alert 

No hazard; no entry 
restrictions 

Leave building or area 
immediately 

Do not enter 

Be on alert; 
follow directions 

Install a manually operated alarm system for an operation in which 

accidents will not cause immediate danger to employees outside the area 

of the incident but could develop into a dangerous situation. Provide a 

public address system operable from the building and from the Fire 

Department and Protective Services. 
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Installation of Evacuation Alarm Systems 

The facility supervisor and EH&S Department shall jointly decide the 

type of evacuation alarm system that is needed. Acquisition, local 

installation, and maintenance are done on programmatic accounts. 

LOCK-OUT/ISOLATION AND TAGGING PROCEDURES 

Purpose 

To prevent injury and property damage due to inadvertent or 

unauthorized activation of energy source switches, controls, valves, or 

other mechanisms. 

Method 

Provide standardized Lock-Out/Isolation and Tagging Procedures that 

establish positive means of preventing the unwanted application of energy 

to equipment or systems. 

Requirements 

Wherever possible, energy sources for equipment and systems will be 

·provided with either physical lock-out/isolation devices or a means of 

inserting a padlock or other lock-out/isolation mechanisms. 

Where impossible to provide a means for physical lock-out/isolation 

of an energy source, specific written procedures will be developed and 

closely monitored to ensure that the deactivated energy source is not 

re-activated by unauthorized personnel. Such written procedures will be 

reviewed and approved by the appropriate safety committee. A copy of the 

approved procedure will be provided to the maintenance personnel involved 

and will be readily available at the work site. 
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Maintenance personnel (C&M, Electronics, and other appropriate job 

classifications) will be provided locks/keys, multiple lock-out devices, 

and other isolation mechanisms appropriate for the task, or specific 

procedures to ensure their safety. In addition, these personnel will be 

thoroughly trained in Lock-Out/Isolation and Tagging Procedures. 

"Danger - Do Not Turn On" tags will be attached to the energy source 

deactivation/isolation control device. 

If unusual circumstances dictate working on equipment or a system 

where the energy source cannot be deactivated, the responsible supervisor 

will develop specific written instructions that provide adequate precau-

tions to be taken to ensure the safety of personnel involved. These 

instructions will be reviewed and approved by the appropriate safety 

committee and will include requirements for: 

o A knowledgeable safety observer. 

o Appropriate personal protective equipment. 

o Covering or providing a barrier to isolate energized components 
as completely as possible to reduce exposure. 

o Electrical work to be conducted in compliance with "LBL 
Requirements for Constructing Electrical Equipment and Working 
on Energized Electrical Equipment," see Chapter 8 of this 
manual. 

Personnel who disregard established Lock-Out/Isolation and Tagging 

Procedures will be subject to disciplinary action in accordance with 

PUB-201, Section 2.05B, Rules and Procedures Manual. 

Procedures 

Maintenance personnel will: 

o Brief the supervisor and operators of the equipment or systems 
to be worked on of the activities to be accomplished. 

27-6 



o Turn all positive control devices off and install lock-out/ 
isolation mechanisms. If unable to physically lock-out/isolate 
the energy source, do not proceed with work unless approved 
written procedures are provided ·and posted in the immediate 
area of the positive control device. 

o Complete and attach a "Danger - Do Not Turn On" tag. This tag 
~ay only be removed by the individual who places it or his/her 
supervisor. If removed by supervisory personnel, that indi
vidual will assume full responsibility for ensuring his/her 
actions do not create a hazardous condition for other personnel 
or equipment. 

o If system is to be worked while energized, ensure that devel
oped procedures are closely followed and that the assigned 
safety observer verifies all actions. 

o Before starting work, verify that the equipment or system has 
been de-energized. 

o If work cannot be completed during the shift, do not remove 
lock-out/isolation devices and tags until your relief is 
present, briefed, and ready to implace his/her devices and 
tags. 

o If the equipment is to remain out-of-service, ensure that 
energy source control devices remain locked-out/isolated and 
appropriately tagged. In addition, before leaving the area 
inform the responsible supervisor of the status of the equip
ment or system. 

0 When work has been completed, inspect the 
to ensure that it is safe to re-energize. 
out/isolation devices and associated tags 

equipment or system 
Remove the lock-

or posted procedures. 

o Inform the responsible supervisor that the equipment is ready 
to be tested prior to returning to its normal operating 
condition. 

o Test or monitor the testing of the equipment or system to 
determine operational status prior to leaving the area. 
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CHAPTER 28 

MISCELLANEOUS 

BOATING AND DIVING 

Group leaders and/or supervisors of employees planning to engage 1n 

marine boating or diving operations as part of a work assignment shall 

contact the Environmental Health and Safety (EH&S) Department, EXT. 5251, 

for guidelines and safety procedures relevant to their specific opera-

tion. An EH&S form, "Application for Vessel Use," shall be filled out 

for each vessel and reviewed by the EH&S Department before it is used in 

the boating or diving operations. 

Reference standards for safe boating operation will be: 

California Boating Law 
Dept. of Transportation - U.S. Coast Guard, 
C.G. 323, Title 46: Chap. I, Subchapter T, 

"Small Passenger Vessels" 
Dept. of Transportation - U.S. Coast Guard, C.G.-169 

University-National Oceanographic Laboratory 
System, "Research Vessel Safety Standards" 
(May, 1976) 
Woods Hole, Oceanographic Institution 
Woods Hole, Mass., 02543 
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Mule of Yeaael 

Legal Ower 

Hailiag Address 

Port of Call 

Operator 

Mailing Address: 

Length Beam 

Propulsion: 
Sail Only ( ) 
Power Only ( ) 

Date :&ilt: Name 

Lawrence Berkeley Laboratory 
Environmental Health and Safety 

APPLICATION FOR VESSEL USE 

Of'fical or Award H1111ber: 

u.s. Coast Guard Certification # 

City State & Zip Code 

Bodies of water used in 

License t- Residence Phone: &lsirieas Phone: 

City State & Zip code 

Draft Light Displacement Construction 

Engine Mfgr. & Type: 
Single Screw ( ) 
~in Screw ( ) 

Vessel Type or Class :&ilder 

Date of Last Safety Inspection: Inspected By: 
' 

Date of Last 'Iiry Dock Inspection: Inspected By: 

Describe any Significant Modifications to the Vessel or tier Equipment Since lAst 
Inspection(&): 

Registered Owner Address 

Reviewed By (LBL Di & S) Date 

General Comment: 
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Lawrence Berkeley Laboratory 
Environmental Health and Safety 

APPLICATION FOR VESSEL USE 

Reviewed By (LBL EH&S) 

General Comment: 
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ACCIDENT INVESTIGATION PROGRAM 

Overview 

The Laboratory's accident investigation program has been developed 

and instituted to identify and reduce accident causes and thereby prevent 

similar accidents. It is a very important aspect of LBL's safety program, 

which aims to provide employees with a safe and healthful work environ

ment. The program's primary emphasis is on accident prevention by engi

neering safe facilities and equipment, by developing sound operational 

procedures, and by providing adequate training and protective equipment. 

Although the Laboratory is striving to prevent accidents, they do 

occur. Therefore, supervisors must know how to conduct an effective 

investigation that will contribute to accident prevention efforts. The 

immediate supervisor is assigned this responsibility because he/she is 

most familiar with the operation., equipment, personnel, and hazards 

involved. The supervisor has a personal interest and responsiblilty 1n 

identifying and correcting accident causes and in preventing accident 

recurrence. 

Accident investigations should not attempt to place blame or initi

ate punitive action. In those accidents where someone was at fault, the 

intent of the investigation is nonetheless to identify the means of 

correcting these deficiencies through efficient supervision, effective 

training, and proper job assignment. 

Reporting Procedures 

Employees are responsible for reporting all accidents, no matter how 

minor, to their supervisors. Reporting is to be accomplished as soon as 

reasonably possible. 

28-4 



1. Emergencies 

In case of fire, explosion, gas leak, chemical accident, 

radiological accident, or other emergency situations, call for assistance 

immediately, EXT. 5333 from on-hill locations. Employees at off-hill 

facilities should refer to the Emergency Call Matrix in the phone book. 

Give all information needed to dispatch appropriate aid to the scene. If 

possible, send someone outside to meet the emergency crew. Do not move 

the injured person if you are unskilled in first aid treatment, unless 

such action is necessary to prevent further serious injury to the victim. 

Emergency action to stop serious bleeding or to give artificial respira

tion should be carried out immediately without waiting for the arrival of 

personnel trained in first aid. 

2. Preservation of the Accident Scene 

The Department of Energy (DOE) requires that the scene of a 

serious accident be preserved intact until a DOE investigating team has 

released the area. In the event of an accident involving a fatality, 

disabling injuries or illness of five or more persons, or estimated 

damage exceeding $100,000, the following action must be taken: 

o Secure the scene. 

o Prevent movement of equipment or vehicles. 

o Notify the LBL Director's Office and the Environmental 

Health & Safety (EH&S) Department immediately. 

o Take color photographs, particularly of transient evidence, 

such as liquids or scuff marks. 
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3. Radiological Accidents or Emergencies 

Radiation exposure should be reported immediately to the EH&S 

Department, EXT. 5251, or during off-hours to the Fire Department at EXT. 

5333. Appropriate monitoring assistance and equipment are available for 

immediate dispatch. 

The following emergency procedures should be implemented immediately 

in the event of a radioactive spill: 

o Evacuate all personnel from the immediate area and retain in 

a safe area all persons present until they are monitored by 

the EH&S Department. 

o Quarantine the contaminated area so there will be no risk of 

further personnel exposure to penetrating radiation, air

borne radioactivity, or contamination. 

o Preserve the scene of the accident. 

o Notify the EH&S Department, EXT. 5251. 

o Inform the EH&S Department of all facts pertinent to the 

incident. 

If a person receives a dose equivalent in excess of the standards 

stated in DOE Order 5480.1A, Chap XI, he/she may be restricted from 

further work in radiation areas. The decision to restrict the employee 

will be made by the Director's Office or DOE-SAN. Approval is required 

by the DOE-SAN Manager before the employee is allowed to return to work 

~n radiation areas. 

4. Occupational Injuries or Illnesses 

All job-incurred injuries, including scratches, bruises, 

strains, and illnesses should be reported to the responsible supervisor. 
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The employee should also report to the Medical Services Department for 

prompt treatment. 

In cases of work-connected injury or illness necessitating absence 

from work, the affected employee is responsible for notifying both the 

supervisor and Medical Services Department of the circumstances. When 

ready to return to work, the employee must report to the Medical Services 

Department for confirmation of ability to resume duties. 

5. Motor Vehicle Accidents 

All accidents involving a vehicle used on LBL business must be 

reported by the driver. If the driver is unable to make the required 

reports, any other employee with knowledge of the accident should file 

the reports. 

A printed card titled "In Case of Accident" is kept in the glove 

compartment of each official vehicle. This form is a guide for noting 

relevant information at an accident scene. 

All vehicle accidents should be reported to Laboratory's Protective 

Services as soon as possible. The driver must complete an LBL Motor 

Vehicle Accident Report and submit it to his/her supervisor within one 

work day of the accident. Forms are kept in the vehicle and are also 

available from Motor Pool. Accidents involving an unattended vehicle, 

off Laboratory premises, or which result in an injury or death, must be 

reported as required by law. 

Personnel should not admit responsibility for accidents involving 

vehicles used on Laboratory business. Such admissions are reserved for 

the University. 
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In case of collision with an unattended vehicle, the driver of the 

moving vehicle is required by law to notify the other party and to provide 

information pertaining to. the collision. If the driver is unable to do 

so, he/she should leave a note giving his/her name, address, and vehicle 

license number. 

6. Property Damage 

Incidents involving accidental damage to property should be 

reported immediately to the supervisor of the employee(s) involved and to 

the individual accountable for the property. The EH&S Department must be 

informed as soon as possible so that assistance can be provided. 

7. Within Lab Reporting 

Upon notification of an accident, the EH&S Department Head or 

his/her deputy will inform and alert the following, depending upon the 

involvement: 

o Engineering Division office 

o Medical Services Department 

o Protective Services 

o Construction and Maintenance Department 

o Supervisor or Division leader of person or equipment involved 

o Building Manager 

o Chairman of the pertinent subcommittee of the Safety Review 

Committee 

The Engineering Division office will inform and alert the following, 

depending upon the seriousness of the accident: 
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o Laboratory Director 

o Public Information Officer 

o DOE-SAN 

Environment Safety & Quality Assurance, phone 273-7963 

SAN Guard station during off-hours, phone 273-4237 

o Berkeley Site Office · 

The DOE-SAN office will inform any outside agency as required by DOE 

Orders. 

The notification message should give as much of the information 

listed below as 1s available. 

o Time, date, location, persons involved, general nature of 

the occurrence, and its major consequences. 

o Known significiant details of any injuries, property damage, 

action taken for emergency control and amelioration, and 

comments on possible causes. 

Accident Investigation Procedures 

Accident investigation is the systematic collection and analysis of 

information pertaining to factors suspected of having contributed to or 

having caused an undesired event. The depth of the investigation required 

depends on the actual and potential injuries or damages and the complexity 

of the relevant physical, psychological, and environmental conditions. 

The procedures used should permit the supervisor to determine the 

following: 

o Who was involved? 

o When did it happen? 

o Where did it happen? 
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o How did the accident occur? 

o Why did the accident occur? 

o What action is necessary to prevent similar accidents? 

1. Interview Personnel 

As soon as reasonably possible, make arrangements to discuss 

the accident with the personnel involved. The discussions should be held 

in an area where relative privacy is ensured. The EH&S Department per

sonnel will participate if requested. 

At the start of the interview, explain that the purpose of your 

investigation is to identify the causes of the accident so that correc

tive action can be taken to prevent similar incidents; accident preven

tion should be stressed. 

Ask the employee what factors caused or contributed to the accident 

and what should be done to prevent similar incidents. 

Finally, ensure that all information needed to complete any reports 

has been acquired. Have the employee provide any additional needed 

information. 

2. Analyze Information 

After reviewing the information gathered, analyze it to deter

mine that all factors pertaining to the accident have been obtained and 

that appropriate corrective actions will be taken to prevent similar 

accidents. 

Corrective Action 

The final result of an accident investigation is the corrective 

action taken to eliminate or reduce the conditions that caused or con

tributed to the accident. Adequate corrective action is essential to the 
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Laboratory's accident prevention program. The-supervisor must carefully 

analyze the information gathered and identify action that is effective 

and economically feasible. Such action must be implemented as soon as 

possible to be an effective part of the accident investigation procedure. 

The supervisor should inform appropriate employees of the corrective 

action decided upon, and the supervisor should solicit an opinion of its 

adequacy. After a reasonable time, the supervisor should follow up to 

determine its effectiveness. 

Documentation 

Every accident investigation must be documented. Documentation 

provides a record of the accident prevention actions. In addition, some 

investigation reports must be forwarded to DOE by the EH&S Department. 

1. Occupational Injuries/Illnesses 

Occupational injuries and illnesses are routinely documented on 

Form RL-459 and on DOE Form 5484.X. 

Form RL-459 is initiated by the Medical Services Department to pro

vide the EH&S Department and the employee's supervisor with (a) cursory 

information on the injury/illness, (b) the employee's statement on how 

the injury/illness occurred, (c) information on required medical treat

ment, and (d) additional Medical Services comments. The form is picked 

up at Medical Services by EH&S and is forwarded to the supervisor. 

The supervisor should verify the entries on the front of Form RL-459 

and should complete the reverse side of the form. The form was designed 

to permit the supervisor to select and circle factors that contributed to 

the accident; steps taken to prevent recurrence; and other information 
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provided for input to a computerized record-keeping system. If the 

supervisor feels that the form's categories do not provide an adequate 

opportunity to describe the incident, he/she should write in the infor

mation. 

The completed RL-459 should be returned to the EH&S Department for 

further processing. Data from the form is transcribed into the Occupa

tional Injury/Illness computerized system for future reference. 

If the injury/illness meets DOE criteria for a recordable incident, 

DOE Form 5484.X must be completed by the supervisor and forwarded to the 

EH&S Department with the RL-459. Copies of 5484.X can be obtained from 

the EH&S Safety Office. 

This form must be completed for all injuries and illnesses which 

result in lost or restricted work days, or which require treatment, other 

than first aid, by a physician. Any response other than "O" or "1" to 

Item 57, "Seriousness" on form RL-459, will require that 5484.X be 

completed. Assistance in completing the form will be provided by EH&S 

personnel. 

2. Motor Vehicle Accidents 

Laboratory motor vehicle accidents are documented on Form 

RL-3617. The form is filled out by the driver involved in the accident. 

He/she must complete sections I through X within one work day of the 

accident and must submit the form to his/her supervisor. 

The supervisor should review the driver's report for completeness 

and verify its accuracy during his/her interview with the driver. The 

supervisor will document his/her investigation by completing Section XI 

of the form. 
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The vehicle and form should then be taken to the Motor Pool so that 

damages can be documented in Section XII. The Motor Pool will forward 

the report to the EH&S Department for further processing. Damage esti

mated to be more than $500.00 must be reported to DOE. 

3. Property Damages 

Property damages of $1,000 or more are documented on the Prop

erty Loss form, DOE 5484.X. This form is to be completed by the supervisor 

responsible for the property involved, unless the incident is investigated 

by EH&S personnel or by an appointed board. 

Assistance in completing reports will be provided by the EH&S 

personnel. Completed forms should be forwarded to the EH&S Department. 

Types of Investigation 

If an accident meets certain criteria as prescribed by DOE, a formal 

committee must be formed to investigate and report on the accident and 

recommend corrective action. The DOE criteria are as follows: (for a 

complete description see DOE Orders 5484.1, 5484.2 and Master Emergency 

Plan, PUB-237): 

1. "Type A" Occurrences 

o Fatalities 

o Disabling injuries to five or more individuals from one 

accident 

o Property loss or damage of $250,000 or more 

o Significant release of pollutants 

o Large loss or theft o~ radioactive or hazardous materials 

o Excessive internal or external radiation exposure 
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o Hazardous release of radioactivity 

o Any occurrence which might give rise to inquiry by the 

public or press 

Requirement to notify DOE-SAN is immediate. A DOE Type A 

investigation board is composed solely of DOE employees. 

2. "Type B" Occurrences 

o Loss of or damage to property of $50,000 or greater 

o Illness of five or more people with at least one' lost work 

day 

o Internal or external radiation exposure that exceeds 

allowable limits 

o Accidents involving vehicles transporting radioactive 

material 

o Arrival of shipments of radioactive material that have been 

damaged and are leaking or may have have leaked 

Requirement to notify DOE-SAN is 72 hours. A DOE Type B 

investigation board may include both DOE and contractor employees. 

3. "Type C" Occurrences 

o Occupational injuries and illnesses 

o Accidents involving government-owned, rented, or leased 

vehicles or privately owned vehicles while on official 

business with property damage greater than $500.00 

o Property damage/loss greater than $1,000.00 

Requirement to notify DOE is quarterly. A DOE "Type C" 

investigation board is composed solely of Laboratory employees. 
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4. Reports 

Type A and B investigation reports will follow the details 

described in DOE Order 5484.1, Chapter II. Other reports are more in for-

mal and may follow any format comfortable to the writer, as long as the 

pertinent information is covered. 

Unusual Occurrence Reporting (UOR) Procedure 

1. Unusual Occurrence 

An unplanned event having programmatic significance such that 

it has, or if the impact is not yet known, may have an adverse effect on 

cost, schedule, performance, quality, reliabiity, or safety of a facil-

ity, project, or program. 

An unplanned event which has, or could have had, adverse pro-

grammatic consequences (i.e., a "near miss"), such that the cause and 

corrective action information can be utilized by others. 

2. UOR Criteria 

An Unusual Occurrence Report shall be submitted if the 

occurrence involves one of the following minimum conditions: 

a. Program-related Incidents* 

o $3,000 or greater cost impact 

o One week or more impact on schedule 

o Qualification or acceptance test failure 

* DOE-SAN Program/Project Managers shall decide whether or not to use the 
UOR system for the reporting of quality-related unusual occurrences on 
their program/projects. 
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o Deficiency in a product which adversely affects 

technical requirements as defined in a DOE approved 

configuration baseline 

o A quality or safety problem with parts, components, 

materials, manufacturing processes, test equipment, 

etc., where the information can be used by other DOE and 

contractor participants to avoid a similar experience 

b. Environmental Incidents 

o Release of a designated hazardous substance in an amount 

equal to or greater than the reportable quantity for 

that substance as defined in the Comprehensive 

Environmental Response Compensation and Liability Act 

(CERCLA) of 1980. The designated substances are 

currently listed in the following statutory sources: 

Clean Water Act, Sections 307(a) and 3ll(b)(4). 

Clean Air Act, Section 112. 

Resource Conservation Recovery Act (RCRA), Section 

3001. 

o Implementation of contingency plan under 40 CFR 264.51 

and 40 CFR 265.541. 

o Implementation of Spill Control and Containment (SPCC) 

Plan 

o PCB spills under the Toxic Substances Control Act 

o Ground water contamination (Porter-Cologne) 
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c. Radiological Incidents 

o Report any unintentional release of radioactivity in air, 

water, or surface contamination outside a radiologically 

controlled area. A radiologically controlled area is de-

fined as an area where radioactive material is intended 

to be handled. 

o Report if any individual receives a dose or dose 

commitment in a single exposure in excess of 10% of the 

quarterly standards as indicated in OOE Order 5480.1, 

Chapter XI, Section 4.a (1) and 49 (2)(a)2. 

o Request for any off-site radiological assistance. 

o Report loss of Type B or C sources. 

d. Personnel Incidents 

o Permanently disabling physical injuries in which the 

permanent nature of the injury is evident within ten 

days. 

o Any incident involving loss of consciousness due to 

inhalation of an airborne agent. 

e. Specific Incidents 

o Any incidents which fit the types described in 

Attachment 1 to OOE Order 5000.3, or the reporting, 

criteria described in paragraph 9 .b. of OOE Order 5000.3. 

3. Reporting Procedures 

Supervisors will follow procedures described on pages 28-4 

through 28-9. 
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Supervisor's responsibilities include immediate reporting, gathering, 

and reviewing information and follow-up. 

Unusual occurrences will be immediately reported (within 24 hours) 

by the Engineering Division or the EH&S Department to the DOE-SAN Office 

and Berkeley Site Office via telecon. 

The EH&S Department, in cooperation with the supervisor involved, 

will prepare the UOR on form DOE 5000.3 in accordance with SAN/MD 5000.3. 

Supervisors shall periodically assess their programs to lessen the 

possibilities of similar past and potential occurrences. 

For certain unusual occurrences, the Associate Director for the Engi

neering Division, or the Deputy for Occupational Health, may elect to have 

an investigation conducted. The Associate Director in whose division 

the incident occurred will be asked to appoint a board of senior division 

members to investigate. A written report will be sent to the Program 

Associate Director, with copies to the Associate Director for the 

Engineering Division and DOE-SAN (if applicable). 

Appointment of Investigation Boards 

1. A board of investigation shall consist of three to five members, 

one of whom is appointed as chairman. 

2. All members of Type A investigation boards shall be DOE 

employees. Type B investigation boards may consist of DOE employees, DOE 

contractor employees, or both, at the discretion of the head of the field 

organization. DOE employees appointed to a Type A investigation board, 

and DOE and DOE contractor employees appointed to a Type B investigation 
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board shall work for, and report to, the appointing official during the 

investigation. 

3. At least one of the members of the board shall be a trained 

accident investigator. 

4. All competencies should be considered in appointing each board, 

including managerial, scientific, professional, and investigative. 

5. The use of necessary consultants or advisors who are experts 1n 

certain areas or who are famililar with the operations or management of 

the program involved in the occurrence is encouraged. These persons may 

be contractor personnel. 

6. A superior and his/her subordinate shall not serve on the same 

board. 

7. Employees directly related to the operation or activity involved 

in the occurrence shall not serve on a board. 
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OPERATION OF HAZARDOUS EQUIPMENT 

The importance of having skilled, vigilant individuals to operate and 

monitor hazardous equipment cannot be overemphasized. Hence, it is very 

important that equipment operators have a strong interest in their jobs 

and a thorough knowledge of their equipment. Not only is it extremely 1m

portant that operators be thoroughly trained in the intricacies of the 

equipment they are operating, but they also must understand and appreciate 

the interactions of their equipment with other devices and systems in the 

immediate area. Their training must be sufficient to instill confidence 

1n their ability to deal with unusual and abnormal situations. 

Much reliance must be placed upon the operator of hazardous equip

ment. The best-planned monitor and surveillance system can be circum

vented by the inept actions of a disinterested or untrained operator. 

During emergency situations, monitoring and surveillance systems can 

function only to the extent planned 1n the original design. The well

trained operator has an advantage: he or shoe can analyze the situation 

and determine the most appropriate action to take. 

Supervisors for areas containing hazardous equipment must always be 

on the alert for the development of casual and indifferent attitudes that 

operators may develop toward their responsibilities. A false sense of 

security may result from continued uneventful operation of a hazardous 

device. 

General Guidelines 

1. Adequate numbers of trained supervisors and equipment operators 

must be on hand to assure safe operation of equipment during periods of 
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operation and during the periods of standby (when the equipment is in a 

potentially hazardous condition but not in operation). At no time should 

only~ person be involved in such operations. If, for instance, a 

person is working on electrical equipment (see Chapter 8) another person 

is required to be present. For work associated with some other kinds of 

equipment--such as hydrogen targets, high-pressure equipment, etc.--a 

second person must be within calling distance, but may be working on 

other equipment. As indicated in paragraph 4. below, some equipment may 

be left unattended with the permission of the Building Manager. 

2. Hazardous equipment may be operated only by trained persons 

certified for the operation of such equipment. They must be thoroughly 

familiar and practiced. They must recognize that they may be the only 

persons ~n the area technically qualified to handle emergencies involving 

their equipment. 

3. The person in charge must ensure that all safety rules and 

specific safety instructions are followed. 

4. Operators must be on duty in the experimental area whenever 

hazardous equipment contains a flammable or high-pressure fluid or gas. 

Such equipment must not be left unattended except in the event of an 

emergency that requires .evacuation of the area. However, with the knowl

edge and permission of the Building Manager, some hazardous equipment may 

be left unattended provided it is continuously monitored, suitably iso

lated, and interlocked. The Building Manager must be advised as to the 

status of the equipment and the hazards involved and must accept respons

ibility for carrying out the emergency procedures. 
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