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Foreward

This Site Safety Plan for the Environmental Restoration Division's environmental
investigations has been prepared specifically for the Lawrence Livermore National
Laboratory (LLNL) Site in Livermore, Calitfornia, on the basis of available data. This Health
and Safety Plan was written to comply with applicable requirements of Occupational Safety
and Health Administration regulations, including 29 CFR 1910.120, Hazardous Waste
Operations and Emergency Response. This document is intended as a gen-ral health and
safety plan for LLNL and will be supplemented by Operational Safety Procedures for
activities which are not sufficiently covered by this plan. As additional facts, monitoring
data, or analytical data on hazards become available, this Plan will be modified. It is the
responsibility of the co-Site Safety Officers (SSOs) to evaluate data that may impact health
and safety during these activities and to modify the Plan as appropriate. Either of the co-SSO
shall have the authority to institute any change that provides greater health and safety
protection for workers at the LLNL Site.

v



1. Emergency Contacts and Telephone Numbers

This list needs to be updated as necessary to reflect current personnel, telephone numbers,
positions and any other outdated information.

Local Contacts for All Emergencies
From Lawrence Livermore National Laboratory (LLNL) phones 911
Offsite Emergency Response 911

Hazardous Materials Information

Toxline (301) 496-1131

CHEMTREC (24-hour, gmergency only) (800) 424-9300

ORNL, Toxicology Information Response Center (615) 576-1743

LLNL Contacts

John P. Ziagos, Project Leader (510) 422-5479

Gerald Duarte, Co-Site Safety Officer (510) 423-2638
Beeper (510) 423-7705-3180

Robert W. Bainer, Co-Site Safety Officer (510) 422-4635
Beeper (510) 423-7705-5554

Contractor Contacts

Michael Dresen, Senior Project Hydrogeologist, Weiss Assoc. (510) 547-5420



Standard Procedures for Reporting Emergencies

When calling 911 for assis'ance in an emergency situation, the following information
should be provided:

1.

Name of person making -.all.

2. Telephone number and location of person making call.
3. Name of person(s) exposed or injured and location.

4.

5. Actions already taken.

Nature of emergency and type of exposure, when appropriate.

Never hang up first when calling
for emergency assistance. Wait
for the dispatch operator to
finish all questions.




2. General Information and Policies

The safety policy of LLNL is to take every reasonable precaution in the performance of
work to protect the environment and the health and safety of employees and the public, and
to prevent property damage. With respect to hazardous agents, this protection is provided by
limiting human exposures, releases to the environment, and contamination of property to
levels that are as low as reasonably achievable (ALARA). It is the intent of this Plan to
supply the broad outline for completing environmental investigations within ALARA
guidelines. It may not be possible to determine actual working conditions in advance of the
work; therefore, planning must allow the opportunity to provide a range of protection based
upon actual working conditions. Requirements will be the least restrictive possible for a
given set of circumstances, such that work can be completed in an efficient and timely
fashion.

Due to the relatively large size of the LLNL Sitc and the different types of activities
underway, site-specific Operational Safety Procedures (OSPs) will be prepared to supplement
activities not covered by this Plan. Although the LLNL Site is one operable unit for
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
compliance, Occupational Safety and Health Administration (OSHA) compliance would be
more readily implemented by developing OSPs for each activity not covered by this Plan.
These site-specific OSPs provide the detailed information for each specific activity and act as
an addendum to this Plan, which provides the general plan for LLNL Main Site operation.

Employees working at LLNL must follow the policies set forth in this Plan, as well as
LLNL and the U.S. Department of Energy (DOE) policies, procedures, and instructions. Of
special value are the LLNL Health and Safety Manual (Hazards Control Department, 1989)
and support provided by the LLNL Hazards Control Safety Team. Subcontractors musi
develop their own health and safety procedures, which may be modeled on those provided by
LLNL. These procedures must be reviewed and approved by the Site Safety Officer (SSO),
or a designee, prior to the initiation of work.

Each time the term SSO or co-
SSO is used, either the co-SSO
or a designee should take
responsibility or complete the
action.

Employees are encouraged to bring to the attention of their supervisor any unsafe or
hazardous condition that they observe as they carry out their responsibilities. The supervisor



shall then inform the SSO promptly so that the situation can be corrected and personnel can
be advised of an improved procedure. It is clearly impossible to anticipate all specific safety
and health hazards beforehand; therefore, all personnel must exercise common sense and
good judgment in their approach to a given situation.

The Health and Safety Training described in Section 9 of this decument will assist in
preparing indi\ :duals to recognize hazards. This document incorporates appropriate rules,
guidelines, and recommended work practices contained in previously published material. All
personnel potentially exposed to physical or chemical hazards as described in this Plan shall
follow the safety and health procedures set forth herein.

Any modifications to this Plan will be issued as attachments to this document.



3. Summary of Background Information

LLNL is located about 40 miles east of San Francisco, California, in the Livermore
Valley of eastern Alameda County approximately 3 miles east of Livermore. LLNL is
operated by the University of California for the DOE. The Laboratory was established in
1952 to conduct nuclear weapon and other research. LLNL also carries out a variety of
project work for other Federal and State agencies. In the 1940s, the Livermore Air Station
was operated on the LLNL Site by the U.S. Navy.

The DOE is required to maintain an environmental protection program and has
implemented the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) through DOE Order 5480.14. Under Environmental Protection Agency (EPA)
oversight, the responsibility for conducting the remedial investigation and feasibility study of
the LLNL Site is vested in the LLNL Ground Water Project, which is part of LLNL's
Environmental Protection Department, Environmental Restoration Division (ERD).

During installation assessment of the LLNL Site, five areas were identified as CERCLA
hazardous waste disposal sites as defined in DOE Order No. 5480.14. The five areas are: (1)
the southwest quadrant of the Laboratory and offsite area to the west, (2) the gasoline spill
area near the former Building 403, (3) the southeast section, (4) the east-central section, and
(5) the remainder of site area, which includes all areas not in areas 1 thrcugh 4. These areas
are now combined in a single operable unit for CERCLA compliance.

In 1983, LLNL began a ground water study beneath the LLNL Site and vicinity. Initial
findings from that study indicated that volatile organic compounds (VOCs) were present in
ground water. Ongoing investigations have indicated the presence of a variety of substances
in ground water and soil. On the basis of analytical results, the substances present in
concentrations greater than California Department of Toxic Substances Control (DTSC) or
EPA Action Levels include:

» Trichloroethylene (TCE). 1,2-Dichloroethylene (1,2-DCE).
* Tetrachloroethylene (PCE). e Chloroform.

¢ Carbon tetrachloride (CClyg). e 1,1-Dichloroethylene (1,1-DCE).
e 1,1-Dichloroethane (1,1-DCA).
e 1,2-Dichloroethane (1,2-DCA).

Tritium.

Sampling results have shown several locations with VOCs in ground water in the part-
per-billion (ppb) range and several areas where concentrations greater than 1 part per million
(ppm) were detected. In one area, one well contains tritium above the drinking water
standard of 20,000 pCv/L.

Results of Ground Water Project chemical analyses for the Gasoline Spill Area also
identified the presence of:

* Benzene. * Xylene isomers.

* 1,2-Dichloroethane (1,2-DCA). * Total fuel hydrocarbons (TFH).



e Toluene. e Ethlyene dibromide (EDB).

Other work activities may pose potential exposures or problems due to:

* Heat stress. . Heavy equipment.
* Noise. . Confined space entry.
e Nuisance dust. . Electrical hazards.

This plan addresses health and safety issues related to the various tasks and phases for the
environmental work planned and ongoing at LLNL. Technical issues and specifications for
the scope of work are presented in the specific LLNL quality assurance, work, and closure
plans and in the Standard Operating Procedures manual. Copies of the specific LLNL
Quality Assurance Plan, and closure plans, as well as The Standard Operating Procedures
manual referred to in the LLNL Health and Safety Manual are available for ready reference in
the ERD office. The SSO should review these documents in order to correctly carry out
assigned responsibilities and to assist in presenting pertinent health and safety concerns to
site workers.



4. Organization, Responsibilities, and Authority
Key personnel are listed below by name, title, address, and telephone number.

William M. McConachie

LLNL Ground Water Division Leader
L-619, P.O. Box 808

Lawrence Livermore National Laboratory
Livermore, CA 94551

(510) 423-3501

Johr P. Ziagos

LLNL Ground Water Project Leader
L-619, P.O. Box 808

Lawrence Livermore National Laboratory
Livermore, CA 94551

(510) 422-5479

Gerald Duarte

Co-Site Safety Officer

L-619, P.O. Box 808

Lawrence Livennore National Laboratory
Livermore, CA 94551

(510) 423-2638

Robert W. Bainer
Co-Site Safety Officer
L-619, P.O. Box 808
Lawrence Livermore National Laboratory
Livermore, CA 94551
(510) 422-4635
“The ERD Leader has ultimate authority over the overall operations of the site. He
approves changes in the scope of the operations, contractors bids, schedules, etc.

The LLNL Ground Water Project Leader has ultimate authority over the overall operation
of the site in the absence of the ERD Leader. He also has the responsibility to ensure that all
operations are conducted by the SSO’s in accordance with this Site Safety Plan.

Health and safety activities are important during all phases of any project. The degree of
implementation of the activities or services is related to the perceived risk. The SSO shall
have the responsibility to determine health and safety needs for this project and the authority
to ensure that appropriate measures are taken. All site personnel shall comply with the
requirements of this plan and cooperate with project management in its implementation. Itis
the responsibility of all site personnel to immediately report any of the following to the SSO:

A. All accidents or injuries.
B. Unsafe or malfunctioning equipment.

C. Any symptoms or signs of chemical exposure.



E.
F.

Unexpected or uncontrolled releases of chemicals.
Unauthorized personnel entry onto the site.

Any changes in the site conditions which might adversely affect the health and safety
of personnel.

The SSO shall immediately inform the Project Leader, John P. Ziagos (510) 422-5497, of
any health and safety conditions that may adversely affect the project.

The SSO, or a designee, has the authority to:

Obtain information and assistance from Hazards Control Safety Team Four or other
appropriate support as warranted.

Require specific health and safety precautions prior to work site entry by LLNL and
contracior personnel, and ensure that personnel adhere to requirements of this Plan.

Require any LLNL or contractor employee to obtain immediate medical attention in
case of an injury or illness.

Deny LLNL and/or contractor personnel access to any LLNL work site.

Establish an area in the support zone upwind of the work zone where personnel are to
gather if there is an evacuation from the work zone.

Order the itnmediate evacuation of LLNL and/or subcontractor employees from any
work site when hazardous conditions arise in the course of work.

Permit visitors (i.e., anyone other than an LLNL or contractor employee) at work sites
only at the direction of, and with the permission of, responsible LLNL personnel.
Visitors shall abide by the requirements specified in this Plan and, when possible,
shall be restricted from areas of potential exposure to hazardous substances.

Monitor LLNL and contractor operations for the existence of hazardous conditions,
and monitor personnel for signs of exposure, heat stress, fatigue, etc.

Evaluate results of the monitoring program and determine its impact on future
operations.

Ensure that environmental and personnel monitoring operations are ongoing and
carried out in accordance with technical specifications, procedures, and project
instructions.

Monitor site conditions during operations to determine whether any changes in work
zones or personnel protection are required.

Ensure that proper personal protective equipment (PPE) is are available and worn by
onsite personnel, and ensure that PPE and other equipment are maintained and
properly stored.

Ensure that work areas are kept clean and orderly to control potential general safety
hazards.

Know the emergency procedures and contacts.



The SSO will review and update the Plan every 3 years or as necessary to ensure that the
listed organizational structure reflects the current status of the site operations. The review
will reflect changes in technology, operation, contamination, etc. The SSO will also conduct
work site safety briefings to cover the contents of this Plan, safe work practices, PPE use, and
emergency procedures.

All LLNL and subcontractor personnel assigned to this project are responsible for
following this Plan, using safe work practices, and wearing the PPE specified by the SSO.
The SSO shall inform all subcontractors of emergency response procedures and known
hazards of the operations prior to site entry. Project personnel shall report hazards and unsafe
conditions and practices to the SSO. Project personnel must comply with all Federal, State,
and local health and safety regulations.

This Plan and supporting health and safety documents must be available for review and use
by the SSO, cognizant regulatory agencies, and all project personnel.

The Team Leader of Environmental Safety and Health (ES&H) Team 4 (Hazards Control
Department) provides an interface between the members of Team 4 and ERD. The health
and safety professionals and technicians assigned to Team 4 provide support and technical
services to the SSO or a designate as requested and required by LLNL policy.
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S. Medical Screening Program

The purpose of the medical screening program is to assess the health status of personnel
prior to work, monitor personnel for evidence of postproject adverse health effects, and
determine the suitability of individuals for future work assignments of this type. All
personnel who will be working on this project must undergo a medical evaluation before
participating in these operations. If the SSO determines that significant exposure to
hazardous materials is encountered in these operations, a follow-up medical exam shall be
conducted on the exposed individuals.

Baseline and periodic health assessments for project personnel shall be consistent with
LLNL requirements and OSHA regulations prescribed in 29 CFR 1910, especially those in
1910.120, Hazardous Waste Operations and Emergency Response.

At a minimum, the examination should include:

* Medical and organizational listories.

* Physicai examination.

* Vision test.

¢ Urinalysis.

* Blood chemistry panel and complete blood count.

e Pulmonary function tests and respirator use clearance.
Optional tests include:

e X-rays.

* Electrocardiograms.

» Bioassays for specific compounds, if recommended by the examining physician due
to previous or expected exposures.

Due to the low risk of acute exposure, additional medical monitoring specific to this
project is not anticipated.

If an individual has completed an occupational medical exam within the past 12 months,
the examining physician may determine that another complete exam is unnecessary.

In addition to the medical screening program, a medical surveillance program will be
provided by the LLNL ERD for its employees when one or more of the following items are
applicable:

A. All employees who are or may be exposed to airborne levels of hazardous substances
above OSHA Permissible Exposure Limits (PEL) or, in the absence of PEL, other
published exposure limits, without regard to the use of respirators, for 30 days or
more per year.

B. All those who use a respirator for 30 or more days per year or are required to do so
under 29 CFR 1910.134 Respiratory Protection.

11



C.

All employees who are injured due to overexposure from an emergency incident
involving hazardous substances or health hazards.

Employees covered by the medical surveillance program will be given medical
examinations and consultations at the following frequency:

A
B.

Prior to assignment.

Annually unless attending physician extends the interval up to 2 years or decreases
the interval as medically necessary.

At termination of employment or reassignment to another area where employee will
not be under medical surveillance if the employee has not had an examination within
the last 6 months.

As soon as possible after development of signs or symptoms indicating overexposure
to hazardous substances above PEL or other published exposure levels in an
emergency situation.

Medical examinations will include a medical and work history (or updated history if one
is in the employee's file) with special emphasis on: symptoms related to the handling of
hazardous substances, health hazards of these substances, and fitness for duty, including the
ability to wear any required PPE under the conditions (i.e., temperature extremes) that may
be expected at the work site. All medical examinations and procedures shall be performed by
or under the supervision of a licensed physician.

The attending physician will be provided with the following information by the site safety
officer or supervisor in conjunction with Hazards Control:

A

B.

C.

D.

E.

A description of the employee's duties as they relate to employee's exposures.
Tl employee's exposure levels or anticipated exposure levels.

A description of any personal protective equipment used or to be used. If respirators
are to be worn, then information will be provided concerning the type, anticipated
periods of use, workloads, etc., as required by 29 CFR 1910.134.

Where feasible, information from previous medical examinations of the employee
which is not readily available to the examining physician.

A copy of this standard and its appendices.

LLNL Health Services will provide each covered employee with a written opinion from
the attending physician containing the following:

A. A summary of the results of the examination.

B.

C.

An opinion as to whether the employee has any detected medical conditions which
would place the employee at increased risk of impairment of the employee's health
from work in hazardous waste site operations or from the use of respirators. The
written opinion shall not reveal specific findings or diagnoses unrelated to occupa-
tional exposure.

Any recommended limitations upon the employee's assigned work.

D. Any medical conditions which require further medical examination or treatment.

12
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An accurate record of the medical surveillance required by this standard shall be retained
in accordance with 29 CFR 1910.20. The record shall include at least the following items:

A.
B.

C.
D.

Employee's name and social security number.

Physician's written opinion, recommended limitations, and results of examinations
and tests.

Any employee medical complaints related to exposure to hazardous substances.

A copy of the information provided to the examining physician by the employer
with the exception of the standard and its appendices.

Employees who may be exposed to chemical hazards while performing project work
must receive medical screening. LLNL will screen at-risk LLNL employees, and contract
firms will screen their at-risk employees, as specified in their contracts with LLNL and DOE.

13
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6. Hazard Evaluation

The potential hazards associated with the environmental investigations and clean up of
the LLNL Site include:

Chemical hazards Physical hazards

e Trichloroethylene (TCE). . o
 Tetrachloroethylene (PCE). * Heavy equipment (drill rig,
«  Carbon tetrachloride (CCly). backhoe, crane).

« 1,1-Dichlorethane (1,1-DCA). * Noise.

« 1.2-Dichloroethane (1,2-DCA). * Heat stress.
 L2-Dichloroethylene (1,2-DCE) : %ﬁ%‘gggﬁd stilitios

. oroform. : Ut :

« 1,1-Dichloroethylene (1,1-DCE). . glﬁ: ggalexplosm-

. .ti . ] .

. ggn;errr:e. * Confined space.

. 1 ;

. ;r((;,lléigz_ General Safety Hazards

¢ Gasoline and diesel fuel.

Hazards to Nonproject Personnel

These particular hazards have been identified from existing knowledge of site conditions
and prior site activities, and represent likely or potential hazards to site personnel during the
environmental investigations. It is possible, however, that unforeseen hazards could be
encountered during site work. In the event that any such encounter occurs, work should
cease and the SSO should be informed as soon as possible so that the situation can be
evaluated and appropriate steps can be taken by the SSO to address the safe resumption of
work.

6.1. Chemical Hazards

Because analytical and operational monitoring data demonstrate negligible or very low
concentrations for many VOCs, this evaluation has been restricted to a consideration of
benzene, carbon tetrachloride, chloroform, 1,1-DCA, 1,2-DCA, 1,1-DCE, 1,2-DCE, diesel,
gasoline, PCE, TCE, tritium, toluene, and xylenes. These chemicals may enter the body
through inhalation, ingestion, or skin absorption. They may enter by more than one route,
may cause damage at the point of entry, or may cause organ damage after being metabolized.
During project activities, ingestion is unlikely. Pertinent data are summarized below.

6.1.1. Benzene

Odor Aromatic odor.
Odor threshold Approximately 4.7 ppm.
Fire potential Dangerous; when exposed to heat or flame, can react vigorously

with oxidizing materials.
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Flammable limits

Explosive limits

Exposure

OSHA PEL

ACGIH TLV
NIOSH

IDLH

Odor

QOdor threshold
Fire potential
Exposure

OSHA PEL

ACGIH TLV
NIOSH
IDLH

6.1.3. Chloroform

Odor
Odor threshold
Fire potential

Exposure

OSHA PEL
ACGIH TLV
NIOSH
IDLH

6.1.4. 1,1-DCA

Odor
Odor threshold
Fire potential

Flammable limits

Lower Flammable Limit (LFL) 1.3%, Upper Flammable Limit
(UFL) 7.9%.

Lower Explosive (LEL) 1.3%, Upper Explosive Limit (UEL)
7.1%.

Irritating to eyes, nose, and throat at high concentrations.
Prolonged exposure may affect the blood-forming system.
Symptoms: nervous excitation and giddiness followed by
depression, drowsiness, or fatigue, and a tightness in the chest.
Time-Weighted Average (TWA) 1 ppm; Short-term Exposure
Limit (STEL) 5 ppm.

TWA 10 ppm; a suspected human carcinogen.

TWA 0.1 ppm; Ceiling Exposure Limit (CEIL) 1 ppm; a human
carcinogen (leukemia).

2,000 ppm.

6.1.2. Carbon tetrachloride (CCly )

Heavy, ether-like odor.
50 ppm.
Not combustible.

Primarily a narcotic, but prolonged exposure can cause liver and
kidney damage. Symptoms: drowsiness, dizziness, and
incoordination.

TWA 10 ppm; CEIL 25 ppm; maximum peak (PEAK) 200 ppm,
5 minutes in any 4 hours (transitional limits). TWA 2 ppm (final
limit).

TWA 5 ppm; skin; a suspected human carcinogen.

CEIL 2 ppm; a human carcinogen (liver).

300 ppm.

Pleasant; ether-like; nonirritating.
50 to 200 ppm.

Nonflammable, but will burn on prolonged exposure to flame or
high temperature.

Irritating to eyes, nose, and throat. Symptoms: headache,
dizziness, drunkenness, and narcosis.

STEL 50 ppm (transitional limit); TWA 2 ppm (final limit)
TWA 10 ppm; a suspected human carcinogen.

CEIL 2 ppm; a suspected human carcinogen.

1,000 ppm.

Aromatic, ether-like odor.
88-200 ppm.

Very volatile flammable liquid.
LFL 5.9%, UFL 15.9%.
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Explosive limits
FExposure

‘OSHA
ACGIH TLV
IDLH

6.1.5. 1,2-DCA

Odor

Odor Threshold
Fire Potential
Flammable limits
Explosive limits
Exposure

OSHA PEL

ACGIH TLV
NIOSH
IDLH

6.1.6. 1,1-DCE

Odor

Odor threshold
Fire potential
Flammable limits
Explosive limits
Exposure

OSHA
ACGIH TLV

6.1.7. 1,2-DCE

Odor

Odor threshold
Fire potential
Flammable limits
Exposure

OSHA PEL
ACGIH TLV
IDLH

LEL 5.6%, UEL 11.4%.

A narcotic and can also cause damage to liver, kidneys, and
lungs. Symptoms: drowsiness.

TWA 100 ppm.
TWA 200 ppm; STEL 250 ppm.
4000 ppm.

Mild, sweet odor resembling that of chloroform.
50 ppm.

Very volatile flammable liquid.

LFL 6.2%, UFL 15.9%.

LEL 6.2%, UEL 16%.

Irritating to eyes, nose, and throat. Symptoms: nausea, dizziness,
and vomiting.

TWA 50 ppm; CEIL 100 ppm; PEAK 200 ppm, 5 minutes in any
3 hours.

TWA 10 ppm.
TWA 1 ppm; CEIL 2 ppm; a suspected human carcinogen.
1,000 ppm.

Muild, sweet odor resembling that of chloroform.
500 to 1,000 ppm.

Very volatile flammable liquid.

LFL 7.3%, UFL 16%.

LEL 5.6%, UEL 11.4%.

Irritating to eyes, nose, and throat. Symptoms: nausea, dizziness,
and drunkenness.

TWA 1 ppm (final limit).
TWA 5 ppm; STEL 20 ppm.

Ether-like, slightly acrid odor.
0.1 ppm.

Very volatile flammable liquid.
LFL 9.7%, UFL 12.8%.

Irritating to eyes, nose, and throat, and a narcotic. Symptoms:
dizziness and drowsiness.

TWA 200 ppm.
TWA 200 ppm.
4,000 ppm.
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6.1.8. Diesel

Odor
Fire potential

Exposure

ACGIH TLV

6.1.9. Gasoline

Odor
Fire potential

Flammable limits
Exposure

ACGIH TLV:

6.1.10. PCE

Odor

Odor threshold
Fire potential
Exposure

OSHA PEL

ACGIH TLV
IDLH

6.1.11. TCE

Odor

Odor threshold
Fire potential
Flammable limits
Explosive limits
Exposure

OSHA PEL

ACGIH TLV

Characteristic of petroleum distillate.

Flash point 85°C; fire hazard greater if liquid temperature
exceeds 85°F; may explode if pressure is used to empty drums.

Irritating to eyes, nose, and throat; central nervous system
depressant if inhaled; possible carcinogen. Symptoms:
headache, dizziness, loss of appetite, weakness, and loss of
coordination. Incomplete combustion produces carbon
monoxide; toxic fumes may accumulate.

Not established. Reduce exposure to lowest feasible level.

Characteristic of gasoline; threshold, 0.25 ppm.

Flammable; flashback along vapor trail may occur. Vapor may
explode if ignited in an enclosed area.

LFL 1.4%, UFL 7.4%.

Irritating to eyes, nose, and throat. Symptoms: irritation of
mucous membranes, dizziness, headache, incoordination,
anesthesia, and coma.

TWA, 300 ppm; STEL, 500 ppm.

Chloroform-like odor.
S ppm.
Nonflammable.

Irritating to eyes, nose, and throat. Symptoms: affects central
nervous system, causes anesthesia.

TWA 100 ppm; CEIL 200 ppm; PEAK 300 ppm, 5 minutes in
any 3 hours.

TWA 50 ppm; STEL 200 ppm.
500 ppm.

Chloroform-like odor.
50 ppm.

Low fire hazard.

LFL 8%, UFL 10.5%.
LEL 12.5%, UEL 90%.

Irritating to eyes, nose, and throat. Symptoms: nausea, blurred
vision, and disturbance of central nervous system.

TWA 100 ppm; CEIL 200 ppm; PEAK 300 ppm, 5 minutes in
any 2 hours (transitional limits). TWA 50 ppm; STEL 200 ppm
(final limits).

TWA 50 ppm; STEL 200 ppm.
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NIOSH
IDLH

6.1.12. Tritium (3H)

Half-life:

TWA 25 ppm; a suspected human carcinogen.

1,000 ppm.
Physical: 12.3 years.
Biological: ~10 days (range: 4-18) total body for HTO.

Special Chemical and Biological Characteristics:

Not selectively concentrated in any organ. Metabolized as H20.
Tritium is assumed to be readily and completely absorbed by the
body and to be distributed evenly throughout the body.

Principal Human Metabolic and Dosimetric Parameters

6.1.13. Toluene

Odor
Odor threshold
Fire potential

Flammable limits
Explosive limits
Exposure

OSHA PEL
ACGIHTLV

NIOSH
IDLH

6.1.14. Xylenes

Odor

Odor threshold
Fire potential
Flammable limits

Exposure

OSHA PEL

ACGIH TLV

f1=10.
ALI (LCi) = 8.1 ¥ 104 (HTO).
DAC (uCi/cm3)= 2.2 ¥ 107 (HTO).

Sweet, pungent, benzene-like odor.
0.17 to 2.1 ppm.

Flammable liquid ignitable under almost all normal temperature
conditions.

LFL 1.2%, UFL 7.1%.
LEL 1.2%, UEL 7.1%.

Irritating to eyes, nose, and throat. Symptoms: dizziness,
headache, and anesthesia.

TWA 200 ppm; CEIL 300 ppm; PEAK 500 ppm, 10 minutes
(transitional limits). TWA 100 ppm; STEL 150 ppm (final
limits).

TWA 100 ppm; STEL 150 ppm.

TWA 100 ppm; CEIL 200 ppm.

2,000 ppm.

Like benzene.

0.05 ppm.

Material is flammable and can form explosive mixtures with air.
XILM: LFL 1.1%, UFL 6.4%.

XLO: LFL 1.1%, UFL 7.0%.

XLP: LFL 1.1%, UFL 6.6%.

Irritating to eyes, nose, and throat. Symptoms: headache,
dizziness, coughing, and pulmonary edema.

TWA 100 ppm (transitional and final limit).
STEL 150 ppm (final limit).
TWA 100 ppm; STEL 150 ppm.
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NIOSH TWA 100 ppm; CEIL 200 ppm.
IDLH 1,000 ppm.

Exposure limits, detectable limits, and other references to airborne chemical
concentrations given are for vapors in air. Concentrations encountered in soil and ground
water are several orders of magnitude lower than the specified limits. Therefore, even direct
contact with soil and ground water in the field and exposure to associated vapors would not
constitute acute exposures at high concentrations. Some operations may involve the use of
hazardous substances which are not hazardous wastes, but are used in the operations or stored
onsite. For example, hydrogen peroxide (50%), which is a strong oxidizer, is used on some
sites to wreat ground water contamination. The SSO and/or site supervisor will ensure that all
site employee's are trained in accordance with 29 CFR 1910.1200, Hazard Communication,
and the LLNL Health and Safety Manual Supplement 7.02 (formerly 1.02). The acronyms
that describe exposure limits are defined in Appendix A. Material Safety Data Sheets
(MSDS) for the compounds listed above are included in Appendix B.

6.1.15. Respiratory Hazards

The respiratory hazards associated with work activities are exposure to vapors, gases, or
dusts during drilling, well installation, water sampling, tank excavation, de:.ontamination,
and other operations. It is not anticipated that exposure levels in excess of recommended
PELs or TLVs will be encountered. Air monitoring will be conducted, as discussed in
Section 8. The open-air environment at the site should provide adequate ventilation to reduce
potential respiratory hazards to very low or negligible levels.

6.1.16. Dermal Hazards

Dermal hazards result from direct contact of solids, liquids, or vapors with the skin.
Since the potential for vapor contact is low, dermal hazards from vapors are expected to be
negligible. Direct contact with contaminated soil and ground water in the field would not
generally result in dermal effects. However, good hygienic practices, and the fact that these
chemicals may be absorbed through the skin, warrant protecting the skin.

Based upon previous experience at this and other sites, it is anticipated that direct skin
contact is unlikely to occur if protective clothing and/or protective equipment is used.

6.2. Phkysical Hazards

Working conditions at the site involve potential exposure to the physical hazards discussed
below.

6.2.1. Heavy Equipment

The hazards associated with heavy equipment, especially drilling rigs, primarily involve
moving parts and exposure to possible pinch points. Safety protection, including equipment
guards, will be provided to mitigate this problem. In addition, no loose hair will be allowed
around the heavy equipment, and only qualified personnel will operate machinery. Hard hats
and steel-toed boots will be wom by all personnel operating or working in proximity to heavy
equipment. Refer to Appendix E for additional safety infn: _ation concerning drilling rigs.
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6.2.2. Noise

The site operations are monitored for detection of excessive noise levels. When a survey
indicates that hearing protection is necessary, appropriate hearing protection devices will be
provided to field personnel. The use of hearing protection is required in those high noise
areas when excessive sound levels are present.

Noise exposure is primarily associated with heavy equipment, steam cleaning, and air
compressors. Based upon previous experience, it is not anticipated that the noise levels will
be of concern. Ear protection is provided for all field personnel, and its use is encouraged
when appropriate for personnel comfort.

6.2.3. Heat Stress

Heat stress is associated with exposure to high temperatures, wearing protective clothing,
and physical exertion. Temperatures at the site can exceed 100°F on occasion. Drinking
water is available onsite, and appropriate breaks shall be taken if temperature and levels of
personal protection so dictate. Based upon previous experience and work performed at this
site, it is not anticipated that heat stress will be a major concern.

Personnel will inform the SSO of any symptoms of heat stress, such as:

» Weakness and fatigue. * Nausea.
* Dizziness. * Headache.

The SSO will be alert to signs of heat stress in site personnel and increase the frequency
of breaks and fluid consumption as necessary.

6.2.4. Excavations

Open excavations are dangerous because personnel may fall into the excavation or the
side walls may collapse while personnel are inside the excavation. To minimize these
hazards, each excavation shall be barricaded as described in Section 10.2. Also, the
excavation walls shall be properly sloped or shored before allowing anyone to enter the
excavation. Personnel not directly involved in excavation activities or who do not need to be
in the area will remain at least 10 feet away from the edge of the excavation. Work in or
around excavations shall be carefully planned in consultation with the SSO regarding
protective measures and equipment use. Additional information regarding necessary
precautions and Cal/OSHA requirements is presented in Appendix C.

6.2.5. Confined S~ace Entry

Although no coufined space entries are currently anticipated, employees will be trained in
what types of areas might be confined spaces. When entry into a confined space is necessary,
Hazards Control will be contacted to obtain a confined space entry permit. The procedures
required by the LLNL Health and Safety Manual Supplement 26.14, "Working in Confined
Spaces," and the 29 CFR 1910.146 Permit Required Confined Spaces will be followed.
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6.2.6. Overhead Power Lines

No equipment shall be operated closer than 15 feet in any direction to overhead power
lines. Operation closer than 15 feet may be permitted only when overhead power lines have
been deenergized, locked, and tagged out.

6.2.7. Underground Utilities

Prior to any drilling or excavation all underground utilities will be located by licensed
utility locators and/or LLNL Plant Operations personnel.

6.2.8. Fire and Explosion

It is not anticipated that ground water and soil contaminants exist at concentrations
sufficient to create fire and explosion hazards during routine drilling and sampling activities.
Removal of underground tanks could create a potential for fire and explosion hazards. [Refer
to the LLNL Site Safety Plan for Tank Excavation and Removal of Underground Storage
Tanks at Buildings 401, 402, and 411 (October 29, 1988) or information on the safety
considerations associated with underground tank removal.]

Several chemicals that may be encountered at the site during tank excavation are highly
flammable liquids, and they are explosion hazards if vapors are present at levels above the
lower explosive limit (LEL).

Chemical Name LEL (% by volume in air)
Benzene 1.3
Gasoline 1.4
Xylenes 1.0

To minimize explosion hazards, all tanks and piping will be emptied and flushed prior to
excavation. All piping will be disconnected from tanks, the tanks emptied, and dry ice
applied to the tank interior to displace oxygen prior to tank removal. The atrnosphere inside
the tank will be monitored with a combustible gas indicator prior to removai. At least one
20-pound dry chemical fire extinguisher will be available. No hot work or open flames will
be allowed in the work area without the express authorization of the SSO and the Fire
Department, and ensuring appropriate safety controls being implemented. It is anticipated
that concentrations of these substances in fill or soil materials will be sufficiently low to
present no fire hazard. However, the detection of fu.! products in fill and soil materials shall
be cause to initiate the evaluation for vapors with respect to fire, explosion, and personnel
exposure.

6.2.9. Electrical Hazards

Ignorance of basic electrical principles and misuse of electrical equipment contribute to
many accidents. The electrical resistance of the human body can be drastically reduced by
working with wet tools, in wet or damp locations, inside tanks and boilers, or around metal
piping or other grounding materials. Other factors that affect the severity of electrical
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injuries include the path of the current through the body, the vital organs in that path, and the
duration of the current through the body.

There are many ways an employee can come into contact with energized circuits. The
most common way is contact with exposed live parts and overhead or buried power lines.
When working in the vicinity of live electrical parts, such as exposed wires, switches, or
contacts, the parts must be guarded from contact by effective insulation or other means. If
that is not possible, the circuit must be de-energized and visibly grounded. Pertinent
information on electrical safety can be found in Appendix D.

6.3. General Safety Hazards

Other possible safety hazards include the potential for slipping, falling, head trauma,
lifting heavy objects, insect bites, etc. All personnel working on the project will wear
appropriate PPE, including eye protection, head protection (hard hat), and steel-toed boots as
required by the SSO. At a minimum, EPA Level D protection is required. First aid will be
available onsite to take care of any minor injuries. Contact Emergency Response Dispatch
(911) in emergency situations more serious than cuts or scrapes (offsite, dial 911).

Contact Emergency Response Dispatch
(911) in emergency situations more
serious than cuts or scrapes.

6.4. Hazards to Nonproject Personnel

Potential risks to project personnel have been outlined above. Potential risks to other
persons on the site, who are not working on this project, are exposure to vapors, gases,and
chemicals in soil or ground water and the physical hazards associated with heavy equipment.

Air monitoring will be conducted to minimize the possibility of public and personnel
exposure to vapors and gases. These procedures are described in Section 8. Due to the open-
air environment at the site and the fact that the work zone will be barricaded, the risk to the
public and LLNL personnel is expected to be negligible.
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7. Emergency Actions

7.1. Planning

The SSO shall plan escape routes and discuss them with project personnel before they
enter a site to begin work. Initial planning includes establishing the best means for
evacuation from the site in case of a catastrophe (e.g., explosion, tank rupture, fire, etc.).

7.2. Emergency Services

A tested system must be in place for rapid and clear distress communications, preferably
voice, from all personnel to the emergency response unit of the LLNL Fire Department and
the SSO. The SSO shall ensure that all personnel working at the site know how to
communicate with the LLNL Emergency Response Dispatch at 911 (Offsite, dial 911). The
SSO shall notify appropriate local emergency response units, and provide adequate and clear
directions to reach LLNL work sites from the location of those units before beginning any
onsite investigations or operations. All personnel shall have adequate and clear directions
and access to personnel transportation (e.g., keys in ignition) to local emergency services.

7.3. Evacuation
If evacuation is necessary, all personnel will proceed to a predetermined location in the

support zone upwind of the work zone.

The predetermined evacuation route and assembly location will be specified at each site.
ERD employees and subcontractors will evacuate the worksite and not directly assist in
handling the emergency.

The signal for evacuation will be
three shert blasts in succession
on an air or car horn.

7.4. Emergency Evacuation From Contaminated Areas

Any person requiring medical attention shall be evacuated promptly from any
contaminated area. However, personnel shall not enter an area to attempt a rescue if their
own lives would also be threatened because of inadequate personal protection (e.g., oxygen-
deficient atmosphere and no self-contained breathing apparatus). Contact the LLNL
Emergency Response Dispatch at 911 to evacuate any person from any area of the site if
necessary and to provide special decontamination treatment or procedures for any injured
person. The SSO shall order evacuation of any person whose PPE fails.
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Contact Emergency Response Dispatch at
911 for evacuation or decontamination

treatment or procedures (from offsite, dial
911).

7.5. First Aid

Qualified personnel shall give first aid and stabilize any employee needing assistance.
Life support techniques such as CPR and treatment of life-threatening problems, such as
bleeding, airway maintenance, and shock, shall be given top priority. Professional medical
assistance shall be obtained at the earliest possible opportunity. If assistance beyond first aid
is required, phone the LLNL Emergency Response Dispatch at 911.

Maintain a first aid kit and portable eyewash in the support zone. When drilling, these
items should be kept in a clean location near or on the drill rig.

Emergency first aid procedures for organic compounds.

Exposure Procedures
Eyes Flush eyes immediately with fresh water for at least 15 minutes while holding
the eyelids open. Call LLNL Emergency Response Dispatch at 911
immediately.
Skin Wash skin thoroughly with soap and water. See a doctor if any unusual signs
or symptoms or if any skin irritation occurs. Launder contaminated clothing.
Inhalation Move exposed person to fresh air. If breathing has stopped, apply artificial
respiration. Call LLNL Emergency Response Dispatch at 911 immediately.
Ingestion If swallowed, DO NOT make person vomit. Call LLNL Emergency Response

Dispatch at 911 immediately.

7.6. Fire

Call the LLNL Fire Department at 911 in the event of any fire.
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7.7. Hazardous Materials Spill

For spills greater in volume than one gallon, call LLNL Emergency Response Dispatch at
911. Refer to the appropriate MSDS (see Appendix B) for special instructions regarding
cleanup or spills.

7.8. Guidelines

If any emergency involving actual or suspected personal injury occurs, the SSO, work
supervisor, and surviving personnel shall follow these steps:

Remove the exposed or injured person(s) from immediate danger.

Render first aid if necessary. Decontaminate affected personnel at the LLNL Medical
Facility, Building 663.

Obtain paramedic service or ambulance transport to local hospital by calling the
LLNL Emergency Response Dispatch at 911. This procedure shall be followed even
if there is no visible injury.

Other personnel onsite shall be evacuated to a safe distance until the Fire Department
determines that it is safe for work to resume.

At the earliest time practicable, the SSO shall contact the Project Leader or a designee
and Hazards Control, giving details of the incident and the steps taken to prevent its
recurrence.

A written report of the incident must be forwarded to the Project Leader or a designee
within 24 hours following the incident.

Subsequent reporting shall be completed according to the requirements of the LLNL
Health and Safety Manual, Section 4: Incident Analysis and Reporting.
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8. Personal Protective Apparel and Equipment

Suggested item specifications and descriptions in this section are for information only.
Equivalent items may be purchased.

8.1. Personnel Protection

The nature of this work is such that several potentially hazardous conditions could be
encountered. It is not possible to determine in advance of actual conditions all protective
requirements. Items specified below are intended to allow the SSO the latitude to provide a
range of protection based upon actual working conditions. Where feasible, engineering
controls in accordance with 29 CFR 1910, Subpart G and work practices are used to prevent
exposure of employees to hazardous substances above their PEL or other published exposure
limit if no PEL exists. However, when such is not feasible or not required, a reasonable
combination of engineering controls, work practices, and PPE will be used. PPE selection is
made to protect the employees from hazards or potential hazards at the site in accordance
with 29 CFR 1910, Subpart I, Personal Protective Equipment.

The proper use and selection of PPE include consideration of at least the following items:
A. Proper usage procedure (i.e., donning and doffing).

B. Equipment limitations (i.e., reduced dexterity, vapor versus liquid contact, hazardous
substance and concentration, and temperature).

Anticipated duration of use.
Maintenance and storage requirements.
Decontamination and disposal.
Inspection procedures.

Heat and cold stress, activity levels, and other medical consideration.s.

mQmmy O

Employee training and fitting of equipment.

The use of employee rotation in order to achieve compliance of employee exposures to
hazardous substances with PEL's is not anticipated and would only be used when no other
feasible means is available (i.e., a reasonable combination of engineering controls, work
practices, PPE, etc.).

At a minimum, EPA Level D protection shall be worn during investigations at the
Livermore Site. It is not expected that higher levels of protection would be required often.

Depending upon the circumstances and the hazards present at a given site, the level of
PPE will be determined by Hazards Control Team 4. Some of the items recommended for a
given level may be modified as appropriate (see Appendix G). The level of protection is
selected based primarily upon:

A. Characteristics of hazardous substances (i.e., toxicity, concentration, entry routes,
warning properties, etc.).
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B. The potential for exposure in air, from splashes or from immersion in liquids, or other
direct contact with hazardous substances.

Level D consists of a work uniform which provides minimal protection and essentially no
protection against chemical hazards. It is used when no inhalation hazard is present nor
anticipated to occur during the operations and skin contact with hazardous substances by
immersion or splashes is not anticipated.

Many of the following items are only necessary for upgrading to Modified Level C
protection. However, the SSO or a designee shall ensure that all workers have all the
following items available for their use:

*  Gloves

Inner, surgical type (vinyl disposable)
Outer, chemical protective (neoprene or nitrile)

¢ Protective clothing

Cotton, regular, washable coveralls
AND Tyvek, regular, disposable, zippered coveralls

* Footwear

Chemical protective boots (low-temperature vinyl), steel-toed
OR safety shoes worn with protective rubber overshoes

* Eye protection
Safety glasses with optional side-shields

OR goggles
OR single unit plastic "specs" with side-shields

* Hard hat with attachable face shield (optional)
¢ Hearing protection

Muffs and/or earplugs
* Respirators

National Institue for Occupational Safety and Health (NIOSH) approved full
face mask air-purifying respirator equipped with a high-efficiency particulate
filter (HEPA) with protection for organic vapors, acid gases, dusts, fumes, and
mists, asbestos, and radionuclides. The protection for dusts, fumes, and mists
shall be furnished for a TWA less than 0.05 mg/m3.

OR NIOSH-approved half-mask air-purifying respirator equipped with a
HEPA filter with protection for organic vapors, acid gases, dusts, fumes, and
mists, asbestos, and radionuclides. The grotection for dusts, fumes, and mists
shall be for a TWA less than 0.05 mg/m>.

Conventional eyeglass frames cannot be used with full-face mask respirators
because of interference with the face seal. Special eyeglasses can be mounted
inside the face mask; however, there is a delay to obtain prescription lenses.

The SSO shall specify which employees are required to wear the items listed above. The
SSO shall instruct site personnel to don appropriate respiratory protection when air
monitoring results show breathing zone concentrations of benzene greater than 1 ppm, or
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when total hydrocarbon monitoring results for nonbenzene in the breathing zone are greater
than 5 ppm. The SSO shall determine which level of personal protective items (gloves,
goggles, etc.) is needed, based on professional judgment regarding site conditions and the
likelihood of exposure. Respiratory protection should be used if personnel exposure above
TLVs is probable, or if personnel desire protection for odor or nuisance mitigation.

Personnel who wear respirators will be trained in their proper usage, have a current
medical examination, and have been fit tested within the past 12 months. Facial hair which
interferes with the respirator seal must be removed prior to respirator usage (29 CFR
1910.134 and LLNL Respiratory Protection Program).

It should be recognized that the nature of the potential hazards is such that it is not
possible to provide maximum protection for all suspected contaminants. If unanticipated
conditions are encountered that require additional personnel protection, the SSO shall ensure
that appropriate additional personal protective apparel and equipment are in use prior to
continuing activities under those conditions.

8.2. Apparel Decontamination

The SSO may establish at least one safety apparel decontamination station at the work
site in the contamination reduction zone. At a minimum, soap/detergent, rinse water, towels,
wash pans, and brushes for scrubbing boots shall be available. Decontamination is defined as
removing any potentially contaminated soil from boots by washing with soap and water or
removing boot covers in the contamination reduction zone upon exiting the work zone.
Wash water will be available in a basin suitable for standing in while washing boots. If there
is reason to believe that this wash water requires containment and disposal, it will be
contained, sampled, and properly disposed of based upon the analytical results.

The location of the decontamination process will be selected to minimize the exposure of
uncontaminated employees and equipment to the contaminated employees and equipment.
The SSO will monitor decontamination procedures to determine their effectiveness.

In the event that permeable clothing should become wetted with hazardous substances,
the employee will immediately remove that clothing and proceed to shower.

When protective clothing or equipment is sent to commercial cleaning establishments for
decontamination, those establishments will be informed of the potentially harmful effects of
exposures to the hazardous substances present.

If additional PPE is used, such as Polytyvek suits and chemical-resistant gloves, remove
them in the contamination reduction zone after leaving the work zone. If this equipment is
used, it must be decontaminated or disposed of properly.

8.3. Equipment Decontamination
Soils remaining on tools, sampling equipment, or heavy equipment will be removed by
steam cleaning. If there is reason to believe that the water used for this decontamination

procedure requires containment and disposal, it will be contained and properly disposed of
based upon analytical results.
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8.4. Personnel Decontamination and Personal Hygiene

Personnel may be subject to skin or eye irritation from contaminants. Before eating,
drinking, or smoking, site workers should thoroughly wash their hands and other exposed
skin surfaces after leaving a contaminated area Workers should shower and change clothes at
the end of the work shift to ensure that contaminants from the site are not transferred into
personal vehicles or taken home on soiled clothing.

Where regular showers and change rooms are needed for decontamination outside of
contaminated areas, they will meet the requirements of 29 CFR 1910.141, "SANITATION."
Protective equipment and/or clothing will not be removed from change-rooms by
unauthorized personnel.

8.5. Monitoring Equipment

The SSO shall ensure that all necessary monitoring equipment is available in sufficient
quantities prior to work initiation. Other equipment deemed necessary by the SSO, based on
the potential for contamination, shall be obtained at his direction prior to work initiation. The
SSO shall also ensure that these instruments are used only by persons who have had prior
experience with their care, calibration, and operation and who know their limitations. No
work shall be done unless this instrumentation is available and in proper working order.

8.5.1. Monitoring Rationale

Monitoring shall be sufficient to determine:

e Airbome concentrations of hazardous chemical substances.

o Combustible gas and oxygen levels.

» Surface contamination of work areas.

* Contamination of personal protective apparel and equipment.
* Personnel contamination.

* Suitability of release of equipment and material to unrestricted areas.

8.5.2. Equipment

The SSO, or his designee, may use any or all of the following monitoring equipment to
assist in evaluating potential hazards:

* Combustible gas/oxygen meter.

* Passive chemical dosimeters (i.e., 3M Organic Vapor Monitor, Draeger Direct-
Reading Diffusion Tubes).

¢ Other real-time monitoring instruments (i.e., hydrogen sulfide, carbon monoxide,
etc.).

* Photoionization detector (PID).

* Flame ionization dectector (FID).
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e Hand pump (e.g., Draeger) with colorimetric detector tubes for specific compounds,
particularly benzene.

* Constant flow personnel air sampling pumps, which can be calibrated to appropriate
volumetric air flow rates to collect airborne samples consistent with NIOSH
requirements. The other items required for air sampling include: tubing, filter cassette
holders, charcoal tubes, filters, and calibration equipment.

e Radiation detection equipment/monitors.

8.5.3. Initial Monitoring

A preliminary survey of existing air quality is performed by a qualified person to
determine the presence of any of the following conditions prior to commencement of
operations:

» Immediately dangerous to life and health (IDLH).

« Potential exposure to hazardous substance in excess of PEL or other published
exposure limit when applicable.

» Exposure to radioactive substances in excess of established dose limits.

» Exposure to other dangerous conditions (i.e., flammable atmospheres or oxygen
deficiency).

The site is initially inspected for visual signs of dangerous conditions and surveyed with a
OVM or OVA and a combustible gas/oxygen meter prior to initiation of any work activities
to establish background levels for use in proper selection of engineering controls, safe work
practices, and PPE. Where radiation is anticipated, the site is also surveyed with radiation
detection equipment.

If the presence of other hazardous substances not detectable with the above equipment is
anticipated (hydrogen sulfide, carbon monoxide, etc.), the appropriate monitoring equipment
will be used to survey the site (i.e., Drager detector tubes, substance-specific monitors, etc.).

This survey will focus on the following areas:

» The contamination reduction zone downwind from drilling activities, excavation, and
other work activities.

» Locations where workers may assemble or congregate.

* Confined spaces or areas where gases may be trapped.

8.5.4. Periodic Monitoring

When the potential for exposure is unknown, periodic monitoring of onsite ambient
concentrations of VOCs in the immediate vicinity of work activities will be performed using
a OVM or OVA. The SSO will compare monitoring results with OSHA standards and other
exposure guidelines to ensure that proper protection is provided.

Where work activities may generate dust contaminated with beryllium or lead, it may be
necessary to use a calibrated sampling pump to collect an airborne sample of particulate on a
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filter. When this is done, samples should be analyzed by an American Industrial Hygiene
Association (ATHA) accredited laboratory according to NIOSH procedures.

Caution is necessary during any fuel tank excavation and removal. OVM or OVA results
are not compound specific; the instrument reading is for total organic vapors. When benzene
is a potential exposure problem, a direct readout of benzene vapor concentrations should be
obtained using an instrument similar to a Draeger pump with a colorimetric detector tube
specific for benzene. Personnel protection, respirator selection, monitoring, and operational
protocols and procedures must be developed for work atmospheres where benzene
concentrations are greater than the PEL of 1 ppm.

Periodic monitoring shall be performed whenever there is a possibility that an IDLH
condition or explosive atmosphere has developed or when an indication that exposure may be
in excess of the PEL or other published exposure limits. When any of following situations
exist, additional precautions shall be considered:

e Initiation of work in a different portion of the site.
» If new contaminants { e known to be, or suspected of being present.

¢ When employees are handling leaking containers or working in areas with obvious
contamination.

» Upon initiation of a different type of opeartion.

8.5.5. High Risk Employees

The employees who are most likely to be exposed to hazardous substances above the PEL
or other applicable published exposure limits will be monitored first. If they are being
exposed to levels above the PEL, then monitoring will be performed to establish which other
employees, if any, may also be exposed above PEL.

8.5.6. Perimeter Monitoring

Under certain circumstances, it may be necessary to conduct perimeter monitoring to
evaluate emissions resulting from work covered by this Plan. If such monitoring is
conducted and results are higher than baseline levels of any contaminant, immediate steps
will be taken to determine the cause, make changes to site operations, evacuate unprotected
personnel and the public, if necessary, and notify agency contact personnel. Specific
protocols to be implemented shall be determined by the SSO and the Project Leader for e2ch
incident.

8.6. First Aid and Safety Equipment

To provide first response assistance to field personnel in the event of an injury or illness,
the SSO shall have the following items immediately available at the site investigation
command post, o at work areas, as appropriate:

* First aid kit.
* First aid handbook.



Portable emergency eyewash station or bottles.
Supply of clean water.
Hand soap, or waterless hand cleaner, and clean hand towels.

Portable cooler with drinking water (or replenishment drink such as Gatorade) and
ice.
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9. Personnel Training

Individuals assigned to this project who may be exposed to physical and chemical
hazards shall undergo training to:

* Ensure that the health and safety of LLNL employees, contractor employees,
employees or representatives of other agencies, and the public is maintained.

» Safeguard the health and safety of all employees and the public by complying with all
laws, rules, and regulations.

» Increase the ability of employees to react responsibly to emergencies and to handle
emergency situations in a safe manner.

» Increase the ability of employees to complete their work in an efficient and timely
manner.

9.1. Hazardous Waste Operations and General Safety Requirements

All personnel working on hazardous waste cleanup sites at LLNL who may be exposed to
physical and chemical hazards shall attend 40 hours of health and safety training, 24 hours of
on-the-job field training under supervision, or other combinations deemed equivalent by the
SSO, as specified in OSHA 29 CFR 1910.120. Personnel will be trained prior their
participation in field activities and written certificates are to be issued upon successful
completion of that training. The Project Leader, SSO, and contractor supervisors are required
to complete an additional 8 hours of "Hazardous Waste Management" training. All site
personnel are required to complete 8§ hours of "Refresher” training annually.

Instructors shall have completed a training program for the subjects that they are expected to
teach or have academic credentials and instructional experience for teaching the subjects.

The above requirements address minimal training needs and additional training will be
provided as deemed appropriate.

At a minimum, worker training should address the following topics:

* Names of personnel and alternates responsible for site health and safety.
* Onsite Medical Surveillance and Signs of Overexposure.

* Elements of the Site Safety Plan and any applicable OSP.

* Program Discussion/Regulatory Overview.

* Training Rationale.

* Chemical and Physical Hazards.

* Toxicology.

* Medical Surveillance Program.

* Environmental Planning
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Hazards Analysis
Work Plan
Site Safety Plan.

Characterization and Site Activities.
Site Control.
Personal Protective Equipment

Clothing
Respirators and Fit Testing.

Air Monitoring.

Decontamination.

Emergencies.

Site Operations.

Hazardous Substance Identification.

Hazard Communication Program.

9.2. Work Site Specific Topics

All site personnel (LLNL employees and contractors) shall attend a site-specific training
session which addresses: nature and degree of exposure anticipated at the site; prohibited
practices; emergency procedures; site-specific safety requirements; and general safety
requirements.

9.2.1. Prohibited Practices

The following practices must be strictly observed at all times during the project work.
The prohibitions shall remain in effect from the time of entry into the work site until after
leaving that portion of the site. They include:

Eating, chewing, drinking, or smoking items will not be allowed past the
Contamination Control Line (i.e., "Hotline"). Avoid all hand-to-mouth contact when
your clothing or body may be contaminated (i.e., be careful until gfter showering).
Any open wounds must be covered with an air-tight bandage; ideally, someone with
an open wound should not enter a work site. Persons with lesions or sores in the
mouth, eyes, or nose shall not enter the work site.

Never climb over or under any refuse or obstacles.

Facial hair that may interfere with the satisfactory fit of respiratory protective
equipment will not be allowed. Workers with beards will not be allowed to do work
requiring respiratory protection.

Personnel may not wear loose, ragged, or poorly fitted clothing, dangling jewelry, or
rings when working around equipment or tools. Long hair must be restrained so that
it does not get caught in moving parts. Any of these items can become snagged in
moving equipment and result ju serious injury.
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¢ Alcohol and/or drugs are not permitted at the site. Any person reporting to work
under the influence of alcohol and/or illegal drugs will be permanently prohibited
from working at the site.

The following prohibitions and practices shall be in effect when deemed necessary by the
SSO due to the existence of hazardous conditions at the work area:

* Do not wear contact lenses. Eye contamination while wearing contact lenses can
result in serious injury to the eye before the lens can be removed and the eye properly
washed.

* Practice contamination avoidance: never sit down or kneel, never place equipment on
contaminated surfaces, avoid obvious sources of contamination such as puddles,
avoid unnecessary contact with on-site objects.

* Do not start or maintain an open flame of any type unless authorized.

* No employee may enter a work site alone or work alone without prior approval.
Special work tasks, such as water level measurements or water sampling, may require
that an individual work alone. In such cases, procedures shall be developed
delineating emergency response and communication activities and responsibilities.

In addition to the prohibitions and practices listed above, the SSO may impose any other
prohibitions which he/she believes may be required for safe operations.

9.2.2. Emergency Procedures and Services

The training session should include:

* LLNL Emergency Response Dispatch (911).
» Signals, alarms, and hazard signs.

* Evacuation routes and procedures.

* Assembly points.

* Buddy system.

* Communications.

» Fire protection.

* Barricades and scaffolds.

* Emergency equipment.

e First aid and contaminated wounds.

* Spills.

Refer to page 1 of this document for emergency telephone numbers and Section 7 of this

document for emergency procedures.

9.2.3. General Safety Requirements

All project work shall be performed in a manner consistent with providing a safe work
environment. General safety guidelines are to:
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9.3.

Wear appropriate protective clothing for the job, including, but not limited to, hard
hat, work clothing, safety shoes, and eye protection.

Decontaminate known sources of contamination (such as gloves and boots) at the
appropriate location as specified by the SSO. Remove equipment only after
decontamination or containerization onsite.

Keep track of weather conditions and wind direction when working outside.

Plan activities thoroughly ahead of time: enter work sites by a designated route only
to get to a designated point for a specific purpose.

Always use the buddy system: never enter or exit alone, and never work alone in an
isolated area.

Always maintain contact with the SSO and the Ground Water Project Trailer (T-
4383), where site access and operations are controlled. Trailer 4383 should be
continuously occupied while team members are onsite.

Shower thoroughly as soon as possible after removing protective equipment.
Wash hands thoroughly upon leaving any area of suspected contamination.

All personal safety equipment is to be inspected prior to work site entrance. The
condition of the equipment must be acceptable to the SSO.

All personnel who will enter a work site should wear secure identification (e.g., badge
with photo and name; name on clothing). A name on the hard hat is not secure
identification. Identification must be visible even when all PPE or gear is worn.

Never assume that a situation is as safe as it appears to be.

Be alert to any unusual behavior on the part of other workers that might indicate
distress, disorientation, or other ill effects. Be alert to any unusual changes in your
own condition; never ignore warning signs or hesitate to report them at once. Inform
each other of symptoms of nausea, dizziness, headache, or respiratory or eye
irritation.

Maintain a clean and organized work area.

Delineate work zones with barricades and markers.

Label raw materials, debris, scrap, waste, intermediates, and contaminated clothing
with appropriate and understandable precautionary labels.

Post warnings in areas with high noise levels and require PPE.
Inspect fire extinguishers monthly for adequate pressure.
Inspect emergency eyewash/showers daily for proper operation, before work begins.

Only trained and experienced operators are to operate heavy equipment onsite.

Field Briefings

The SSO, or a designee, shall conduct daily health and safety field briefings that include
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»  Work activities that day.

* Health and safety requirements for that day.

*  Work zones.

¢ Evacuation routes.

« Assembly point upwind of work area, in case of emergency or evacuation.
* Emergency signals.

» Location of first aid and emergency safety equipment.

9.4. First Aid

The SSO, or a designee, shall identify those individuals who have previously completed
training programs in First Aid and CPR. These individuals should be appointed as alternates
for the SSO if he/she is incapacitated or needs assistance. Specific responsibilities will be
assigned to these individuals by the SSO, who will take into consideration their familiarity
with the following topics:

+ Principles of first aid.

e Restoration of breathing/CPR.

« Control of bleeding.

» Recognition and treatment of physical shock.
e Open and closed wounds and burns.

¢ Fractures and dislocations.
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10. Operations

Operations shall be conducted in a safe manner consistent with the policies and
procedures outlined in this Plan. The number of personnel shall be restricted to the minimum
necessary to complete the required work as an administrative control to limit the exposure of
personnel to chemical hazards onsite.

10.1. Work Site Practices

The prohibited practices and general safety requirements listed in Section 9 are applicable
to this site work. In addition, no worker may engage in any activity for which the health and
safety consequences of his/her actions are unclear (e.g., previously unplanned work) without
the approval of the SSO. If such activities become necessary to complete any phase of the
work, a project instruction or procedure shall be developed and followed.

Smoking will not be permitted in any restricted work location or other locations posted
"No Smoking" by LLNL.

10.2. Work Zones

Site access shall be controlled to reduce the possibility of entry by unauthorized or
unprotected individuals and prevent the transfer of contaminants by personnel or equipment
from the site. Three zones, the exclusion zone, the contamination reduction zone, and the
support zone, will be delineated by barricades and flagging as appropriate. Zoncs will be
established by the SSO based on local conditions. In most situations, such as during drilling
operations in small, individual areas, only a barrier delineating the exclusion zone and the
support zone will be needed.

The SSO or designee will be alert to persons entering active zones and will prohibit
unauthorized or unprotected persons from entering these zones. Zones may be modified or
expanded by the SSO depending upon changing wind and site conditions.

10.2.1. Exclusion Zone

The exclusion zone shall include, at a minimum, the immediate vicinity of the work area
(such as the drill rig and the boring location at the rear of the rig) plus an additional 15-foot
corridor. Persons entering this zone are required to wear PPE as prescribed by the SSO for
that particular zone.

10.2.2. Contamination Reduction Zone

The contamination reduction zone shall be located upwind of the exclusion zone. The
purpose of this zone is to prevent the transfer of contaminants by personnel or equipment
exiting the exclusion zone. All decontamination activities shall occur in this area.

In the case of drilling rig activities, a separate contamination reduction zone may not be
necessary. It will usually suffice to establish a decontamination point at the entrance/exit to
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the barricade around the drilling site. Personnel may discard any contaminated articles
before stepping outside of the barrier into the support zone (the remainder of the site).

10.2.3. Support Zone

The support zone is the outermost zone and is considered a noncontaminated (or clean)
area. Any supplies, equipment, or personnel required to support site activities should be kept
in this zone. The support zone shall be upwind of the contamination reduction and exclusion
zones.

10.3. Security Measures

All areas and containers where potentially contaminated soil or water are to be stored
unattended and any excavations that are to be left open and unattended are to be surrounded
by a barricade to prevent accidental access by unauthorized personnel. Potentially
contaminated soil shall be properly packaged and labeled.

10.4. Hazard Control Measures

Specific considerations shall be given to the following topics to ensure that adequate
hazard control measures are implemented for site operations:

e Minimization of dust generation (e.g., applying water when excavating or drilling).

* Prevention of surface contamination by subsurface material or vice versa.

* Decontamination of sampling equipment.

¢ Decontamination of excavation/construction/maintenance equipment.

* Decontamination and disposal of personnel protective apparel and equipment.

» Use of decontamination solutions—acids, alkalis, or solvents.

» Disposal of decontamination solutions and other materials used on equipment,
surfaces, or systems.

* Disposal of drilling spoils and other wastes associated with environmental
characterization.

» Disposal of contaminated materials by placing them in 55-gallon drums, which may
be sealed, labeled, and disposed of as necessary.

* Monitoring for flammable/explosive vapors.

* Minimization of personnel exposures through appropriate use of administrative work
practices consistent with ALARA.

¢ Handling and disposal of contaminated water, filtrates, etc.
* Use and operation of electrical equipment (see Appendix D).
e Use and maintenance of personnel protective apparcl and equipment.

* Heavy equipment operations and safety protocols (see Appendix E).
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* Personnel air monitoring protocols for evaluation of full-shift and short-term
chemical exposures.

¢ Direct reading instrumentation protocols and techniques for estimating real-time
chemical exposures onsite.

* Respiratory protection as per 29 CFR 1910.134 and ANSI Z88.2.

The Hazards Control Department, Safety Team Four. can be contacted for guidance and
evaluation.

10.5. Fire Protection

To ensure that fire and explosion hazards are minimized, plans and procedures must be
coordinated with the LLNL Fire Department (911). If suitable water supplies are unavailable
or where water use may be inappropriate, 20- or 30-1b ABC fire extinguishers may be
necessary for each drill rig or field crew. No smoking is allowed in the work area nor near
any flammable materials. Any use of open flame requires prior authorization by the SSO.

Employees are informed of the fire hazards of the materials and processes to which they
are exposed. Upon initial assignment, each employee will be trained in the portions of the
fire prevention plan that will protect the employee in the event of an emergency.

The hazardous work sites at LLNL have the fire hazards typical of construction sites and
chemical treatment facilities such as: combustible and flammable materials, potential for
explosive atmospheres, occasional welding and open flames, oxidizers, and motor fuels.

The LLNL Fire Department and the SSO are responsible for the maintenance of any fire
prevention and suppression Systems or equipment used on the hazardous work sites.

The accumulation of flammable and combustible waste materials will be minimized as a
means of fire prevention.

10.6. Communications

The SSO shall maintain contact with workers on a continuing basis. Individuals shall
meet and register at the checkpoint established by the SSO prior to work site entry. Each
worker shall ensure that he maintains contact with other workers or his "buddy." No
individual may either enter or leave the work site alone. Exiting workers shall inform the
SSO, or a designee, that they are departing.

10.7. Personnel Protection Plan

Environmental operations pose unusual health and safety problems. A very careful review
of OSHA and EPA regulations, standards, and guidelines by the SSO is important. At a
minimum, these requirements may include:

¢ Medical surveillance.
* Personnel exposure monitoring program.

* Respiratory protection.



PPE and clothing.
Prohibited activities.

Compliance program.

Hygiene facilities and practices.

Employee information and training.

Recordkeeping.

10.8. Safety

The industrial health and fire safety aspects of this program will focus on evaluation of
hazards associated with:

[ ]
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Transportation equipment.

Material handling equipment.

Machinery and parts.

Hand tools and pressurized equipment.

Hazardous supplies and materials.

Fire protection.

Electrical equipment (i.e., motors, relays, and starters).

Prior to the initiation of work and weekly thereafter, safety inspections will be conducted
by the SSO or a designee. This inspection will include those activities necessary to ensure
the safe operating condition of all equipment consistent with 29 CFR 1910 and 1926 and the
LLNL Safety Manual. Additionally, it will be the responsibility of LLNL's subcontractors to
provide a routine maintenance program for this equipment.

The areas accessible by employees will be provided with adequate illumination while
work is in progress in accordance with Table H120.1.

Table H120.1. Minimum illumination intensities in foot-candles

Foot-candles

5
3

10

Area or operations

General site areas.

Excavation and waste areas, accessways, active storage areas, loading
platforms, and field maintenance areas.

Indoors: warehouse, corridors, hallways, and exitways.

Tunnels, shafts, and general underground work areas. (Exception:
minimum of 10 foot-candles is required at tunnel and shaft heading
during drilling, mucking, and scaling. Mine Safety and Health
Administration approved cap lights shall be acceptable for use in the
tunnel heading.

General shops (e.g., mechanical and electrical equipment rooms,
active storerooms, barracks or living quarters, locker or dressing
rooms, dining areas, and indoor toilets and workrooms).
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30 First aid stations, infirmaries, and offices.

Although drums and containers of hazardous waste are not routinely handled during site
operations, the provisions of Paragraph J, "Handling Drums and Containers,"” shall be
implemented when appropriate.

10.9. Recordkeeping

Health and safety records shall be maintained in accordance with applicable regulatory
requirements. Records are maintained for LLNL personnel at the LLNL Environmental
Protection Department offices: these records document safety training, medical surveillance,
respiratory protection training and testing, injuries, and illnesses. All subcontractors working
on the project are required to maintain similar records at their respective offices.
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Appendix A

Site-Specific Operational Safety Procedures

The Site-Specific Operational Safety Procedures (OSPs) supplements the LILNL General
Site Safety Plan and provides detailed information for a specific operation not fully addressed
in the Plan. A copy of the OSP shall be kept at the work site at all times. The OSPs typically
includes the following items as applicable and any additional items deemed necessary:

A. Hazard Assessment For Each Task in Work Plan.
Personal Protective Equipment For Each Task.
Type and Frequency of Air Monitoring.

Site Control Measures.

Decontamination Procedures.

Spill Containment Program.

. Employee Training Assignments.

. Confined Space Entry Procedures.

Emergency Response Procedures.

Site Inspections.

. Medical Surveillance.

PRS- @D ommyg 0w

Pre-Entry Briefing.
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ACGIH

CERCLA
CPR
DAC

DHS
DOE
DTSC
EPA
ERD
f1
FID
HEPA
HTO
IDLH

LEL/UEL
LFL/UFL

LLNL
MSDS
NIOSH
OSHA
OSPs

Appendix B

Acronyms

American Conference of Governmental Industrial Hygienists
American Industrial Hygiene Association
As low as reasonably achievable

Allowable Limit on Intake (UCi). The ALI is the annual intake that would lead
to an effective committed dose equivalent not exceeding 5 rem and an annual
dose equivalent to any single organ or tissue not exceeding 50 rem

Comprehensive Environmental Response, Compensation, and Liability Act

Cardiopulmonary resuscitation

Derived Air Concentration (Ci/cm3). The DAC is the average atmospheric
concentration that would lead to the ALI in a reference person exposed to the
DAC for a 2,000-hour work year

Department of Health Services

Department of Energy 7

California Department of Tox Substances Control

Environmental Protection Agency

Environmental Restoration Division

Retention factor in organs of the body by specific radioactive isotopes
Flame Ionization Detector

High Efficiency Particulate Arrestor

Tritiated water

Immediately Dangerous to Life or Health concentration that represents the
maximum level from which one could escape within 30 minutes without any
escape-impairing symptoms or any other irreversible health effects

Lower and Upper Explosive Limits; percent by volume of potentially explosive
substance in air

Lower and Upper Flammable Limits; percent by volume of potentially
flammable substance in air

Lawrence Livermore National Laboratory

Material Safety Data Sheets

National Institute for Occupational Safety and Health
Occupational Safety and Health Administration
Operational Safety Procedures

B-1



PEL

PID

PPE
SSO
TLV

TWA
VOCs

XLM, XLO,
and XLP

Permissible Exposure Limit set by OSHA; values usually are expressed in ppm
or mg/m3. PELs are expressed as:

8-hour TWA exposure limit.

Ceiling exposure limit (CEIL); at no time shall an employee's exposure
exceed this limit.

Short-term exposure limit (STEL); the maximum exposure in any 15-
minute period.

Maximum peak (PEAK); acceptable above the specified ceiling limit for the
stated concentration and duration.

Photoionization Detector

Personal Protective Equipment
Site Safety Officer

Threshold limit value as issued by ACGIH; values usually are expressed in
ppm or mg/m3. TLVs are expressed as:

TLV-TWA: the TWA concentration for a normal 8-hour workday and a
40-hour workweek, to which nearly all workers may be repeatedly
exposed, day after day, without adverse effect.

TLV-STEL: the 15-min TWA to which a worker can be exposed for a
period of up to 15 minutes continuously without suffering from irritation,
chronic or irreversible tissue damage, or narcosis of sufficient degree to
increase the likelihood.of accidental injury, impair self-rescue, or materially
reduce worker efficiency, and provided that the daily TLV-TWA is not
exceeded.

Time-weighted average; this is generally expressed as an 8-hour TWA

Volatile organic compounds

The m, 0, and p isomers of xylene

B-2
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Appendix C

Material Safety Data Sheets

Benzene MSDS #Genium/316

Carbon Tetrachloride (CHClg) MSDS #Genium/410
Chloroform MSDS #Genium/315
1,1-Dichloroethane (1,1-DCA)

1,2-Dichloroethane (1,2-DCA) MSDS #/359
1,1-Dichloroethylene (1,1-DCE)
1,2-Dichloroethylene (1,2-DCE)

Diesel

Gasoline, Automotive Lead Free MSDS #Genium/467
Perchloroethylene (PCE) MSDS #Genium/313
Trichloroethylene (TCE) MSDS #Genium/312
Toluene MSDS #Genium/317

Tritium

Xylene MSDS #Genium/318



Material Satety Data Sheet

Genium Publishxng Cor oratxon Product: BENZENE
1145 Catalyn Street enec ady, 12303
(518) 377-8854 MSDS No: Genxul / 316
From Genium's collection, to be used as reference Revision:
Date: Aprxl 1988
formm e, ————————————— LT uppap—— +
National Paint H HEALTH HAZARD | 2 - Moderate !
and Coatings $om=  cmmemesesceeececoooe $oommm e
Association i FLAMMABILITY HAZARD | 3 - Serious !
......................... P e e cne————
Hazardous Material | REACTIVITY HAZARD | 0 - Minimal H
Identification St el
System i PERSONAL PROTECTION i SEE SECTION 8 i
Prmmmm e — e —————— e o o e 4 e e +
i SECTION I. MATERIAL IDENTIFICATION K
———————————————————— - - e on w- wn o on - - - ——-—-—-——-———--——-—--+

Trade/Material Name: BENZENE

Description: Used in the manufacture of medicinal chemicals, d¥ea, linoleum, airplane
dopes, varnishes, and la.cquers, and as a solvent lor waxes, resins, and

oils.
Other Designations: Benzol; Phene; Phenylhydride; CsHe; NIOSH RTECS No. CY1400000

CAS: 0071-43-2

Manufacturer: Contagt your supplier or distributor, Consult the latest edition of the
Chemjcalwee (Genium ref. 73) for a list of suppliers, )

o e e s e—— e — e ——— —————————————— +
i SECTION II. INGBEDIENTS AND HAZARDS i
Ingredient Name: CAS Number: - Percent: Bxposure Limits:
Benzene 0071-43-2 Ca 100 OSHA PEL

8-Hr TWA:

1p

15-Min Cezlxng. 5
xctxn Level: Bp
CGIH TLV 1987 -8

V-?WA 0 ppm, 30
Toxicxt¥ Data*
Human, Inhalation,
LCLo. 2000 ppa/S
Hunan, Oral, TDio:

Human, Inhalation,
TCro: 210 ppm

Page 1 --- INGREDIENTS AND HAZARDS continues on page 2 --~ Page 1



Material Safety Data Sheet

1145 C Ge?iuls:nbléshgn Cor ‘éatigg 12303 Product: BENZENE
t ree chenec ,
atalyn StYSi8) 377-8854 MSDS No: Genium / 316
Froa Genium's collection, to be used as reference RBevision: D

Date: April, 1988

T e T et e L L L L T R e +
! INGREDIENTS AND HAZARDS continued from page 1 !
e et e DL T e +
t See NIOSH, BIEQS, for additional data with references to irritative, mutagenic,
tumorigenic, and reproductive effects.

e e e m e e e e — e - ——————————————————— +
' SECTION III. PHYSICAL DATA i
o e e e e e e e e o o e = o e = 4 e e o S e e 2 e e

Appearance & Odor: A colorless liquid; characteristic aromatic odor.

Boiling point: 176°F (80°C) Specific gravity (H20=1): 0.87865 at

Vafor freluure: 75 Torrs at 68°F (20°C) 68°F §20°C;
Water solubility (X): Slight Melting point: 42°F (5.5°C
Vapor density (air=1): >1 X volatile by volume: 100

Molecular weight: 78 Grams/Mole

b e e e - .- ——— e - ———————————————— +
i SECTION 1V. FIRE AND EXPLOSION DATA i
Flash Point (wmethod): 120F (-11.1°C) (CC)Limita: LEL %: 1.3 UEL %: 7.1°

NFPA Fire Hagard Symbol Codes: Flammability: 3 Health: 2 Reactivity: 0 OSpecialt
E;tigguinhin‘ Media: Use dry chemical, foam, or carbon Antoiggit%on Temp:
dioxide to put out benzene Tires. Water may be ineffective 928°F (498°C

ag an extinguishing agent because it can scatter and spread
the fire. Use water to ccol fire-exposed containers, flush
spills away from exgoaure;. disperse benzene vapor, and
rgﬁect personnel attempting to stop an unignited benzene

e .

Unusual fire or explosion hasards: Bengzene vapor is heavier than air and can collect
in low-lying areas such as sumps or wells. Elminate all sources of ignition there to
prevent a dangerous flashback to the original liquid bensene. -

Danger: Explosive and flammable benzene vapor-air mixtures can easily form at room
temperature; alu:yi use this material in a way that minimizes dispersion of its vapor
into generai vorx aresas. B

Special fire-fighting procedures: Wear a self-contained breathing apgaratus (SCBA)
. with a full facepiece operated in the
pressure-demand or positive-pressure mode.

1

o~ '.‘ .

Page 2 --- MSDS 316 continues on page 3 --- Page 2



Material Safety Data Sheet

Genium Publishing Corporation Product: BENZENE
1145 Catalyn Street, Schenectady, NY 12303
. (518) 377-8854 MSDS No: Genium / 316
From Genium's collection, to be used as reference Revision:

D
Date: April, 1988

Material is stable in closed containers during routine operations. Hazardous
polymerization does not occur

Chemical incompatibilities: Hazardous chemical reactions involving benzene and the
following materials are reported in Genium reference 84: bromine pentafluoride,
chlorine, chlorine trifluoride, chroamic anhydride, nitryl perchlorate, oxygen, ozone,
perchlorates, perchloryl fluoride and aluminus chior14e. permanganates an sulfuric
acid, potassium peroxide, silver perchlorate, and sodium peroxide.

Conditions to avoid: Avoid all exposure to sources of ignition and to incompatible
chemicals.

Hazardous decomposition Products: Toxic gases like carbon monoxide (CO) may be
produced during benzene fires.

Thi roduct i ongsidered a j .
Summary of risks: Prolonged skin contact with benzene or excessive inhalation of its
vapor may cause headache, weakness, loss of appetite, and lassitude. Continued
exposure can cause collapse, bronchitis, and pneumonia. The most important health
hazards are cancer (leukellal. bone marrow effects, and injuries to the blood-forming
tissue from chronic low-level exposure. .
Medical conditions which may be a{gravated by contact: Ailments of heart, lungs,
liver, kidneys, blood, and central nervous system (CNS) may be worsened 6y exposure.
Administer preplacement and periodic medical exams emphasizing these organs’
functions and reassign workers who test positive.
Target organs: Blood, CNS, skin, bone marrow, eyes, and upper respiratory tract (URT).
Prisary entry route(s): Skin contact, inhalation.
Acute effects: Dizziness, mental dullness, nausea, headache, fatigue, and giddiness.
Chronic effect(s): Possible cancer (leukemia).
Pirst aid: . o
Eye contact: Imsediately flush e{es,bincluding under the eyelids
- gently but thoroughly with plenty of running water tor
at least 15 minutes.

Skin contact: Iamediately wash the affected area with soap and water.

Page 3 --- HEALTH HAZARD INFORMATION continues on page 4 --- Page 3|



Naterial Safety Data Sheet

; Ge?iulspublénhg Cor a;atig¥ 12303 Product: BENZENE
1145 Cat tree chenec y

aralyn SHS18) 377-8854 MSDS No: Genium / 316
From Genium’s collection, to be used as reference Revision:

Date: April, 1988

Inhalation: Remove the exposed rson to fresh air; restore and/or
support his or her breathing as needed.

Ingestion: Never give anything by mouth to someone who is.
unconscious or convglg1gg. Do not induce vomiting
because of the possibility of aspiration.

GET MEDICAL HELP (IN PLANT, PARAMEDIC, COMMUNITY) FOR ALL EXPOSURES. Seek prompt.
medical assistance for !urfher treatment, observation, and support after first aid.

1 sources of ignition immediately. Cleanup personnel need protection against
contact with and inhalation of vapor (see sect. 8). Contain large spills and collect
waste or absorb it with an inert material such as sand, earth, or vermiculite. Use
nonsparking tools to place waste liquid or abscrbent into closable containers for
disposal. Keep waste out of sewers, watersheds, and waterways.

Sfill / Leak procedures: Notify safeté personnel, provide ventilation, and eliminate
a
{

Waste management / Disposal: Contact your supplier or a licensed contractor for
detajled recommerndations. Follow Federal, state, and
local regulations.

OSHA Designations
Air Contaminant (29 CFR 1910.1000 Subpart Z)

EPA Designations (40 CFR 302.4)
RCRA Hagardous Waste, No. U019
CERCLA Hazardous Substance, Reportable Quantity: 1000 lbs (454 kg)

Personal protective equipmeat:

: . W
Goggles: Al vear prodective eyeglasses or chemical safety goggles. Where
e lps==§=:€.ésp ibl wgag a full face shield. Foliog gﬁe eye- and

e
face- tiom guidelines in 29 CFR 1910.133.

Respirator: Weae” a. §10SB-approved respirator per the ﬁl%gﬂtgggkg&_aaidgtkg_
for the maximum-use concentrations and/or the
exposure limits cited in section 2. Follow the reapirator guidelines
in 29 CFR 1910.134. For emergency or nonroutine use (e.f. cleaning
reactor vessels or storage tanks), wear an SCBA with a ull facepiece

operated in the pressure-demand or positive-pressure aode.

Warning: Air-purifying respirators will pot protect workers in
oxygen-deficient atmospheres.

Page 4 --- SPECIAL PROTECTION INFORMATION continues on page § --- Page 4



Material Safety Data Sheet

Genium Publishing Corporation Product: BENZENE
1145 Catalyn Street, Schenectady, NY 12303
) (518} 377-8854 MSDS No: Genium / 316
Froa Genium's collection, to be used as reference Revision:

Date: April, 1988

Other: Wear impervious E;oves, boots, aprons, gauntlets, etc., to prevent any
possibility of skin contact with this suspected human carcinogen.

Workplace considerations:

Ventilation: Install and operate general and local ventilation systems powerful
enough to maintain airborne levels of benzene below the OSHA PEL
standard cited in section 2.

Safety stations: . . e
Make eyewash stations, washing facilities, and safety showers
available in use and ﬁnndlxng areas.

Contaminate l equipament: . )
Contact lenses pose a special hagard; soft lenses may absorb irritants,
and all lenses concentrate thea. Do got wear contact lenses in any
work area. Remove contaminated clothing and launder it before wearing
it again; clean this material froa shoes and equipment.

Practice good personal hzsiene; always wash thoroughly after using this material.
Keep it off of your clothing and equipment. Avoid ranlferrin¥ it from your hands to
your mouth while eating, drinking, or smoking. Do not eat, drink, or smoke in any
work area. Do not inhale benzene vapor! '

§ o o o e o o i e e 43 s o S - - - o o e

Storage segregation: Store benzene in & cool, dry, well-ventilated area away fros
sources of ignition and incompatible chemicals.

Sp:cial handling / storage: Protect containers from ghysica; damage. Electrically
round and bond all metal containers used in shi géng or
lgggsggggxng operations. Follow all parts of 29

Engineering controls: All engineering systess (production, transportation, etc.) must
be -of maximum explosion-proof design (nonsparking, electrically
grounded and bonded, etc.s?o

If -ussible, substitute le,s toxic solvents for bengene; use this material with
extreme caution emd only if it is absolutely essential.

Transportation Data (49 CFR 172.101-2)
DOT 8 1p31n§ Name: Benzene

DOT Label: Fl amable Liquid

IMO Label: Flammable Liquid

IMC Class: 3.2

DOT Class: Flannab*e Liquid UN lc!iltar: UN1114
Data source code(s): 1, 2, 12, 73, 84-94, 100, 103.

Page 5 --- SPECIAL PRECAUTIONS continues on page 6 --- Page 5



Material Safety Dats Sheet

Geniua Publluhing rat1on Product: BENZENE
1145 Catalyn Street enec ady, NY 12303
77-8854 MSDS No: Genium / 316
From Genium's collectxon, to be used as reference Revision:

Date: April, 1988

+
H SPECIAL PRECAUTIONS continued from page 5 '
et ettt R et +
Prepared/revised )y: Genium Publishing Corporation

April, 1988

Judgements as to the suitahllitg of inforsation herexn for purchaser’s purposes are
necessarily purchaser’ *elponsx ility. Therefore, a T reasonable care has been
taken in the preparation of such inforsmation GQDIUU Publishing Cor rntxon extends
no warranties, sakes no representations and assumes no responsi ty as to the
accuracy or suitability of such information for application to purchaser 8 intended
purposes or for the consequences of its use.

Page 6 --- End of MSDS 316 --- Page 6
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Material Safety Data Sheet
Gemiuwm Fublishing Corporaticn Products CAREDT "o TS DT
1127 Czialyn Stireet, Schenectady, NY 12787
(5912) ;'-.';"x—P-“EA MSDS No: CGenium ~ 210
Fror GEnivm’ s collection, to e usel a8 referencs Revision: & .
Date: Tsoembme. VFIT
R, _— N
' FEYEICAL DRTE contimued e :
Bo:.llng point: ! atm: T&.URC Specific gr‘—wlty (H-0=1): ! '
gaor ressure: ca S1 @ 2220, mn Hg Melting point:
Water solubility (%): 2.02 2 Z0°C, wt % % volatile by volume:
Vapor density (air=1): 2.2 Molecular weight:
SECTION IV. FIRE AND EXFLDSION
Extinguishing Media: It i— .n_f‘sr that wr i

\_C'! &L Ier"\ .

Flrefi
~atus and ful
ing this m

Special fire—fighting procedures:

AR

imvolv
Wher imvolved in & fire situaticn, this
irritating fumes and gases. Metals, suc
viclently with caroon tetrachloride wheao

Wt =D

mast

ghtere

tive gesr o

tosic

material will &nit highily
can react

foas alwninum &and magnesiwn.
ot or burmiro.

SECTION V.

REACTIVITY DATA

B
[
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-+

Material 1s stable under rormal conditions of Farndling znd use. HaZerdous

oolymerizeation cannot occur

Chemical lncmpatlbllzt:l.es Viclent reactions or enplosicne can ooour wWith

mzompatifle materials., such as bariam, lithium, sodium. and n:ta::.‘f.-fn mtal,

_w;»:rc-:j sluminum, trv.-‘;nne:ds:.um_. dimethivl formamide (above &5°0), flucorl eto. s

PR "Mamual of Hazardous Chemical Reactions'.!

Hazardous decomposition Products: Trermal-oxidative deconposition will proguce
corrosive furez. including ochosgerns o0 hedroos

bV
[ I D) e §

de.

b e . - - ek
' CTION VI, HEA TH HAZARD INFORMAT IO :
Summary of risks: Carbor tetrachloride is highly toxic ard L r'itatir'.g bv inhalzstice
snd ingestion (mesn lethal dose is T-1@ ml). It i= toxic oy skin absorption.
Exzessive svposure may result inm ONS dup"E‘::lCﬂ and/or Qastrosntesting. syinptoms 4
ST_SEF Mroitating oo skin snd eyes. EvE contact or systamic av+=«:t§ Tan produce visdal
dizturoances (haze, blard Spots, narrowing of visual vielo =vo . Ghan SoeNIITh Lan
mause defatting «d dermetitis.

Acute effects: tadre, and li:ver demage can occur from sever e adute G Checaas

expooare. It 1€ a suspected carcinoges: i Fuumane.

FPage 2 — HEALTH HAZARD INFORMATION continues on page 3 — Page 2
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Revision:
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FPersonal protective equipment:
Goggles: Wear safety gogales and/or facs shield for 2ve pirotectizo.

Gloves: F./@ or nzcprens cloves reedsd o orevent skin comtact.
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Material

Product:
MSDS No:

Revision:

Safety Data Sheet
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FecoT S
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Material Safety Data Sheet

Froduct: COH SR
MSDS No: Geriurn ~ 515

Tl Revision: D -
Date: Ape-il, 19T

From Decium =

oy L. mos

Boiling point:
Vapor pressure:

Water sclubility (%):

Specific gravity (H:0=1): .‘“
M=lting point: -

% volatile by volume: 1004,
Molecular weight: 1%

Vapor density (air=1):

Flash Foint (method): * Limits: LEL %4: ¢ LEL %: %
NFPA Fire Hazard Symbol Codes: Flammability: @ Health: = Reactivity: ©® Special:

CEITY . LaSiE &5 Autoignition Temp:
X

el e =BT ladhter Riatu B Rate

Unusual fire or explosion hazards: None recortes.

Special fire-fighting procedures: Wear se] f—~Containsc t:reathir*,gAaa:-l:aratus {ECEA
with full +acepsiecs rated in the
LrEESUre-emand or .-_r:J_f'.LJ-—--Dr"ﬂ" e mode.

£

SECTION V. RESCTIVITY DATA

P 8

Mzterizl iz stable ijF..L::ept. v ZisE Ccomtainers and mrctested from alr eng suniight.
riasardous colvmerization dc.-s’s Blmhe FoCwEVEr . BvE' wnen stabilized with sthardl,
thic aeteria) dc—:-vcurr"v" Troity Fy woroagesd evposwee to o Aar and light.

Chemical incompatibilities: Tiiz material 1z incompetible with strong albalizs.
Conditions to avoid: &void oroliceged expomurs2 to alr and light ard o strong alkalies
e hydrochloric

monicHade (OO,
T :zr":-.'}l..‘».-:aj b 1) Wt

Hazardous decomposition Products:

Page 2 — MSDS Z1S5 continues on page 3 — Page 2



Material Safety Data Sheet
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Target organs: !

Primary entry route(s):
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Chronic effect(s):

First aid:
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Skin contact:
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Material Safety Data Sheet

Product: CHLOROFTRY

MSDS No: Serium / T18
Revision: D
Date: Aoi-il.

SO 1ts (2270 kg

110 BRFEDIAL AROTECTION INFURMATION

Fersonal protective equipment:

Geggles:

Respirator:

Other:

or chemiczal safety googles.

EMEG I A

WER & full face Fhmlc' as a supolementary
iz the eye- and faze-protection guidelines i

"Lv‘x L=

pirator oper the NIDEH Focket Guide o
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Workplace considerations:

Ventilation:
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Material Safety Data Sheet o 2 NE DICHLORIDE
From Genium's Reference Collection (F ly 1.2-Dichl than
Genium Publishing Corporation ormerly 1,&-LUichloroe e)
1145 Catalyn Street (Revision C)
Schenectady, NY 12303-1836 USA Issued: November 1978
(518) 377-8855 CEMUMPUBLSHNG CORP.  |Revised: August 1987

SECTION 1. MATERIAL IDENTIFICATION

CHEMICAL NAMF: ETHYLENE DICHLORIDE (Changed to reflect common industrial practice)
DESCRIPTION (Origin/Uses): Made from acetylene and HC. Used as a degreaser, a scavenger in leaded gasoline,
as an intermediate in the manufacture of vinyl chloride, in paint removers, in wetting and penetration agents, in
ore flotation processes, as a fumigant, and as a solvent for fats, oils, waxes, and gums.
OTHER_DESIGNATIONS: 1,2-Dichloroethane; sym-Dichloroethane; Dutch Liquid; Dutch Oil; EDC;

cthylene dichloride. Direct water sprays may be ineffective extinguishing agents, but they may be successfully used to cool
fire-exposed containers. Use a smothering effect to extinguish fires involving this material.

HAZARDS: Ethylene dichloride is a dangerous fire and explosion hazard when exposed to sources of ignition such as heat,
open flames, sparks, etc. Its vapors are heavier than air and can flow along surfaces to distant, low-lying sources of ignition
and flash back. If it is safe o do so, remove this material from the fire area. Ethylene dichloride burns with a smoky flame.
SPECIAL FIRE-FIGHTING PROCEDURES: Wear a self-contained breathing apparatus with a full facepiece operated in a
pressure-demand or another posilive-pressure mode.

COMMENTS: Flash Point and Method: 56°F (13°C) CC; 65°F (18°C) OC.

OSHA Flammability Class (29 CFR 1910.106): IB. DOT Flammability Class (49 CFR 173.115): Flammable Liquid

Ethane Dichloride; Ethylene Chioride; 1,2-Ethylene Dichloride; Glycol Dichloride; CoH4Cly; HMIS R 1
NIOSH RTECS KI10525000; CAS #0107-06-2 H 1 I 4
MANUFACTURERS/SUPPLIERS: Available from several suppliers, including: F 3 s 2
Dow Chemical USA, 2020 Dow Center, Midland, MI 48640; Telephone: (517) 636-1000 R 0 K 4
PPE*
COMMENTS: Ethylene dichloride is a flammable, toxic liquid. * See Sect. 8
SECTION 2. INGREDIENTS AND HAZARDS % HAZARD DATA .
Ethylene Dichloride, CAS #0107-06-2; NIOSH RTECS #K10525000 100 ACGIH Values 1987-88
TLV-TWA: 10 ppm, 40 mg/m3
OSHA PEL* 1986-87
H H 8-Hr TWA: 50 ppm;
' ' Ceiling: 100 ppm (15 Min.)
Ci-C-C-a NIOSH REL 1986-87
Lo 10-Hr TWA: 1 ppm
H H Ceiling: 2 ppm (15 Min.)
Toxicity Data
*The maximum allowable peak concentration (above the ceiling leve! value) gtﬁ‘;’“g,ﬁm Tclﬁzg mg/Egm” Hr
of ethylene dichioride is 200 ppm for 5 minutes in any 3-hour period. Man, Oral, TDy . §92 mg/kg
CQMKAEM[S: Additional data concerning toxic doses and tumorigenic, Man, Oral, ) 714
reproducuve, and mutagenic effects is listed (with references) in the NIOSH R an, leDLo 670 mg/kg
ECS 1983-84 supplement, pages 865-66. at, Oral, LDsy: 670 mg/kg
SECTION 3. PHYSICAL DATA ~
Bolling Point ... 182.3°F (83-5'(:.) . Evaporation Rate (n-BuAc = 1) .. Not Listed
Vapor Pressure ... 87 Torr at 77°F (25°C) Specific Gravity ... 12569 at 69°F (20°C)
Water Solubility ... Soluble in about 120 Parts Water Freezing Point ... -31.9°F (-35.5°C)
Vapor Deasity (Air = 1) ... 3.4 Molecular Weight ... 98.96 Gramy/Mole
Appearance and odor. Colorless, clear liquid. Sweet, chloroformlike odor is typical of chlorinated hydrocarbons. The
recognition threshold (100% of test panel) for ethylene dichloride is 40 ppm. Odor detection probably indicates an excessive
exposure to vapor. High volatility and flammability, coupled with its toxicity and carcinogenic potential, make this material
a major health hazard.
COMMENTS: Ethylene dichloride is miscible with alcohol, chioroform, and ether.
SECTION 4. FIRE AND EXPLOSION DATA LOWER UPPER
Flash Point and Method Autoignition Temperature Flammability Limits in Air
See Below TISE (413°C) % by Volume 62 159
EXTINGUISHING MEDIA: Use chemical, carbon dioxide, aicohol foam, water spray/fog, or dry sand to fight fires involving

SECTION S. REACTIVITY DATA

Ethylene dichlonde is stable. Hazardous polymerization cannot oceur.

CHEMICAL INCOMPATIBILITIES include strong oxidizing agents. Explosions have occurred with mixtures of this material
and liquid ammonia or dimethylaminopropylamine. Finely divided aluminum or magnesium metal may be hazardous in contact
with ethylene dichloride.

CONDITIONS TO AVOID: Eliminate sources of ignition such as excessive heat, open flames, or electrical sparks, particularly
in low-lying areas, because the explosive, heavier-than-air vapors will concentrate there.

PRODUCTS QF HAZARDOUS DECOMPOSITION can include vinyl chloride, chloride fumes, and phosgene. Phosgene is an
extrcmely poisonous gas. Products of thermal-oxidative degradation (i.c., fire conditions) must be treated with appropriale
caution.
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SECTION 6. HEALTH HAZARD INFORMATION

by the
by ihe IARC. It was found to be an ammal—Emvc carcinogen b; the IARC. NCI reported gsiuve results (mouse, rat) from

its carcinogenesis bioassay. Ethylene dichloride is considered to be one of the more toxic of the
common chlorinated hydrocarbons. ths from accidental m§esu'on of this material have been reported. Inhalation of vapors
reportedly caused three fatalities. Excessive inhalation of ethylene dichloride vapors can cause respiratory imitation, )
inioxication, narcotic and anesthetic effects, vomiting, dizziness, depression, diarthea. The hepatoxic (injurious to liver)
effects of this material are significant. The systemic effects from overexposure can appear in the liver, kidneys, digestive
tract, blood, lungs, adrenal glands, and the central nervous system. Tests on animals have revealed reproductive failure and
fetal rcsorpdon.gﬂ-lm may be increased risk to nursing infants of e'éposed mothers. f‘;gRGET ORGANS: Central nervous
system, eyes, kidneys, liver, heart, adrenal glands, and skin. PRI : Inhalation, absorpuon through skin, oral,
or eye contact. : Skin contact causes irritation, defatting, and, if repeated or proionged, burning. Eye
contacl causes irritation and serious injury {clouding of the comca? if it is not removed prommptly. C_EEEEC?I_S

Injuries to the liver (h atoxicity) and kidneys, weight loss, low blood pressure, jaundice, oliguria (reduced excretion o
unne), Or anemia. A\ : Persons taking anticoagulants could
expenence an increase in lendency to bleed. Persons taking insulin face an increased nisk of lowered blood sugar. ﬂﬂﬁ
: Be prepared to restrain a hyperactive vicum. : Flush eyes, including under the eyelids, gently but
thoroughly with plenty of running water for at least 15 munutes. Get medical help.* : Immediately flush the

affected arca with waier. Wash thoroughly with soap and water. Remove and launder contaminated clothing before wearing it
again; clean material from shoes and equipment. Get medical hcls.‘ : Remove victim to fresh air; restore and/or

Ethylene dichloride is listed as an anticipated human carcinogen NTP and as a probable human carcinogen (Grou; 2B),

support his breathing as needed. Get medical help.* : Never give anything by mouth to someone who is

unconscious or convulsing. Rinse vicim's mouth with walter. )}(zygcn and artificial respiration may be needed. Get medical

help.*  * GET MEDICAL ASSISTANCE = IN PLANT, PAKAMEDIC, COMMUNITY. Get prompt medical assistance for further
treatment, observation, and support after first aid.

SECTION 7, SPILL, LEAK, AND DISPOSAL PROCEDURES

SPILI/LEAK: Before using ethylene dichloride, it is essential thal proper emergency procedures be established and made
known 1 all personnel involved in handling it. Notify safety personnel of ethylene dichloride spills or leaks and implement
containment procedures. Remove and eliminate all possible sources of ignition such as heat, sparks, and open flames from the
area. Cleanup personnel should use protection against inhalation of vapors and contact with liquid. Contain spills by using
an absorbent material such as dry sand or vermiculite. Use nonsparking tools to mix waste material thoroughly with
absorbent and place it in an appropriate container for disposal. Flush trace residues with large amounts of water. Do not flush
wasle 10 sewers or open waterways. WASTE QXSP%AE: Counsider reclamation, recycling, or destruction rather than disposal
in a landfill. Waste may be burned in an approved incinerator equipped with an afterburner and a scrubber. Follow Federal,
state, and local regulations.

Ethylene dichloride is designated as a hazardous substance by the EPA (40 CFR 1164). Ethylene dichloride is reported in the
1983 EPA TSCA Inventory.

EPA Hazardous Waste Number (40 CFR 261.33): U077

EPA Reportable Quantity (40 CFR 117.3): 5000 Ibs (2270 kgs)

Aquatic Toxicity Rating, TLm 96: 1000 - 100 ppm

SECTION 8. SPECIAL PROTECTION INFORMATION

GOGGLES: Always wear prolective eyeglasses or chemical safety goggles. Ethylene dichloride is particularly harmful to the
eyes, and direct contact results in corneal opaci (ﬁrmanem clouding of the eye). GLOVES: Wear impervious rubber
gloves to prevent skin contact. BESB]RAIDE' se a NIOSH-approved respirator per the NIOSH Pocke: Guide to Chemical
Hazards (Genium ref. 88) for the maximum-use concentrations and/or the exposure limits cited in section 2. Follow the
respirator guidelines in 29 CFR 1910.134. Any detectable concentration of ethylene dichloride requires an SCBA, full
facepiece, and pressure-demand/positive-pressure modes. Warning: Air-purifying respirators will not protect workers from
oxygen-deficient atmospheres. Q['_Hﬁé“s Wear rubber boots, aprons, and other protective clothing suitable for use
conditions to prevent skin contact. Remove contaminated clothing and launder it before wearing it again. Discard
contaminated shoes. VENTILATION: Provide maximum explosion-proof local fume exhaust ventilation sysiems to maintain
the airborne concentrations of ethylene dichloride vapors below the exposure limits cited in section 2. Install properly
designed hoods that maintain a minimum face velocity of 100 ifm (linear feet per minute). SAFETY STATIONS: Make
eyewash stations, washing facilities, and safety showers available in areas of use and handling.

CONSIDERATIONS: Vapors are heavier than air and will collect in low-lying areas. Eliminate sources of ignition in these
areas and again provide good ventilation there. COMMENTS: Practice good perscnal hygiene. Keep materials off of your
clothes and equipment. Avoid transferring this material from hands to mouth while eating, drinking, or smoking. Immediately
remove ethylene dichloride-saturated clothing to avoid flammability and health hazards. Contact lenses pose 2 special hazard,
soft lenses may absorb irritants, and all lenses concentrate them.

SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS

STORAGE SEGREGATION: Store ethylene dichloride in tightly closed containers in a cool, dry, well-ventilated area away
from sources of ignition. Protect containers from physical damage and from exposure lo excessive heat. Avoid direct physical
contact with strong acids, bases, oxidizing agents, and reducing agents. SPECIAL HANDLING/STORAGE: Use nonsparking
wols. Outside or detached storage is preferred. Store and handle ethylene dichloride in accordance with the regulations
concerning OSHA class IB flammable liquids. ENGINEERING CONTROLS: During transfer operations involving ethylene
dichloride, the liquid and its vapors must not be exposed 1o nearby sources of ignition from engineering systems that are not
explosion proof. Preplan emergency response procedures.

TRANSPORTATION DATA (per 49 CFR 172.101-2):

DOT Hazard Class: Flammable Liquid DOT Shipping Name: Ethylene Dichloride
DOT Label: Flammable Liquid DOT ID No. UN 1184
IMO Class: 3.2 IMO Label: Flammable Liquid, Poison

References: 1-9, 12, 19, 21, 26, 43, 47, 73, 87-102. CK
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Genium Publishing Corporation Product: AUTOMOTIVE GASOLINE,
1145 Catalyn St{§€§S §$7eggg4ady, fY 12303 LEAD FREE
From Genium’s collection, to be used as reference MSDS No: Genium / 467
Date: October, 1981

Trade/Material Name: AUTOMOTIVE GASOLINE, LEAD FREE

Description: A volatile blend of hydrocarbons for automotive fuel.
Other Designations: Petrol, ASTM D439

CAS: 008 006 619

Available from several suppliers.

T e T L e T +

: SECTION II. INGREDIENTS AND HAZARDS H

S e et P B P PP e PPt e +

Ingredient Name: Percent: Exposure Limits:

Gasoline 100% 8-hr TWA_300 ppam or
900 ag/m3

Man:

e: 500 /1H
ggderate fggitqtion
RIS 3605w

o )
TEX:CNS ©°

A hydrocarbon blend that can include normal and branched chain alkanes, cycloalkanes,
alkenes, aromatics and other additives.** (Lead max 0.013 é‘Lbsgag7phorus max 0.0013

§/L gulfur max 0.10 wtX¥. May contain benzene, <5X: see AS
ACGIH 1981 TLV (Intended Changes List). See also Am. Ind. Hyg. A. 39 110-117 (1978)
*£The composition of fuel is varied with altitude and seasonal reguirements for a

%gggl%ty. The blend sust meet antiknock requireaents. C ex min 85, ASTH
o e e e e e - +
i SECTION III. PHYSICAL DATA i

Appearance & Odort A clear, mobile liguid with & characteristic odor which can b«
E;go,nised at about 10 ppm in air. (Gasoline may be colored with

Water soluybil %): Insoluble Evaporation rate: N/A
ylater solubllity 5): 1°8°1%8 Specific gravity (Ha0=1): 0.72-0.76
Kelting point: -90.5-95.4

Distillation at 1 atm, Initial, deg C > 39
50% distilled - 77-121
End point ----- <240

Page 1 --- MSDS 4687 continues on page 2 -~~~ Page 1



A,

Material Safety Data Sheet

Geniua Publishing Corporation Product: AUTOMOTIVE GASOLINE,

1145 Catalyn St{gggs §$7eg§g4ndy. NY 12303 LEAD FREE

Fros Genium's collection, to be used as reference MSDS No: Genium / 467
Date: October, 1981

o e e e e e e e e e o e e e e e +
' SECTION IV. FIRE AND EXPLOSION DATA i
+ ———————————————————————————————————————————————————————————————————————————————————
Flash Point (method): -45°F Limits: LEL X: 1.4 UEL %: 7.6
Exiinguishing Media: Dry chemical, carbon dioxide, alcghol Autoignition Temp:
foam. Use ol water may be ineffective to extinguish {ire, 536-853°F

but use water spray for cooling fire-exposed drums and :anka
to prevent pressure rupture.

Unusual fire or explosion hazards: It is a dangerous fire and explosion hazard when
exposed to heat and flames. Vapors can flow along surfaces, reach distant ignition
sources and flash back. Can react violently with oxidizing agents.

Special fire~fighting procedures: Firefi%hters should wear self-contained breathing
apparatus and full protective clothing.

Flammability Limits In Air: % by volume

Material is stable in closed containers at room temperature under normal storage and
handling conditions. Hazardous polymerization cannot occur ’

Chemical incompatibilities: It is incompatible with oxidizing agents.
Conditions to avoid: A mixture of gasoline vapors and air can be explosive.

This is an OSHA Class [A flammable li?uid. .
Thermal-oxidative degradation can yield carbon monoxide and partially oxidized
hydrocarbons.

Suamary of risks: Inhalation causes intense burnini of the mucous membranes, throat
and resp1ratorz_trlct; overexposure to vapors can lead to bronchopneumonia, )
Inhalation of high cokc. can-cause fatal pulmonary edema. Repeated or grolqnged skin
exposure causes dormatitis. Can cause blistering of skin due to its defatting
?ropergxes. Expossre to eyes can cause hyperemia of the conjunctiva. .
ngestion or excessive vapors can cause inebriation, drowsiness, blurred vision,
vertigo, confusiom, vomiting and cyanosis (2000 pps produces aild anesthesia in 30
ain., higher conc. are intoxicating in less tile.? Aspiration after ingestion causes
bronchitis, pneumonia, or edema which can be fatal.

Page 2 --- HEALTH HAZARD INFORMATION continues on page 3 --- Page 2



Material Safety Data Sheet

Genium Publishing Corporation Product: AUTOMOTIVE GASOLINE,
1145 Catalyn Stf§§g) gg7eggg4ady, NY 12303 LEAD FREE
From Genium's collection, to be used as reference MSD8 No: Genium / 467
Date: October, 1981

bt et e et +
! HEALTH HAZARD INFORMATION continued from page 2 !
T e D i e e +
First aid:

Eye contact: Flush thoroughly with running water for 15 minutes
including under eyelids.

Skin contact: Remove contaminated clothing. Wash affected area with
soap and water.

Inhalation: Remove to fresh air. Restore breathing and administer
oxygen if needed.

Ingestion: Do not induce vomiting. Aspiration hagard. Contact

physician.
Seek prompt medical assistance for further treatment, observation and support.
e e e e e e e e e e e e e = - e e m e —————— +
i SECTION VII. SPILL, LEAK AND DISPOSAL PROCEDURES H
——————————————————————————————————————————————————————————————————————————————————— +

Spill / Leak procedures: Notify safety personnel of leaks or spills. Remove saurces
of heat or ignition, Provide adequate ventilation. Clean-up personnel reguire !
protection against liquid contact and vapor inhalation. If a leak or spill has not
ignited, use water spray to disperse vapors and to protect men attelpt1ng to stop the
leakage. Contazn'sgzll. Do not allow to enter sewer or surface water. Add absorbent
solid to small spills or residues and pick up for disposal.

Waste management / Disposal: Burn scrap material in an approved incinerator. Burn

contaminated liquid by spraying into an incinerator.
Follow Federal, State, and Local regulations.

Personal protective equipmsent:

Goggles: Avoid eye ammtagt by use of chemical éafety goggles and/or full
faceshield wherd splashing is possible.

Gloves: Wear protective clothing appropriate for the work situation to
-ig;-f:e skin contact sgchpaa gubber gloves and boots.

Respirator: %ﬁiﬁifttor: ~aould be available for nonroutine or emergency use above
e

Other: Clothing to be changed daily and laundered.

Page 3 ---~ SPECIAL PROTECTION INFORMATION continues on page 4 --- Page 3



Material Safety Data Sheet

Genium Publishing Corgoration Product: AUTOMOTIVE GASOLINE,

1145 Catalyn Stfggg’ §$7eg§g4ady, NY 12303 LEAD FREE

Froa Genium's collection, to be used as reference MSDS No: Genium / 467
Date: October, 1981

G O T - S R o T e = - S e e ———— - ————-—— +
' SPECIAL PROTECTION INFORMATION continued from page 3 '

Workplace considerations:

Ventilation: Use general and local exhaust ventilation (gﬁp%g;igg;ggggg) to keep
vapors below the TLV requirements in the workplace.

Safety stations: . . . )
Eyewash fountains, showers, and washing facilities should be readily

available.
Provide suitable training to those handling and working with this material.

' SECTION IX. SPECIAL PRECAUTIONS .
e T et T i E P S P e +

Storage segregation: Store in closed containers in a cool, drz, well-ventilated area

away from sources of heat, ignition and_strong oxidizing agents. Protect containers

£{Ol p?xsigal_gsaage. Avoid direct sunlight. Storage must meet reqguirements of OSHA
ass iquid. :

Outdoor or detached storage preferred. No smoking in areas of uze. Prevent static

electric sparks and use explosion-proof electrical services. (Must meet code).:

Other precautions: Avoid skin and eye contact. Avoid inhalation of vapors. Wear clean
work clothxng daily. Indoor use of this asaterial requires exhaust
o

ventilation remove vapors.
ICC Flammable Liquid, Red Label. LABEL: Flammable Liquid
DOT Class: FLAMMABLE LIQUID UN Register: UN1203

Data source code(s): 2, 4-9, 34, 37. N

Judgeaents as to the ,suitabilitg_o{ information herein for purchaser’s purposes are
necessarily purchaser's responsibility. Therefore, althoufh reasonable care has been
taken in the preparation of such information, Genium Publishing Corporation extends
no warranties, makes no representations and assumes no responsi ility as to the
accuracy or suitability of such information for application to purchaser’s intended
purposes or for the consequences of its use.

Page 4 --- End of MSDS 467 --- Page ¢4



Geniua Publishing Corporation Product: PERCHLOROETHYLENE
1145 Catalyn Street chenec ady, NY 12303 .
(518} 377-8854 MSDS No: Genium / 313
From Genium’'s collection, to be used as reference Revigion: C
Date: November, 1978

Trade/Material Name: PERCHLOROETHYLENE

Other Designations: Perchlorethylene, Tetrachloroethylene, Ethylene Tetrachloride,
Cl2C=CCl2, GE Material D5B84

CAS: 000 127 184

TRADE NAME (MANUFACTURERS): BLACO-PER (Baron-Blakeslee); PERCHLOR (PPG); PERK
(Stauffer); PERCLENE (Diamond Shaarock)

e e e i TS +
i SECTION I1. INGREDIENT.Y AND HAZARDS H
———————————————————————————————————————————————————————————————————————————————————— +
Ingredient Name: Percent: Exposure Limits:
Perchloroethylene plus stabilizer%* ca 100 8-hr TWA 100 Epnt*
with 200 ppa Ceiling

and 300 ppm 5 minute
peak in any 3 hrs.

Rat, Inhalation
LCLo 4000 ppm/4 hrs.

* Stablized material usually contains a small amount of amine and/or phenolic
stabilizer. Stabilizers and levels used vary with the grade and the sufgller.

% Current OSHA levels. ACGIH TLV (1978) is 100 ppa (sk;n;. In 1976 NIOSH approved a
10-hr TWA of 50 ppm with a 100 ppm ceiling (15 min. sample :

NIOSH (1978) has warned of possible carcogenicity based on animal tests.

Appearance & Odor: Colorless %iauid with gleasant etheral odor whose recognition
threshold (100X of test panel, unfatigued) is 4.68 ppam in air.

Boiling peimt: 250°F (121°C), 1 ata Evaporation rltgi ?.§g3(8C14=1)

Vapor 3 15.8 @ 22°C, ma H Specific gravity (Ha0=1
Water .o“ﬁbxft' 3' '?z;; Segligible ' ¢ pe gravity 50740C
Vapor density qll t 5.83 X volatile by volure: ca 100

Molecular veight: 165.83

Page 1 ---~ MSDS 313 continues on page 2 --- Page 1



Material Safety Data Sheet

1145 ¢ Ge?iunsgubléshén Cor agatigg 12303 Product: PERCHLOROETHYLENE
t ree chenectady,
aralyh SH518) 377-8854 MSDS No: Genium / 313
From Genium's collection, to be used as reference Revision:

Date: November, 1978

o e e e e e e e e e e e e e e +

' SECTION IV. FIRE AND EXPLOSION DATA H

e e e e e e e e e e e e e e e e +

Flash Point (method): Not Combustible Limits: LEL %: N/A UEL X: N/A

Extinguishing Media: Use that which is suitable for the Autoiﬁnition Temp:
surrounding fire. NONE

Unusual fire or explosion hazards: Although not combustible, perchloroethylene can be
hazardous in a fire situation because of vapor generation and from thermo-oxidative

?egradaglo? at high teaperature to phosgene (highly toxic) and hydrogen chloride
corrosive).

Special fire-fighting procedures: Firefighters should use self-contained breathing
ap ar:.us when this material is involved in a fire
situation.

Material is stable under normal storage and handling conditions.

Cheaical incompatibilities: Avoid mixing with caustic soda or potash. Do not allow
hydrochloric acid build-up to occur in degreasing tanks
(stabilizer exhausted).

Hazardous decomposition Products: Vapor exposure to high temperature or electric arcs
may cause decomposition to hydrogen chloride and
phosgene (highly toxic).

Prolonged exposure to sunlight (UV) can degrade unstabilized material.

Summary of risks: Perchloroethylene may cause dermatitis through prolonged or .
repeated skin contact with liquid and irritation, lachrymation, and burning sensation
of the e{es by liquid or ‘vapor contact. Loss of coordination, narcosis, tremors,
abdominal cramps, irritation of the res£1ra;ory tract, and nausea may result fros
inhalation of excessive airborne concentrations. (600 ppm for 10 minutes may affect
ghetgentral nervous systeam.) Very high exposures produce unconsciousness and even

ea B

Page 2 --- HEALTH HAZARD INFORMATION continues on page 3 -~- Page 2



Material Safety Data Sheet

Genium Publishing Corporation Product: PERCHLOROETHYLENE
1145 Catalyn Street, Schenectady, NY 12303
(518) 377-8854 MSDS No: Genium / 313
Froam Genium's collection, to be used as reference Revision: C
Date: November, 1978
o e e e e e e e +
! HEALTH HAZARD INFORMATION continued from page 2 !
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First aid:

Eye contact: Wash eyes with copious amounts of running water to
relieve irritation.

Skin contact: Remove contaminated clothes. Wash exposed skin with
soap and water.

Inhalation: Remove patient to fresh air; restore breathing if
necessary. Promptly contact physician. Advise doctor
not to administer adrenalin.

Ingestion: If taken internally, induce vomiting. Contact physician
proaptly; advise doctor not to administer adrenalin.

Spill / Leak procedures: Supply maximum ventilation. Confine spill to small area; do
not allow run off into sewer. Those involved in clean-ug need protection from liquid
contact and vapor inhalation. Pick up spill on absorbent solid. "

Waste management / Disposal: Place in covered container for disposal. Chlorinated
solvents in large amounts should be burned in an approved incinerator with
appropriate fume scrubbing. Also, consult licensed waste disposal company in your
locality and gon§1der.recove;§ of perchloroethilene solvent by distillation. Scrap
solvent and distillation residues aust be handled as toxic waste. Follow Federal,
State and Local regulations for waste disposal.

tersonal protective equipment:
Goggles: Appropriate eye and face protection should be used.

Gloves: Neopreme, Vitom, PVA or PVC coated gloves should be used to prevent
skin exposure.

Respirator: For emergency and non-routine exposure above the TLV approved full
facgséece respirators should be used - cartridge and canister types up
to pps, and air-supplied or selt—contgxned types above 500 ppa.

Other: Where splashing is possible, apronstand protective clothing may be
indicated. -

Page 3 --- SPECIAL PROTECTION INFORMATION continues on page 4 -~~~ Page 3
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Workplace considerations:

Ventilation: Airborne levels should be kegt below TLV levels by use of general
ventilation and local exhaust ventilation. Provide floor Ievel
ventilation to remove these vapors.

Where eye contamination is possible, an eye wash fountain should be readily available.

Storaﬁe segregation: Store in a cool, dry, well-ventilated place in closed containers
away from fire hazards. High temperature (700°C) or intense UV light can decompose
perchloroethylene to toxic and corrosive materials. Smoking, open flame, weldiny,
etc. should not be permitted in area of use or storage.

Other precautions: It is recommended that workers with blood pressure, heart, live:,
kldng¥ or pulmonary problems, with nervous system disorders, with excessive obesity,
or with alcohol consumption problems should not work in proximity to this or other
chlorinated solvents. -

One study has indicated possible teratogenic effects. NIOSH has recommended that this
material be handled &* ;E it were a human carcinogen. (Current Intelligence
Bulletin No. 20, 197

Data source code(s): 1-9, 12, 21. N

Judger°nts as to_ the ,auitabili;g,ot information herein for purchaser's purposes are
necessgrllz purchaser’'s responsibility. Therefore, although reasonable care has been
taken in the preparation of such information, Genium Publishing Co;ggratzon extends
no warranties, makes no representations and assumes no responsi ility as to the
accuracy or suitability of such information for application to purchaser’s intended
purposes or for the consequences of its use.

Page 4 --- End of MSDS 313 --- Page 4
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------------------------- drmmcr e ———————
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! SECTION I. MATERIAL IDENTIFICATION :
b et e T T T —— +

Trade/Material Name: TRICHLCROETHYLENE

Description: Prepared from sym-tetrachloroethane by way of eliminating HCl by boiling
with lime. Used to manufacture organic chemicals, gharn&cegtxcals; in degreasing and
dry cleaning; and as a solvent for fats, waxes, rubbers, oils, paints, varnishes,
ethers, and cellulose esters.

Other Designations: Ethylene Trichloride; TCE; Trichloroethene; 1,1
2-Trichloroethylene; C2HCl3; NIOSH RTECS #kx4350000

CAS: 0079-01-6

COMMENTS: Trichloroethylene is a toxic solvent and a suspected occupational
carcinogen.

Available from several suppliers, including:

Manufacturer: Dow Chemical USA Phone: 5517&3636-1000; (800)
2020 Dow Center 58-CHEM .
Midland, MI 48640
o e e e e e e e e e e +
i SECTION I1. INGREDIENTS AND HAZARDS i
Ingredient Name: CAS Number: Percent: Exposure Limits:
Trichloroethylene 0079-01-6 100 ACGIH Values 1987-88

TLV-TVA*; 50 ppa,

270 l{él
TLV-STEL**: 200 ppa,
1080 mg/m?

Page 1 --- INGREDIENTS AND HAZARDS continues on page 2 --~ Page 1
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' INGREDIENTS AND HAZARDS continued from page 1 !
B i e +

OSHA PEL 1986%*x
8-Hr TWA: 100 ppa
Cexllngz 200 gpn
NIOSH REL 198
10-Hr TWA: 25 ppma
TOXICITY DATA
Human, Oral, LDLo:

g/kg .
Human, Inhalation,
TCLo: 6900 mg/m3

10 Min

uman, [nhalation,
TCLo: 160 ppm/83
Min
Human, Inhalation,
TDLo: 812 mg

NIOSH RTECS #KX4550000

* The TLY-TWA is set to control subjective complaints such as headache, fatigue, and
irritability. :

** The TLV-STEL is set to Trevent incoordination and other beginning anesthetic
effects from trichloroethylene. These levels should provide a wide margin of safety
in preventing liver injury.

*xx The OSHA PEL is 300 ppa for 5 minutes in any 2 hours.

Appearance & Odor: Colorless, nonflammable mobile liquid; sweetish odor like
chlorofors.

Boiling point: 188.6°F (87°C) rlti?335:§§: Not Listed

Evapo
Vapor pressyre: 53 Torr at 68°F (20°C) 8 itic gravit 1.4649 at
Water sgfgbigit ?2;: Insoluble ( ) Spec gravity 68°F (20°C)
Vapor density rel): 4.53 Melting point: -1gg,gog§
Molecular weight: 31. 40
Graas/Mole

COMMENTS: Trichloroethslene is highly soluble in lipids, A high vapor pressure at
agglatenperature provides the potential for trichloroethylene vapors to contaminate
reas.

Page 2 --- M3SDS 312 continues on page 3 --- Page 2
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' SECTION IV. FIRE AND EXPLOSION DATA !
D ittt D D et el T T T ppp—— +
Flash Point (method): Not Listed Limits: LEL %: 8 UEL X: 10.5
Extinguishing Media: Trichloroethylene has no flash point in Autoiggition Teap
a conventional closed tester at rooam temperature, but it is 770°F (410°C)

moderately flammable at higher telgeratures. Use dry
chemical, carbon dioxide, alcohol Poam, or other
extinguishing .gents suitable for the surrounding fire.

. OSHA Flasmability Class (29 CFR 1910.106): Not Regulated

Unusual fire or explosion hagards: During fire conditions trichloroethylene emits
hxghly toxic and irritating fumes, including
hydrochloric acid and phosgene.

Special fire-fighting procedures: Wear a self-contained breathing apparatus with a
full facepiece operated in a_ pressure-demand or another gos1t1ve-pressure mode. At
trichloroethylene vagor levels of 30071000r3pl, fire fighters who lack the proper

respiratory equipsent may experience incoordination and impaired judgment.

DOT Flammability Class (49 CFR 173.115): Not Regulated

Material is stable Hazardous polymerization can occur under certain circumstances
(see Conditions to Avoid and Comments, below).

Chemical incompatibilities: Include magnesium or aluminum Yowder, NaOH, KOH, or other
strongealkalxne materials. Reactions with alkaline materials may lead to the
formation of dangerous explosive mixtures of chloroacetylenes.

Conditions to avoid: When trichloroethylene is heated (as in the case with vapor
degreasers) or exposed to sunlight, it requires extra stabilization against oxidation,
degradation, and polymerization. It is slowly decoaposed by light when moist.

Hagzardous decomposition Products: Include hydrochloric acid and phosgene under
certain conditions at elevated temperatures.

COMMENTS: Trichlorcethylene is stable under normal handling and storage conditions,
and hazardous polymerisation is not expected to occur. However, failure of the
stabilizer at elevated temperatures or other extreme conditions may allow
polymerization to occur.

Page 3 --- MSDS 312 continues on page 4 --- Page 3
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' SECTION VI. HEALTH HAZARD INFORMATION '

This product is considered & carcinogen by the NTP, IARC, and OSHA.*#

Sumsary of risks: Moderate exposures to trichloroethylene cause symptoms similar to
those of alcohol inebriation. Higher concentrations cause narcotic effects.
Ventricular fibrillation has been cited ss the cause of death following heav¥ )
exposures. Trichloroethylene-induced hepato cellular carcinomas have been detected in
mice durxng tests conducted b{ the National Cancer Institute ( & Eng News 5
(April 5, 1976]:4). Organ systems affected by overexposure to trichloroethylene are
the central nervous system eughorla, analgesxa, anesthesia), degeneration of the
liver and kidneys, the lungs (tachypnea), heart (arrhythmia) and skin (irritation,
vesication, and paralysis of fingers when immersed in liquid trichloroethylene).
Contact with the liquid defats the skin, cauaxng.tochal dermatitis. Certain pqule
apgeat to experience synergistic effects from trichloroethylene exposure concomitant
with exposure to caffeine, alcohol, and other drugs. =%

Medical conditions which may be aggravated by contact: Diseases of the liver, kidneys,
lungs, and central nervous
systea.

Target organs: Rﬁgpiratory systeam, central nervous system, heart, liver, kidneys, and
skin. .

Primary entry route(s): Ingestion, inhalation, skin contact.

Acute effects: Headache, vertigo, visual disturbance, tremors, nausea, vomiting,
degl:ﬁ1t1:, dizziness, drowsiness, and irritation to the eyes, nose,
an roat.

Chronic effect(s): None Reported
First aid:

Eye contact: Immediately flush eIes, including under the eyelids
gently but thoroughly with slenty of running water bor
at least 15 minutes. Get medical help.s

Skin contact: Wash thoro hl{ with soap and water. Remove and launder
contamina clothing before wearin&eit.:ggin' clean
material from shoes and equipment. t ical help.*

Inhalatioms Remove victim to fresh air; restore and/or support his
br.athina.ln needed. Do give adrenalin to gﬁe
victia. t medical help.

Ingestion: Call a poison control center. Never give anything bX
mouth to some~ne who is unconscious or convulsing.
professional decision regarding whether or not to
induce vglxtxng is required. Do not give adrenalin to
the victin. Get medical help.%

% GET MEDICAL ASSISTANCE = IN PLANT, PARAMEDIC, COMMUNITY. Get proapt medical
assistance for further treataent, oéaervation, and support after first aid.

Page 4 --- HEALTH HAZARD INFORMATION continues on page 5 --- Page 4
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*x NIOSH recommends that trichloroethylene be treated as an occupational carcinogen.
IARC carcinogenic results are animal suspect, animal positive, and human indefinite.

%% When combined with alcohol intake, toxic effects are increased and may cause a
red, blotchy facial and.ug r body rash commonly called "degreaser's flush."” Other
reported ;{Ipto.s of trichloroethylene exposure include abnormal fatigue, headache,
irritabili {,.gastrlc disturbances, and intolerance to alcohol. Toxic eflects froa
testing of trichloroethylene on humans include hallucination, distorted perception,
somnolence (general depressed activity), and jaundice.

COMMENTS: See Section 9 Coamments

Spill / Leak procedures: Inform safety personnel of any trichloroethylene spill or
leak and evacuate the area for large spills. Cleanup personnel must use respiratory
and lé3u1d_contact rotection. Adequate ventilation must be provided. Confine the
spilled trichloroethylene to as small an area as possible. Do allow it to run
off to sewers or open waterways. Pick u?.spllled richloroethylene with a vacuua
cleaner or an absorbent such as vermiculite.

Waste management / Disposal: Consider reclamation, recicling, or destruction rather
than disposal in a landfill.

Trichloroethylene is designated as a hagardous substance by the EPA (40 CFR 116.4).
Trichloroethylene is reported in the 1983 EPA TSCA Inventory.

EPA Hazardous Waste Number (40 CFR 261.33): U228

EPA Reportable Quantity (40 CFR 117.3): 1000 lbs (454 kgs)

Aquatic Toxicity Rating, TLa 96: Not Listed

R e e o s - et 0 e 2 e e o 8 0 o O +

Personal protective oqniplqnt:

Goggles: Alw wear protective eyeglasses cr chemical safety goggles. Follow
et thc.:;e- andpface-protec ign guidelines of 29 CFR 1515.?53.

Gloves: Wear impervious gloves.

Page 5 --- SPECIAL PROTECTION INFORMATION continues on page 6 -~~ Page 5
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B et et T NS SRS +

Respirator: Use a NIOSH-approved respirator per the NIOSH Guide to Chemical
Hazards (Genium ref. 88) for the maximum-use concentraftions and/or
the exposure limits cited in section 2. Follow the respirator

idelines in 29 CFR 1910.134. Any detectable concentration of

richloroethylene requires an SCBA, full facepiece, and
pressure-deficient atmospheres.

Other: Wear rubber boots, aprons, and other suitable body protection
appropriate to the existing work environment.

Workplace considerations:

Ventilation: Install and operate general and local exhaust ventilation systems of
sufficient gower to maintain airborne concentrations of
trichlrroethylene below the OSHA PEL standards cited in section 2.

Safety stations: i .
Make egewugh stations, washing facilities, and safety showers
available in areas of use and handling.

Contaminated equipament: . oo
Cotnact lenses pose a special hazard; soft lenses may absorb irritante
and all lenses concentrate thea. :

Other: Because of the unresolved controversy about the carcinogenic status of
tr1¢hlor9eth{1ene, all existing personal protective equipment and
engineerin echgologz.should be used to prevent any pussibility of
worker contact with this material.

COMMENTS: Practice good personal hygiene. Keep material off of your clothes and

equipment. Avoid transfer of material from hands to mouth while eatingégdrinking6 ?22

smoking. Adhere to the sanitation requirements of 29 CFR 1910.141 and CFR 19
o e mmc s emce e — e e ———————————— +
i SECTION IX. SPECIAL PRECAUTIONS i

Storage segregatios: Prevent trichloroeggﬁle

om coning into contact with stronE.
caustics such as N y i,

ne fr

KOH; chemically active metal like Ba,
a » Ti; and powdered aluminua or magnesium in acidic
soiutxons.

Special handlin! / storage: Store this material in a cool, dry, well-ventilated area.
Avoid elevated elYeratureu because products of toxic and corrosive decomposition
from trichloroet ene.la{ foram. Monitor the level of any stabilizer component that
may be added to the t;;gh orcethylene. (Consult the technical data from the supplier
to deterpine the specifics of any added stabilizer.) If agplicable follow the
supplier’s recommendation concerning proper rotation of stock, shelf-life

requirements, and levels of stabilizers.

Engineering controls: Avoid collecting aluminum fines (ver{ small particles) or chips
in a trichloroethylene vapor degreaser. Monitor trichloroethylene stabilizer levels

Page 6 --- SPECIAL PRECAUTIONS continues on page 7 --~ Page 6
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regularly. Only trained personnel should operate vapor degreasers.

COMMENTS: (Comments from Section 6) Workers' responses to trichloroethylene vary
ignxfxcantly because of many factors, including age, health status, nutrition, and
ntake of alcohol, caffeine, and medicines. Do not use these substances before,
uring, or after exposure to trichloroethylene. If a worker dlsglays ang of the
sylgtgns of exposure to tr1chlqroeth¥lene,.thoroughly investigate all the possible
contributing factors to determine, il possible, how much the work environment levels
of trichloroethylene are responsxﬁle.

TRANSPORTATION DATA (per 49 CFR 172.101-2):
IMO Class: 6.1

IMO Label: St. Andrew’s Cross (X}*
DOT thpglnﬁ Name: Trichloroethylene
DOT Label: None

8
i
d

¥ Harmful - Stow away from foodstuffs (IMO Label, Materials of Class 6.1 Packaging
Group III).

DOT Clasa: ORM-A UN Regiater: UN1710
Data source code(s): 1-9, 12, 14, 21, 73, 87-94. Pl

Prepared/revised by: Genium Publishing Corporation
August, 1987

Judgements as to the auitabilitg.o{ information herein for purchaser’s purposes are
necessgrzlﬁ purchaser’s responsibility. Therefore, although reasonable care has been
taken in the preparaticn of such information, Genium Publishing Coggqrgtxon extends
no warranties, msakes no representations and assumes no responsibility as to the
accuracy or suitability of such information for application to purchaser’'s intended
purposes or for the consequences of its use.

Page 7 --- End of MSDS 312 --- Page 7
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' SECTION I. MATERIAL IDENTIFICATION '
e e e e e e e e mme—ee e — e ——————— +

Trade/Material Name: TOLUENE
Other Designations: Methyl Benzene, Methyl Benzol, Phenylmethane, Toluol, C7Hs

CAS: 0108-88-3
Available from many suppliers, including:

Manufacturers: Allxed Cor Ashland Chemical Co. ,
PO Box 2062R Industrial Chemicals & Solvents Div.
Morristown, NJ 07960 : _
PO Box 2219
Phone: (201) 455-4400 Columbus, OH 43216

Phone: (614) 889-3844

e e — e m e ————————————————— +
" SECTION II. INGREDIENTS AND HAZARDS i
b e e e e e e e e e
Ingredient Name: Percent: Exposure Limits:
Toluene ca 100 8- hr TLV g
gg lg/n ? kxn

Man, Inhalation,
TCLo: 100 ppm:
Psychotropic $%%
Rat, Oral LDso:
5000

Rat, Inhalation,
LCLo: 4000 ppa/4
hrs.

Page 1 --- INGREDIENTS AND HAZARDS continues on page 2 -=-- Page 1
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Rabbit, Skin
LDso: {4 gm/ﬁg

Human, Eye: 300 ppa

*  Current (1985-86) ACGIH TLV. The OSHA PEL is 200 gﬁn with an acceptable ceiling
concentration of 300 ppm and an acceptable maximum peak of 500 ppm/10 minutes.

*x* Skin designation indicates that toluene can be absorbed through intact skin and
contribute to overall exposure.

#%% Affects the mind.
L

Agpearence & Odor: Clear, colorless liquid with a characteristic aromatic odor. The
odor is detectable to most individuals in the range of 10 to 15 ppm. Because '
olfactgry fatigue occurs rapidly upon exposure to toluene, odor 18 not a good warning
property. :

Boiling point: 231°F (111°C) ... Evaporation rate: 6BuAc=1): 2.24
Vafor. ressure: @ 20°C, am Hg: 2 Specific gravity (H20=1): 0.866
Water solubility (X): @ 20°C, wt.X: 0.05 Melting point: -139°F (-95°C)
Vapor density ?azr:l : 3.14 4 volatile by volume: ca 100

Molecular weight: 92.15

o e m e mce e mc e e e e —e e e m— e —— . ——————— +
i SECTION IV. FIRE AND EXPLOSION DATA i
Flash Point (method): 40°F (4°C) CC Limits: LEL %: 1.27 UEL %: 7.1
Extinguiahing Media: Carbon dioxide, dry cheamical, alcohol Autoignition Teap:
foam. Do not use a solid stream of water because the streaa 896°F (480°C)

will scatter and lg:oqd the fire, Use water spray to cocl
tanks/containers that are expoded to fire and to disperse
vapors.

Unusual fire or explosion basards: This OSHA class IB flammable liquid is a dangerous
fire hazard. It is a moderate fire hazard when exposed to oxidizers, heat .sgarks,
or open flame. Vapors are heavier than air and may travel a considerable distance’'to
an ignition source and flash back.

Special fire-fighting procedures: Fire fighters should wear self-contained breathing
apparatus with full facepiece operated in a
positive-pressure mode when fighting fires
involving toluene.

Page 2 --- MSDS 317 continues on page 3 --- Page 2
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Material is stable in closed containers at room temperature under normal storage and
handling conditions. Hazardous polymerization does not occur

Chemical incompatibilities: This material is incompatible with strong oxidizing
agents, dinitrogen tetraoxide, silver perchlorate, tetranitromethane, and uranium
hexafluoride. Contact with these materials naY cause fire or explosion. Nitric acid
and toluene, especially in the presence of sulfuric acid, will produce nitrated
compounds that are dangerously explosive.

Conditions to avoid: Avoid exposure to sparks, open flame, hot surfaces, and all
sources of heat and ignition. Toluene will gftack some forms of plastics, rubber,
and c93t1ngs. Thermal decomposition or burning produces carbon dioxide and/or carbon
monoxide.

This product is not considered a carcinogen by the NTP, IARC, or OSHA.

Summary of risks: Vapors of toluene la{ cause irritation of the eyes, nose, upper
respiratory tract, and skin. Exposure to 200 pps for 8 hours causes mild fatigue
weakness, confusion, lacrimation (tearing), and paresthesia (a sensation of ricﬁling,
tingling, or creeping on the skin that has no objective cause). Exposure to higher
concentrations may cause headache, nausea, dizziness, dilated pupils, and euphoria,
and, in severe cases, may cause unconsciousness and death., The liquid is irritating

to the eyes and skin., Contact with the eges may cause tr-oansient corneal damage,
con%unctxyal irritation, and burns if not promptly remcved. Repeated and/or prolonged
contact with the skin may cause drying and cracking. It say be absorbed through the
skin in toxic amounts. Ingestion causes irritation of the gastrointestinal tract and
may cause effects resembling those from inhalation of the vapor. Chronic

overexposure to toluene may cause reversible kidney and liver injury.

First aid:

Eye contact: Immediately flush e{ea, including under ezelidg, with
running water for at least 15 minutes. Get medical
attention if irritation persists.#

Skin contact: Immediately flush skin (for at least 15 minutes) while
resoving contaminated shoes and clothing. Wash e;gosed
area xith soap and water. Get medical attention i
%rr1tat10n persists or if a large area has been exposed.

Inhalation: Remove victie to fresh air. Restore and/or support
bregthlng as required. Keep victiam warm and quiet. Get
medical help.*¥

Page 3 --- HEALTH HAZARD INFORMATION continues on page 4 --- Page 3
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Ingestion: Give victim 1 tn 2 glasses of water or milk. Contact a
oison control center. Do not induce vomiting unless
irected to do so. Transgoyt victim to a medical

facility. Never give an{ hing by mouth to a person who
is uncouscious or convulsing. :

* GET MEDICAL ASSISTANCE = In plant, paramedic, community. Get medical help for
further treatment, observation, and support after first aid, if indicated.

Spill / Leak procedures: $otifg safety pervonnel of large spills or leaks. Remove all
sources of heat and ignition. Provide maximum explosion-proof ventilation. Limit
access to spill area to necessary personnel only. Remove leaking containers to safe
place if feasible. Cleanup personnel need protection against contact with liquid and
inhalation of vapor (3ee sect.

Waste management / Disposal: Absorb small spills with paper towel or vermiculite.
Contain large spills and collect if feagsible, or absorb with vermiculite or sand.
Place waste solvent or absorbent into closed containers for disposal using
nonsygrk1ng tools. Liquid can be flushed with water to an open holding area for
handling. Do not flush to sewer, watershed, or waterway.

Place in suitable container for disposal by a licensed contractor or burn in an
approved incinerator. Consider reclaiming { distillation. Contaminated absorbent can
be buried in a sanitary landfill. Follow all Federal, state, and local regulations.
TLm 96: 100-10 ppm. Toluene is designated as a hazaréous.waste by the EPA. The EPA
?ggné HYlg?. is U220 (40 CFR 261). The reportable quantity (RQ) is 1000 1bs/454 kg

Personal protective equipment:
Goggles: Safety glasses or splash goggles should be worn in all work areas.
Gloves: Neoprene gloves should be worn.
Respirator: For energenci or nonroutine exgosures where the TLV I&¥ be exceeded,
use an organic chemical cartridge respirator if concentration is less
than 200 ppa and an apgroved canister gas mask or self-contained

breathing apparatus with full facepiece if concentration is greater
than 200 ppa.
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Other: Apron, face shield, boots, and other appropriate protective clothing
and equipment should be available and worn as necessary to prevent
skin and eye contact.

Remove contaminated clothing immediately and do not wear it until it
has been properly laundered.

Workplace considerations:

Ventilation: Provide general and local exhaust ventilation to meet TLV requirements.
Ventilation fans and other electrical service must be nonsparking and
have an explosion-proof design., Exhaust hoods should have a face
velocity ol at least 100 1fm (linear feet per minute) and be designed

to capture heavy vapor.

Safety stations: )
Eyewash stations and safety shcwers should be readily available in use
and handling aresas.

Contact lenses pose a special hazard; soft lenses may absorb irritants and all lenses
concentrate them. )

Storage segregation: Store in a cool, dry, well-ventilated area away from oxidizing
a?ents heat, sparks, or open flame. Storage areas must meet OSHA requirements for
class 1B flammable liquids. Use metal safety cans for handling small amounts.
Protect containers from physical damage. Use only with adequate ventilation. Avoid
contact with eyes, skin, or clothing. Do not inhale or ingest. Use caution when
handléng this compound because it can be absorbed through intact skin in toxic
asounts.

Special handling / storage: Ground and bond metal containers and equipment to prevent
static sparks when making transfers. Do not smoke 1n use
or storage areas. Use nonsparking tools.

Engineering controla: Preplacement and periodic medical exams emphasizing the liver
kidneys, nervous systeam, lungs, heart, and blood should be provided. Workers expose
to concentrations greater than'the action level (50 pgl) should be examined at least
once a year. Use of alcohol can aggravate the toxic effects of toluene.

Eaptied containers contain product residues. Handle accordingly'! Toluene is
designated as a hazardous gsubstance by the EPA (40 CFR 116).

DOT Class: Fl b%e Liquid UN ister: UN1294
Data source codeis : 1-9, 12, 16, 20, 21, 24, 2b, 34, 81, 82. CR

Prepared/revised by: Genium Pubishing Corp.
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Judgelents as to the Bult&bllltg of information herein for purchaser’s purposes are
necessaril K purchaser’s responsx ility. Therefore, although reasonable care has been
taken in the preparation of such information Genium Publishing Cor ratxon extends
no warrantiea, makes no representations an agsumes no responsibi 1ty as to the
accuracy or suitability of such information for application to purchaser’s intended
purposes or for the consequences of its use.
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Tritium (GH)

Half-Life:
Physical: 12.3 years.
Biological: ~10 days (range: 4-18) total body for HTO.

Special Chemical and Biological Characcteristics: Not selectively concentrated in any organ.
Metabolized as HoO. Tritium is assumed to be readily and conipletely absorbed by the
body and to be distributed evenly throughout the body.

Principal Human Metabolic and Dosimetric Parameters:
fi=10.
ALl (uCi) = 8.1 x 104 (HTO).
DAC (uCi/cm3)= 2.2 x 107 (HTO).



Genium Publxshxng Cor ratlon Product: XYLENE (MIXED ISOMERS)
1145 Catulrn Street, Sc enec NY 12303
(5 MSDS No: Genium / 318

Froa Genium's collection, to be used as reference Revision: C
Date: November, 1980

Trade/Material Name: XYLENE (MIXED ISOMERS)

Other Designations: Xglol, Dimethylbenzene, CsHe(CH3)2; ASTM D843, D845 AND D846;
GE Material DJOB9

CAS: 001 330 207

éva:lable froe many suppliers, including: EXXON Company USA and Shell Chemical
oapany

ettt TR +
i SECTION II. INGREDIENTS AND HAZARDS H
——————————————————————————————————————————————————————————————————————————————————— +
Ingredient Name: Percent: Exposure Limits:
Xylene (o, m, p-isomers) >890 8-hr TWA 100 ppa
(skxng*
435 mg/m?
Xylene Typical
C? to Cs9 Hydrocarbons#* <10
Human: Inhalation
TCLo 200 ppa
(Irritation Effects)
Rat: Oral
LDso 4.3
Husan: Oral
LDLo 50 mg/kg
tMaterisl l&{ conta1n ethylbenzene 8-hr TWA 100 & traces of toluene, and Cs
aronatlc & aliphatic hy rocurbonn. le conlercxa products may contain over 10%

% Current OSHA Soindned and ABGTH 19805 Tt er. NIOSH has proposed a 10-hr TWA of 100

g ) thh a ppa v 0 min. 8 &
bxosssay or carcinogenesis study /78. TLV set to prevent irritant

etfects and CNS depresaion.

non-xylene h drocarbons sostl h{

———— - cercccnrcerecceec e ——- +

i SICTION III. PHYSICAL DATA i

Appearance & Odor: Li]ht col‘red or colorless, mobile liquid with an aromatic odor.
ion threshold (100! of test panel) is about 0.3 ppa in
iir ! ltigued) for xylene.

Boilx int: 135-145°C%, 1 atm rate: 0.6 (BuAc=1l)

Vagor ?‘ Sayre: ca 6 @ 2000, ma Hg Specific ‘rnvit ?Ezost’: 0.86-0.87
Hater solubi ! 8;: Ne’lxgxble volat ‘y ca 100
Vapor density t. r=1): 3. Mol ocullr wai‘ht 106.18

Page 1 --- PHYSICAL DATA continues on page 2 -=- Page 1



Material Safety Data Sheet

Genium Publinhing Corporation Product: XYLENE (MIXED ISOMERS)
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' SECTION IV. FIRE AND EXPLOSION DATA i
P e e m e e e ———— - - - - =
Flash Point (method): >77°F (TCC) Limits: LEL X: 1 UEL %: 7

Extinguishing Media: Use dry chemical, foam, COz2, and water Autoi’nition Teap:
fog or steam to provide a smothering effect on fire. A 867°F

water streaam can scatter flames., A spray of water may be

used to cool fire-exposed containers.

Unusual fire or explosion hasards: This flammable liquid is a dangerous fire hagard
and a moderate exf osion hazard when exposed to heat or flames. Heavier-than-air
vapors can flow along surfaces to distant ignition sources and flash back.

Special fire-fighting procedures: Firefighters should use self-contained breathing
apparatus. _

Material is stable in closed containers at room temperature. Hazardous
polymerization cannot occur

Conditions to avoid: It is flamsable (OSHA Class IC liquid) and can form explosive
aixturea with air. Keep away froa sources of heat, sources of
ignition and strong oxidizing agents.

Thermal-oxidative degradation in air can produce toxic vapors and gases, including
carbon monoxide and oxides of nitrogen.

Susaary of risks: atiok of xylene at the TLV ll{ cause mild irritation and
dizziness in v® persons. Concentrations from 100-200 pps may cause nausea,
headache and Vhior levels >200 pgl can have an anesthesic effect. Si1n
contact P 4 irritation and skin defatting. Eye contact may cause burning
and irritation. jon of xylene laz_cauae poisoning. One ounce or more may be
fatal. Aspiration can be a hagsard if this waterial is swallowed.

-3
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First aid:

Eye contact: Irrigate with water for 15 minutes. Get medical
attention!

S8kin contact: Wash with soap and water. Remove contaminated clothing
promptly. Replace lost skin oils with approved lotions
or creaas.

Inhalation: Remove victim to fresh air. Restore breathing if
required. Get medical attention if symptoms persist or
if nausea or collapse has occurred.

Ingestion: Get medical attention immediately! Give white mineral
oil demulcent and saline cathartic, but do not induce
vomiting unless directed by a physician.

Maintain observation of patient for possible delayed onset of pulmonary edema.

Spill / Leak procedures: Notifﬁ safety personnel. Remove all ignition sources.
Provide adequate ventilation, Use vermiculite or sand to absorb spill; scrape up with
nonsparking tools and place in a covered metal container. The absorbed msterial may
be burned in an open pit, or placed in cardboard boxes and burned in an incinerator.
Sfxlled liquid can be flushed away from sensitive locations with a water streas;
flush to open area not to sewer!

Waste sanagement / Disposal: Scrap liquid la{_be atomized into an apgroved
1nc1nerator£ or it may be disposed of via a licensed solvent disposal com a?{. When
8 ollow

large amounts are involved reclaismation procedures may prove economical.
Federal, State, and Local regulations.

AQUATIC TOXICITY rating TLa 96: 100-10 ppa.
e St e e e e e e mm tm e m e s —— e e cem s eecsec e e ——————————— +

Personal protoct!.n'*m
Goggles: Sq.l&ghuu or goggles should be used for eye protection.

Gloves: Egnn-g.rubber gloves should be worn to prevent contact of xylene with
e skin.

Page 3 --- SPECIAL PROTECTION INFORMATION continues on page 4 ~-=-- Page 3



Material Safety Data Sheet

Genius Publishing Corporation Product: XYLENE (MIXED ISOMERS)
1145 Catalyn Street, Schenectady, NY 12303 _
(518} 377-8854 MSDS No: Genium / 318
From Genium's collection, to be used as reference Revision: C

Date: November, 1980

Respirator: Use apgpoved organic vapor canister respirators for short periods of
nonroutine work or emergency situations at up to 1000-2000 ppm and
approved self-contained respirators for higher and unknown vapor
levels. Full facepiece required.

Other: Aprons should be used.

Workplace considerations:

Ventilation: Provide general ventilation and efficient exhaust ventilation
(explosion-proof equxplent& to meet TLV requirements and to control
heavier-than-air vapors. se >100 1 1fm face velocity for exhaust

oods .

Comprehensive greplacglent and biennial medical examinations to be directed toward
but not limited to, liver, kidney, gastrointestinal disorders, skin irritation, and
the central nervous systes. . .

Eyewash stations should be readily available to use areas.

Storage segregation: Store in closed containers in a clean, cool, well-ventilated
area, away from sources of heat, sources of ignition and afrong oxidizing agents.
Protect containers from physical damage. Bond and ground metal containers when
transferring liquid. Use metal safety cans for small amounts. Use nonsparking tools
for work in solvent area. No Smoking in areas of use or storage.

Other precautions: Prevent skin contact and remove contaminated clothing pponptly.
Avoid repeated or prolonged breathing of vapor. Do not ingest!

Data source code(s): 1-12, 19-21, 23, 26, 31, 34, 37-39. N

"
B

¥.

..

Judgements as to the ,suitabili;g,ot information herein for purchaser'’s purposes are
necessgrllﬂ purchaser’s responsibility. Therefore,.althoufb reasonable care has been
taken in the preparation of such information, Genium Publishing Corporation extends
no warranties, makes no representations and assumes no responsi ility a8 to the
accuracy or suitability of such information for application to purchaser’'s intended
purposes or for the consequences of its use.

Page 4 --- End of MSDS 318 --- Page 4



Appendix D
Trench and Excavation Safety



Chapter X VIl —Occupational Safety and Health Admin.

(2) Decks and other working sur-
faces shall be maintained in a safe
condition.

(3) Employees shall not be permitted
to pass fore and aft, over, or around
deckloads, unless there is a safe pas-
sage.

(4) Employees shall not be permitted
to walk over deckloads from rail to
coaming unless there is a safe passage.
If it is necessary to stand at the out-
board or inboard edge of the deckload
where less than 24 inches of bulwark,
rail, coaming, or other protection
exists, all employees shall be provided
with a suitable means of protection
against falling from the deckload.

(d) First-aid and lifesaving equip-
ment. (1) Provisions for rendering first
aid and medical assistance shall be in
accordance with Subpart D of this
part.

(2) The employer shall ensure that
there is in the vicinity of each barge in
use at least one U.S. Coast Guard-ap-
proved 30-inch lifering with not less
than 90 feet of line attached, and at
least one portable or permanent
ladder which will reach the top of the
apron to the surface of the water. If
the above equipment is not available
at the pier, the employer shall furnish
it during the time that he is working
the barge.

(3) Employees walking or working on
the unguarded decks of barges shall be
protected with U.S. Coast Guard-ap-
proved work vests or buoyant vests.

(e) Caommercial diving operations.
Commerciai diving operations shall be
subject to Subpart T of Part 1910,
§§ 1910.401-19210.441, of this chapter.

{39 R 22801, June 24, 1974, as amended at
42 FR 37674, July 22, 1977}

§1926.606 Definitions applicable to this
subpart.

(a) ““Apron”’—The area along the wa-
terfront edge of the pier or wharft.

(b) “Bulwark”—The side of a ship
above the upper deck.

(¢) “Coaming’’'—The raised frame, as
around a hatchway in the deck, to
keep out water.

(d) “Jacob’s ladder”—A marine
ladder of rope or chain with wooden or
metal rungs.

(e) "Rall”, for the purpose of
§ 1926.605, means a light structure

§ 1926.650

serving as a guard at the outer edge of
a ship’s deck.

Subpart P—Excavations, Trenching,

and Shoring
§1926.650 General protection require-
ments.
(a) Walkways, runways, and

sidewalks shall be kept clear of exca-
vated material or other obstructions
and no sidewalks shall be undermined
unless shored to carry a minimum live
load of one hundred and twenty-five
(125) pounds per square foot.

(b) If planks are used for raised
walkways, runways, or sidewalks, they
shall be laid parallel to the length of
the walk and fastened together
against displacement.

(c) Planks shall be uniform in thick-
ness and all exposed ends shall be pro-
vided with beveled cleats to prevent
tripping.

(d) Raised walkways, runways, and
sidewalks shall be provided with plank
steps on strong stringers. Ramps, used
in lieu of steps, shall be provided with
cleats to insure a safe walking surface.

(e) All employees shall be protected
with personal protective equipment
for the protection of the head, eyes,
respiratory organs, hands, feet, and
other parts of the body as set forth in
Subpart E of this part.

(f) Employees exposed to vehicular
traffic shall be provided with and shall
be instructed to wear warning vests
marked with or made of reflectorized
or high visibility material.

(g) Employees subjected to hazard-
ous dusts, gases, fumes, mists, or st-
mospheres deficient in oxygen, shall
be protected with approved respira-
tory protection as set forth in Subpart
D of this part.

(h) No person shall be permitted
under loads handled by power shovels,
derricks, or hoists. To avoid any spill-
age employees shall be required to
stand away from any vehicle being
loaded.

(1) Dally inspections of excavations
shall be made by a competent person.
If evidenice of possible cave-ins or
slides is apparent, all work in the exca-
vation shall cease until the necessary

201



§ 1926.651

precautions have been taken to safe-
guard the employees.

§ 1926.651 Specific excavation require-
ments.

(a) Prior to opening an excavation,
effort shall be made to determine
whether underground installations;
i.e., sewer, telephone, water, fuel, elec-
tric lines, etc., will be encountered, and
if so, where such underground instal-
lations are located. When the excava-
tion approaches the estimated location
of such an installation, the exact loca-
tion shall be determined and when it
is uncovered, proper supports shall be
provided for the existing installation.
Utility companies shall be contacted
and advised of proposed work prior to
the start of actual excavation.

(b) Trees, boulders, and other sur-
face encumnbrances, located so as to
create a hazard to employees involved
in excavation work or in the vicinity
thereof at any time during operations,
shall be removed or made safe before
excavating is begun.

(¢) The walls and faces of all excava-
tions in which employees are exposed
to danger from moving ground shall
be guarded by a shoring system, slop-
ing of the ground, or some other
equivalent means.

(d) Excavations shall be inspected by
a competent person after every rain-
storm or other hazard-increasing oc-
currence, and the protection agsainst
slides and cave-ins shall be increased if
necessary.

(e) The determination of the angle
of repose and design of the supporting
system shall be based on careful evalu-
ation of pertinent factors such as:
Depth of cut; possible variation in
water content of the material while
the excavation is open: anticipated
changes in materials from exposure to
air, sun, water, or freezing; loading im-
posed by structures, equipment, over-
lying material, or stored material; and
vibration from equipment, blasting,
traffic, or other sources.

(f) Supporting systems; i.e., piling,
cribbing, shoring, etc., shall be de-
signed by a qualified person and meet
accepted engineering requirements.
When tie rods are used to restrain the
top of sheeting or other retaining sys-
tems, the rods shall be securely an-

Title 29 —Labor

chored well back of the angle of
repose. When tight sheeting or sheet
piling is used, full loading due to
ground water table shall be assumed,
unless prevented by weep holes or
drains or other means. Additional
stringers, ties, and bracing shall be
provided to allow for any necessary
temporary removal of individual sup-
ports.

(g) All slopes shall be excavated to
at least the angle of repose except for
areas where solid rock allows for line
drilling or presplitting.

(h) The angle of repose shall be flat-
tened when an excavation has water
conditions, silty materials, loose boul-
ders, and areas where erosion, deep
frost action, and slide planes appear.

(iX1) In excavations which employ-
ees may be required to enter, excavat-
ed or other material shall be effective-
ly stored and retained at least 2 feet or
more from the edge of the excavation.

(2) As an alternative to the clearance
prescribed in paragraph (i)(1) of this
section, the employer may use effec-
tive barriers or other effective retain-
ing devices in lieu thereof in order to
prevent excavated or other materials
from falling into the excavation.

(j) Sides, slopes, and faces of all ex-
cavations shall meet accepted engi-
neering requirements by scaling,
benching, barricading, rock bolting,
wire meshing, or other equally effec-
tive means. Special attention shall be
given to slopes which may be adverse-
ly affected by weather or moisture
content.

(k) Support systems shall be planned
and designed by a qualified person
when excavation is in excess of 20 feet
in depth, adjacent to structures or im-
provements, or subject to vibration or
ground water.

(1) Materials used for sheeting, sheet
piling, cribbing, bracing. shoring, and
underpinning shall be in good service-
able condition, and timbers shall be
sound, free from large or loose knots,
and of proper dimensijons.

(m) Special precations shall be taken
in sloping or shoring the sides of exca-
vations adjacent to a previously back-
filled excavation or a fill, particularly
when the separation is less than the
depth of the excavation. Particular at-
tention also shall be paid to joints and
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Chapter XVIl —Occupational Safety and Health Admin.

seams of material comprising a face
and the slope of such seams and
joints.

(n) Except in hard rock, excavations
below the level of the base of footing
of any foundation or retaining wall
shall not be permitted, unless the wall
is underpinned and all other precau-
tions taken to insure the stability of
the adjacent walls for the protection
of employees involved in excavation
work or in the vicinity thereof.

(0) If the stability of adjoining build-

. ings or walls is endangered by excava-
tions, shoring, bracing, or underpin-
ning shall be provided as necessary to
insure their safety. Such shoring,
bracing. or underpinning shall be in-
spected daily or more often, as condi-
tions warrant, by a competent person
and the protection effectively main-
tained.

(p) Diversion ditches, dikes, or other
suitable means shall be used to pre-
vent surface water from entering an
excavation and to provide adequate
drainage of the area adjacent to the
excavation. Water shall not be allowed
to accumulate in an excavation.

(qQ) If it is necessary to place or oper-
ate power shovels, derricks, trucks,
materials, or other heavy objects on a
level above and near an excavation,
the side of the excavation shall be
sheet-piled, shored, and braced as nec-
essary to resist the extra pressure due
to such superimposed loads.

(r) Blasting and the use of explosives
shall be performea in accordance with
Subpart U of this part.

(s) When mobile equipment is uti-
lized or allowed adjacent to excava-
tions, substantial stop logs or barri-
cades shall be installed. If possible, the
grade should be away from the excava-
tion.

(t) Adequate barrier physical protec-
tion shall be provided at all remotely
located excavations. All wells, pits,
shafts, etc., shall be barricaded or cov-
ered. Upon completion of exploration
and similar operations, temporary
wells, pits, shafts, etc., shall be back-
filled.

(u) If possible, dust conditions shall
be kept to a minimum by the use of
water, salt, calcium chloride, oil, or
other means.

§ 1926.652

(v) In locations where oxygen defi-
ciency or gaseous conditions are possi-
ble, air in the excavation shall be
tested. Controls, as set forth in Sub-
parts D and E of this part, shall be es-
tablished to assure acceptable atmos-
pheric conditions. When flammable
gases are present, adequate ventilation
shall be provided or sources of ignition
shall be eliminated. Attended emer-
gency rescue equipment, such as
breathing apparatus, a safety harness
and line, basket stretcher, etc.., shall
be readily available where adverse at-
mospheric conditions may exist or de-
velop in an excavation.

(w) Where employees or equipment
are required or permitted to cross over
excavations, walkways or bridges with
standard guardrails shall be jrovided.

(x) Where ramps are used for em-
ployees or equipment, they shall be
designed and constructed by qualified
persons in accordance with accepted
engineering requirements.

(y) All ladders used on excavation
operations shall be in accordance with
the requirements of Subpart L of this
part.

8 1926.652
ments.

(a) Banks more than 5 feet high
shall be shored, laid back to a stable
slope, or some other equivalent means
of protection shall be provided where
employees may be exposed to moving
ground or cave-ins. Refer to Table P-1
as a guide in sloping of banks. Trench-
es less than 5 feet in depth shall also
be effectively protected when exami-
nation of the ground indicates hazard-
ous ground movement may be expect-
ed.

(b) Sides of trenches in unstable or
soft material, 5 feet or more in depth,
shall be shored, sheeted, braced,
sloped, or otherwise supported by
means of sufficient strength to protect
the employees working within them.
See Tables P-1, P-2 (following para-
graph (g) of this section).

(c) Sides of trenches in hard or com-
pact soil, including embankments,
shall be shored or otherwise supported
when the trench is more than § feet in
depth and 8 feet or more in length. In
lieu of shoring, the sides of the trench

Specific trenching require-
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§ 1926.652

above the 5-foot level may be sloped to
preclude collapse, but shall not be
steeper than a l-foot rise to each X%-
foot horizontal. When the outside di-
ameter of a pipe is greater than 6 feet,
a bench of 4-foot minimum shall be
provided at the toe of the sloped por-
tion.

(d) Materials used for sheeting and
sheet piling, bracing, shoring, and un-
derpinning, shall be in good servicea-
ble condition, and timbers used shall
be sound and free from large or loose
knots. and shall be designed and in-
stalled so as to be effective to the
bottom of the excavation.

(e) Additional precautions by way of
shoring and bracing shall be taken to
prevent slides or cave-ins when excava-
tions or trenches are made in locations
adjacent to backfilled excavations, or
where excavations are subjected to vi-
brations from railroad or highway
traffic, the operation of machinery, or
any other source.

(f) Employees entering bell-bottom
pier holes shall be protected by the in-

Title 29 —Labor

stallation of a removable-type casing
of sufficient strength to resist shifting
of the surrounding earth. Such tempo-
rary protection shall be provided for
the full depth of that part of each pier
hole which is above the bell. A lifeline,
suitable for instant rescue and secure-
ly fastened to a shoulder harness,
shall be worn by each employee enter-
ing the shafts. This lifeline shall be in-
dividually manned and separate from
any line used to remove materials ex-
cavated from the bell footing.

(g)(1) Minimum requirements for
trench timbering shall be in accord-
ance with Table P-2.

(2) Braces and diagonal shores in a
wood shoring system shall not be sub-
jected to compressive stress in excess
of values given by the following for-
mula:

S=13—20L/D
Maximum ratio L/D=50

Where:
L =Length, unsupported, in inches.
D =Least side of the timber in inches.
S=Allowable stress in pounds per square
inch of cross-section.
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Chapter XVIil —Occupational Safety and Health Admin.

(h) When employees are required to
be in trenches 4 feet deep or more, an
adequate means of exit, such as a
ladder or steps, shall be provided and
located so as to require no more than
25 feet of lateral travel.

(i) Bracing or shoring of trenches
shall be carried along with the excava-
tion.

(j) Cross braces or trench jacks shall
be placed in true horizontal position,
be spaced vertically, and be secured to
prevent sliding, falling, or kickouts.

(k) Portable trench boxes or sliding
trench shields may be used for the
protection of personnel in lieu of a
shoring system or sloping. Where such
trench boxes or shields are used, they
shall be designed, constructed, and
maintained in a manner which will
provide protection equal to or greater
than the sheeting or shoring required
for the trench.

(1) Backfilling and removal of trench
supports shall progress together from
the bottom of the trench. Jacks or
braces shall be released slowly and, in
unstable soil, ropes shall be used to
pull out the jacks or braces from
above after employees have cleared
the trench.

§ 1926.653 Definitions applicable to this
subpart.

(a) ‘“‘Accepted engineering require-
ments (or practices)”’—Those require-
ments or practices which are compati-
ble with standards required by a regis-
tered architect, a registered profes-
sional engineer, or other duly licensed
or recognized authority.

(b) “Angle of repose’’—The greatest
angle above the horizontal plane at
which a material will lie without slid-
ing.

(c) “Bank”—A mass of soil rising
above a digging level.

(d) “Belled excavation"—A part of a
shaft or footing excavation, usually
near the bottcin and bell-shaped; i.e.,
an enlargement of the cross section
above.

(e) “Braces (trench)'—The horizon-
tal members of the shoring system
whose ends bear against the uprights
or stringers.

(f) “Excavation”"—Any manmade
cavity or depression in the earth’s sur-
face, including its sides, walls, or faces,

§ 1926.653

formed by earth removal and produc-
ing unsupported earth conditions by
reasons of the excavation. If installed
forms or similar structures reduce the
depth-to-width relationship, an exca-
vation may become a trench.

(g) "“Faces”"—See paragraph (k) of
this section.

(h) *"Hard compact soil”—All earth
materials not classified as running or
unstable.

(1) “Kickouts"—Accidental release or
failure of a shore or brace.

(J) “Sheet pile”’—A pile, or sheeting,
that may form one of a continuous in-
terlocking line, or a row of timber,
concrete, or steel piles, driven in close
contact to provide a tight wall to resist
the lateral pressure of water, adjacent
earth, or other materials.

(k) “Sides”, “Walls”, or “Faces’—
The vertical or inclined earth surfaces
formed as a result of excavation work.

(1) “Slope”—The angle with the
horizontal at which a particular earth
material will stand indefinitely with-
out movement.

(m) “Stringers” (wales)—-The hori-
zontal members of a shoring system
whose sides bear against the uprights
or earth.

(n) “Trench”—A narrow excavation
made below the surface of the ground.

- In general, the depth is greater than

the width, but the width of a trench is
not greater than 15 feet.

(0) “Trench jack”—Screw or hydrau-
lic type. jacks used as cross bracing in a
trench shoring system.

(9) “Trench shield"—A shoring
system composed of steel plates and
bracing, welded or bolted together,
which support the walls of a trench
from the ground level to the trench
bottom and which can be moved along
as work progresses.

(qQ) “Unstable soil”—Earth material,
other than running, that because of its
nature or the influence of related con-
ditions, cannot be depended upon to
remain in place without extra support,
such as would be furnished by a
system of shoring.

(r) “Uprights’—The vertical mem-
bers of a shoring system.

(s) “Wales''—See paragraph (m) of
this section.

(t) “Walls”"—See paragraph (k) of
this section.
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from the area to be heated to prevent
ignition.

(c) Protection against toxic preserva-
tive coatings: (1) In enclosed spaces,
all surfaces covered with toxic preser-
vatives shall be stripped of all toxic
coatings for a distance of at least 4
inches from the area of heat applica-
tion, or the employees shall be pro-
tected by air line respirators, meeting
the requirements of Subpart E of this
part.

(2) In the open air, employees shall
be protected by a respirator, in accord-
ance with requirements of Subpart E
of this part.

(d) The preservative coatings shall
be removed a sufficient distance from
the area to be heated to ensure that
the temperature of the unstripped
metal will not be appreciably raised.
Artificial cooling of the metal sur-
rounding the heating area may be
used to limit the size of the area re-
quired to be cleaned.

Subpart K—Electrical

General

§1926.400 Introduction.

This subpart addresses electrical
safety requirements that are necessary
for the practical safeguarding of employ-
ees involved in construction work and is
divided into four major divisions and
applicable definitions as follows:

(a) Installation safety requirements.
Installation safety requirements are con-
tained in §§ 1926.402 through 1926.408.
Included in this category are electrical
equipment and installations used to pro-
vide electric power and light on jobsites.

(b) Safety-related work practices.
Safety-related work practices are con-
tained in §§ 1926.416 and 1926.417. In
addition to covering the hazards arising
from the use of electricity at jobsites,
these regulations also cover the hazards
ansing from the accidental contact, di-
rect or indirect, by employees with all
energi lines, above or below ground,
passing through or near the jobsite.

(c) Safety-related maintenance and en-
vironmental  consideraticns.  Safety-
related maintenance and environmental
considerations are contained in
§§ 1926.431 and 1926.432.

§ 1926.403

(d) Safety requirements for special
equipment. Safety requirements for spe-
cial equipment are contained in
§ 1926.441.

(e) Definitions. Definitions applicable
to this Subpart are contained in
§ 1926.449.

§ 1926.401 [Reserved.]

Installation Safety Requirements

§ 1926.402 Applicability.

(a) Covered. Sections 1926.402
through 1926.408 contain installation
safety requirements for electrical equi
ment and installations used to provide
electric power and light at the jobsite.
These sections apply to installations,
both temporary and permanent, used on
the jobsite; but these sections do not
apply to existing permanent installa-
tions that were in place before the
construction activity commenced.

) NoOTE: If the electrical installation is made
in accordance with the National Electrical
Code ANSI/NFPA 70-1984, exclusive of For-
mal Interpretations and Tentative Interim
Amendments, it wil be deemed to be in
compliance with §§ 1926.403 through
1926.408, except for §§ 1926.404(bN1) and
1926.405(aN2)iNE), (F), (G), and (J).

(b) Not covered Sections 1926.402
through 1926.408 do not cover installa-
tions used for the generation, transmis-
sion, and distribution of electric energy.
including related communicat‘on, meter-
ing, control, and transforma:.on installa-
tions. (However, these regulations do
cover portable and vehiclemounted gen-
erators used to grovide power for equip-
ment used at the jobsite.) See Subpart
V of this Part for the construction of

wer distribution and transmission

es.

§ 1926.403 General requirements.

(a) Approval All electrical conductors
and equipment shall be approved.

(b) Examination, ins tion, and use
of equipment—(1) Examination. The em-
ployer shall ensure that electrical equi
ment is free from recogni hazards
that are likely to cause death or serious
physical harm to emJJloyees. Safety of
equipment shall be determined on the
basis of the following considerations:
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§ 1926.403

(i) Suitability for installation and use
in conformity with the provisions of this
subpart. Suitability of equipment for an
identified purpose may be evidenced by
listing, labeling, or certification for that
identified purpose.

(i) Mechanical strength and durabil-
ity, including, for parts designed to
enclose and protect other equipment,
the adequacy of the protection thus
provided.

(iii) Electrical insulation.

(iv) Heating effects under conditions
Of(m}xrcmg ff

v) ing effects.

(vi) Classification by type, size, volt-
age, current capacity, C use.

(vii) Other factors which contribute to
the practical safeguarding of employees
using or likely to come in contact with
the equipment.

(2) Installation and use. Listed, la-
beled, or i equipment shall be
instalied and used in accordance with
instructions included in the listing, la-
belingl,’ or certification. E )

(c) Interrupting rating. Equipment in-
tendedtobreakcurrentshallhavlean
interrupti rating at system vo
sufﬁcien%ni%r the current that must
interrupted.

(d) Mounting and cooling of equip-
ment-—(1) Mounting. Electric equipment
shall b2 firmly secured to the surface on
which it is mounted. Wooden plugs
driven into holes in masonry, concrete,
plaster, or similar materials shall not be

(2) Cooling. Electrical equipment
which upon the natural circula-
Conling "of “ssposs strfaces” shall be
coo aces S
installed so that room air flow over such
surfaces is not prevented by walls or by
adjacent installed equipment. For egmp-
ment designed for floor mounting, clear-
ance between top surfaces and adjacent
surfaces shall be provided to dissipate
rising de:mth air. (ﬂm eguipm::lti

rovided with ven s
Be’installed so that walls or other ob-
structions do not prevent the free circu-
lation of air through the equipment.

(e) Splices. Conductors shall be
&liced or joined with splicing devices

igned for the use or by brazin f
welding, or solderi with a fusib
metal or alloy. Sol splices shall

Title 29 —Labor

first be so spliced or joined as to be
mechanically and electrically secure
without solder and then soldered. All
splices and joints and the free ends of
conductors shall be covered with an
insulation equivalent to that of the con-
ductors or with an insulating device
designed for the purpose.

(f) Arcing parts. Parts of electric
egmofmt which in ordinary operation
produce arcs, sparks, flames, or molten
metal shall be enclosed or separated and
isolated from all combustible material.

(g) Marking. Electrical equipment
shall not be used unless the
manufacturer's name, trademark, or
other descriptive marking by which the
organization responsible for the product
may be identified is placed on the equip-
ment and unless other markings are
provided giving voltage, current, watt-
age, or other rati.ngs as necessary. The
marking shall be of sufficient durability
to withstand the epvironment involved.

(h) Identification of disconnecting
means and circuits. Each disconnecting
means required by this subpart for mo-
tors and appliances shall be legibly
lmark&fi dedimw purposeh , unless
ocal and arr so the purpcse is
evident. Each service, feeder, and
branch circuit, at its disconnecting
ineaﬁs or ¢i:reedrcm1-en;l device, shall be
egibly mar] to indicate its purpose,
uniess located and arranged so the pur-
pose is evident. These markings shall be
of sufficient durability to withstand the
environment involved.

(i) MhVolts,hanondnaL or less. This
paragraph applies to equipment operat-
m% at 600 voft’s. nominal, or less.

() Working space about electric equip-
ment. Sufficient access and worki es
space sa!lxlall be provided and maintain
about electric equipment to permit
ready and safe operation and mainte-

nance of such equipment.

(i) Working ecfﬁmnces. Except as re-
quired or permitted elsewhere in this
subpart, the dimension of the working
space in the direction of access to live
mm operating at 600 volts or less and
ikely to require examination, adjust-
ment, icing, or maintenance while
alive shall not be less than indicated in
Table K-1. In addition to the dimen-
sioc: shown in Table K-1, workspace
shad not be less than 30 inches (762
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mm) wide in front of the electric equip-
ment. Distances shall be measured from
the live parts if they are exposed, or
from the enclosure front or opening if
the live parts are enclosed. Walls con-
structed of concrete, brick, or tile are
considered to be egrounded. Working
sgace is not required in back of assem-
blies such as dead-front switchboards or
motor control centers where there are
no renewable or adjustable parts such
as fuses or switches on the back and
where all connections are accessible
from locations other than the back.

TasLe K—1—WORKING CLEARANCES

Minimum clear distance for

conditions’
Nominal voitage to ground
(@ (b) (€)
Feet? Foet? Foet?
0180 .. .. ... ... 3 3 3
151-600. .. .. .. 3 312 4

effectively guarded by insulating material. insulated wire
insulated busbars operating at not over 300 volts
considered live pants. (b) Exposed live parts on one
grounded parts on the other side. (C) Exposed live parts on
both sides of the workspace [not guarded as provided in
Condition (a)] with the operator between.

%For International System of Units (SI): one foot » 0.3048m.

(i) Clear spaces. Working space re-
quired by this subpart shall not be used
for storage. When normally enclosed
live parts are exposed for inspection or
servicing, the working space, if in a
geassage;veﬁy or general open space, shall

arded.

(i) Access and entrance to working
space. At least one entrance shall be
provided to give access to the working
space about electric equipment.

(iv) Front working space. Where there
are live parts normally exposed on the
front of switchboards or motor control
centers, the worki;xﬁ space in front of
such equipment shall not be less than 3
feet (914 mm). ,

(v} Headroom. The minimum head-
room of working spaces about service
equipment, switchboards, panelboards,
or motor control centers shall be 6 feet
3 inches (1.91 m).

(2) Guarding of live parts.—(i) Except
as required or permitted elsewhere in
this subpart, live parts of electrical

§ 1926.403

equipment operating at 50 volts or more
shalP be guarded against accidental con-
tact by cabinets or other forms of enclo-
sures, or by any of the following means:

(A) By location in a room, vault, or
similar enclosure that is accessible only
to qualified persons.

(B) By partitions or screens so ar-
ranged that only qualified persons will
have access to the space within reach of
the live parts. Any openings in such
partitions or screens shall be so sized
and located that dpersons are not likely
to come into accidental contact with the
live parts or to bring conducting objects
into contact with them.

(C) By location on a balcony, gallery,
or platform so elevated and arranged as
to exclude unqualified persons.

(D) By elevation of 8 feet (2.44 m) or
more above the floor or other working
surface and so installed as to exclude
unqualified persons.

(1) In locations where electric equip-
ment would be exposed to physical dam-
age, enclosures or guards shall be so
arranged and of such strength as to
prevent such damage.

(iii) Entrances to rooms and other
Euarded locations containing exposed

ve parts shall be marked with conspic-
uous warning signs forbidding unquali-
fied persons to enter.

(j) Over 600 volts, nominal —(1) Gen-
eral Conductors and equipment used on
circuits exceeding 600 voits, nominal,
shall comply with all applicable provi-
sions of paragraphs (a) t gh (g) of
this section and with the following pro-
visions which supplement or modify
those uirements. The provisions of
paragraphs (jH2), ()X3), and (jK4) of this
section do not apPly to equipment on
the supply side ot the service conduc-
tors.

(2) Enclosure for electrical installa-
tions. Electrical installations in a vault,
room, closet or in an area surrounded biz
a wall, screen, or fence, access to whic
is controlled by lock and key or other
equivalent means, are considered to be
accessible to qualified lpersons only. A
wall, screen, or fence less than 8 feet
(244 m) in height is not consicered
adequate to prevent access unless it has
other features that provide a degree of
isolation equivalent to an 8-{oot (2.44-m)
fence. The entrances to all buildings,

127



§ 1926.403

rooms or enclosures containing exposed
live parts or exposed conductors operat-
ing at over 600 volts, nominal, shall be
kept locked or shall be under the obser-
vation of a qualified person at all times.

(i) Installations accessible to qualified

ersons only. Electrical installations
ﬁaving exposed live parts shall be acces-
sible to qualified persons only and shall
comply with the applicable provisions of
paragraph (jN3) of this section.

(ii) Installations accessible to unquali-
fied persons. Electrical installations that
are open to unqualified persons shall be
made with metal-enclosed equipment or
shall be enclosed in a vault or in an
area, access to which is controlled by a
lock. Metal-enclosed switchgear, unit
substations, transformers, pul! boxes,
connection boxes, and other similar as-
sociated equipment shall be marked
with appropriate caution signs. If equip-
ment is to physical damag:
from vehicular traffic, guards shall
provided to prevent such damage. Ven-
tilating or similar openings in metal-
enclosed equipment shall be designed so
that foreign objects inserted through
these openings will be deflected from
energized parts.

(3) Workspace about equipment. Suffi-
cient space shall be provided and main-
tained about electric equipment to per-
mit ready and safe operation and
maintenance of such equipment. Where
energized parts are ., the mini-
mum clear wor shall not be less
than 6 feet 6 inches (1.98 m) high
(measured vertically from the floor or
platform), or less than 3 feet (914 mm)
wide (m parallel to the equip-
ment). The depth shall be as required in
Table K-2. The wor sh 905 ade-
quate to permit at a egree
opening of doors or hinged panels.

(i) km:rking spacﬁe..o Thefmmxmei imum clear
working space in front of electric equi
ment such as switchboards, control pag:
els, switches, circuit breakers, motor
controllers, relays, and similar equip-
ment shall not be less than specified in
Table K-2 unless otherwise specified in
this subpart. Distances s be mea-
sured from the live parts if they are
exposed, or from the enclosure front or
opening if the live parts are enclosed.

owever, working space is not rﬁk uired
in back of equipment such as deadfront

Title 29 —Labor

switchboards or control assemblies
where there are no renewable or adjust-
able parts (such as fuses or switches) on
the back and where all connections are
accessible from locations other than the
back. Where rear access is required to
work on de-energized parts on the back
of enclosed equipment, a minimum
working space of 30 inches (762 mm)
horizontally shall be provided.

TABLE K-2—MINIMUM DEPTH OF
CLEAR WORKING SPACE IN
FRONT OF ELECTRIC EQUIPMENT

Nominal voltage to ground Conditions’

(a) (b) ()

Feet?  Feet®  Feet’
601162500 .......... .. .. 3 4 5
250119000.... ... ... 4 5 6
9.0011025000. . ... ..... .. S 6 9
2500110 75kV.. . ... ... 6 8 10
ADOVe 75kV . .............. 8 10 12

‘Conditions (a), (), and (c) are as follows: (a) Exposed live
mmmwmmlmwgmmimmlmmw

(c) Exposed fve pats on both sides of the workspace [not
guarded as provided in Condition (a)] with the operator
betwesn

For SI units: one foot = 0.3048m.

(i) Lightinil outlets and points of con-
trol The lighting outlets shall be so
arranged that persons changing lamps
or making repairs on the lighting sys-
tem will not be end red by live parts
or other equipment. The points of con-
trol shall be so located that persons are
EOt likely to come in cont.agt ;vith any
ive part or moving part of the equip-
ment while turning on the lights.

(iii) Elevation of unguarded live parts.
Unguarded live parts above working
space shall be maintained at elevations
not less than specified in Table K-3.

TABLE K=3 ELEVATION OF UNGUARDED
ENERGIZED PARTS ABOVE WORKING SPACE

Nominal voltsge Mimmum eigvation
Between phases
801-7.500 " 8tost 8 inches’
7.501-35,000 9 fest
Over kv 9 fest + 0.37 inches

per kV above ISkV

‘Eor St unts: one Inch = 25.4 mm; one foot = 0 3048 m
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(4) Entrance and access to workspace.
At least one entrance not less than 24
inches (610 mm) wide and 6 feet 6
inches (1.98 m) high shall be provided to
give access to the working space about
electric eQuigrnent. On switchboard and
control panels exceeding 48 inches (1.22
m) in wadth, there shall be one entrance
at each end of such board where practi-
cable. Where bare energized parts at
any voltage or insulated energized parts
above 600 volts are located adjacent to
such entrance, they shall be guarded.
(Information collection requirements
contained in paragr:ghs (%) and (h) were
approved by the Office of Management
and Budget under control num-
ber: 1218-0130.)

§1926.404 Wiring design and protection.

(a) Use and identification of grounded
and grounding conductors.—

(1) Identification of conductors. A
conductor used as a grounded conductor
shall be identifiable and distinguishable
from all other conductors. A conductor
used as an equipment grounding con-
ductor shall be identifiable and distin-
guishable from all other conductors.

(2) Polarity of connections. No

grounded conductor shall be attached to
any terminal or lead so as to reverse
designated polarity.
- (3) Use of grounding terminals and
devices. A grounding terminal or
grounding-type device on a receptacle,
cord connector, or attachment [i)lug shall
not be used for purposes other than
grounding.

(b) Branch circuits.—(1) Ground-fault
protection.—(i) General The employer
shall use either grounec(ii-fault circuit int;
terrupters as specified in paragrap
(b)(l)(i?) of this section or an assured
equipment grounding conductor pro-
gram as specified in paragraph (b)iNiii)
of this section to protect employees on
construction sites. These requirements
are in addition to any other require-
ments for equipment grounding conduc-

tors.

(i) Ground-fault circuit interrupters.
All 120-volt, single-phase, 15- and 20-
ampere receptacle outlets on construc-
tion sites, which are not a part of the
permanent wiring of the building or
structure and which are in use by em-
vloyees, shall have approved ground-

§ 1926.404

fault circuit interrupters for personnel
protection. Receptacles on a two-wire,
single-phase portable or vehicle-mounted
generator rated not more than S5kW,
where the circuit conductors of the gen-
erator are insulated from the generator
frame and all otheg;frounded surfaces,
need not be protected with ground-fault
circuit interrupters.

(iii) Assured equipment groundin
conductor program. The employer sh
establish and implement an assured
equipment grounding conductor pro-
gram on construction sites covering all
cord sets, receptacles which are not a
part of the building or structure, and
ecg;x%ment connected by cord and plug
which are available for use or u by
erp&loyees. This program shall comply
with the following minimum require-
ments:

(A) A written description of the pro-
gram, including the specific procedures
adopted by the employer, shall be avail-
able at the jobsite for inspection and
copying by the Assistant Secretary and
any affected employee.

(B) The employer shall designate one
or more competent persons (as defined
in §1926.32(f)) to implement the pro-

gram.

(C) Each cord set, attachment cap,
plug and receptacle of cord sets, and
any equipment connected by cord and
plug, except cord sets and receptacles
which are fixed and not exposed to
damage. shall be visually inspected be-
fore each day’'s use for external defects,
such as deformed or missing pins or
insulation damage, and -for indications
of possible internal damage. Equipment
found damaged or defective s not be
used until repaired.

(D) The following tests shall be per-
formed on all cord sets, receptacles
which are not a part of the permanent
wiring of the building or structure, and
cord- and plug-connected equipment re-
quired to be grounded:

(1) All equipment ding conduc-
tors shall be tested for continuity and
shall be electrically continuous.

(2) Each and attachment
cap or plug s be tested for correct
attachment of the equipment grounding
conductor. The equipment grounding
conductor shall be connected to its

proper terminal.
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(E) All required tests shall be per-
formed:

(I} Before first use;

(2) Before equipment is returned to
service following any repairs;

(3) Before equipment is used after any
incident which can be reasonably sus-
pected to have caused damage (for ex-
ample, when a cord set is run over); and

(4) At intervals not to exceed 3
months, except that cord sets and recep-
tacles which are fixed and not exposed
to damage shall be tested at intervals
not exceeding 6 months.

(F) The employer shall not make
available or permit the use by employ-
ees of any equipment which has not met
the requirements of this paragraph
(b)1)iii) of this section.

(G) Tests performed as rﬁmred in
this paragraph shall be recorded. This

test record shall identify each ta-
cle, cord set, and cord- and plug-
connected equipment that p the

test and shall indicate the last date it
was tested or the interval for which it
was tested. This record shall be kept by
means of logs, color coding, or other
effective means and shall be maintained
until replaced by a more current record.
The record shall be made available on
the jobsite for inspection by the Assis-
tant Secretary and any affected em-
ployee.

(2) Outlet devices. Outlet devices shall
have an ampere rating not less than the
load to be served and shall comply with
the f?sllowmg'l'e : e ingl

(i) Single receptacles. A single rece
tacle installed on an individual branc%
circuit shall have an ampere rating of
not less than that of the branch circuit.

(i) Two or more receptacles. Where
connected to a branch circuit supply
two or more receptacles or outlets, re-
cantacle ratings shall conform to the
values listed in Table K-4.

(iii) Receptacles used for the connec-
tion of motors. The rating of an attach-
ment plug or receptacle used for cord-
and plug-connection of a motor to a
branch circuit shall not exceed 15 am-
peres at 125 volts or 10 amperes at 250
volts if individual overload protection is
omitted.

(c) Outside conductors and lamps—
(1) 600 volts, nominal or less. lfara-
graphs (cKINi) through (cKINiv) of this
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TABLE K—4—RECEPTACLE RATINGS FOR
Various Size CIRCuITs

Circuit rating
amperes

Receptacie rating
amperes

Not over 15
15Sor 20
30
40 or 50
50

888

section apply to branch circuit, feeder,
and service conductors rated 600 volts,
nominal, or less and run outdoors as
open conductors.

(i) Conductors on poles. Conductors
supported on poles shall provide a hori-
zontal climbing space not less than the
following:

(A) Power conductors below commu-
nication conductors—30 inches (762
mm).

(B) Power conductors alone or above
communication conductors: 300 volts or
less—24 inches (610 mm); more than 300
volts—30 inches (762 mm).

(C) Communication conductors below
power conductors: with power conduc-
tors 300 volts or less—24 inches (610
mm); more than 300 volts—30 inches
(762 mm).

(ii) Clearance from ground. Open con-
ductors shall conform to the following
minimum clearances:

(A) 10 feet (3.05 m)—above finished
grade, sidewalks, or from any platform
or projection from which they might be
reached.

(B) 12 feet {3.66 m)—over areas sub-
ject to vehicular traffic other than truck
traffic.

(C) 15 feet (4.57 m)—over areas other
than those specified in paragraph
(cKINiiKD) of this section that are subject
to truck traffic.

(D) 18 feet (5.49 m)—over public
streets, alleys, roads, and driveways.

(iii) Clearance from building openings.
Conductors shall have a clearance of at
least 3 feet (914 mm) from windows,
doors, fire escapes, or similar locations.
Conductors run above the top level of a
window are considered to be out of
reach from that window and, therefore,
do not have to be 3 feet (914 mm) away.

(iv) Clearance over roofs. Conductors
above roof space accessible to employ-
ees on foot shall have a clearance from
the highest point of the roof surface of
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not less than 8 feet (2.44 m) vertical
clearance for insulated conductors, not
less than 10 feet (3.05 m) vertical or
diagonal clearance for covered conduc-
tors, and not less than 15 feet (4.57 m)
for bare conductors, except that:

(A) Where the roof space is also ac-
cessible to vehicular traffic, the vertical
clearance shall not be less than 18 feet
(5.49 m), or

(B) Where the roof space is not nor-
mally accessible to employees on foot,
fully insulated conductors shall have a
vertical or diagonal clearance of not less
than 3 feet (914 mm), or

(C) Where the volt between con-
ductors is 300 volts or less and the roof
has a slope of not less than 4 inches
(102 mm) in 12 inches (305 mm), the
clearance from roofs shall be at least 3
feet (914 mm), or

(D) Where the voltage between con-
ductors is 300 volts or less and the
conductors do not pass over more than
4 feet (1.22 m) of the overhang portion
of the roof and they are terminated.at a
through-the-rocf raceway or support, the
clearance from roofs shall be at least 18
inches (457 mm).

2 Location of outdoor Iamg:. Lamps
for outdoor lighting shall located
below all live conductors, transformers,
or other electric equipment, unless such
equipment is controlled by a disconnect-
ing means that can be locked in the
open position or unless adequate clear-
ances or other safeguards are provided
for relamping operations.

(d) Services—(1) Disconnecting
means—I(i) General Means shall be pro-
vided to disconnect all conductors in a
building or other structure from the
service-entrance conductors. The discon-
necting means shall plainly indicate
whether it is in the o or closed
position and shall be installed at a
readily accessible location nearest the
point of entrance of the service-entrance
conductors.

(ii) Simultaneous opening of poles.
Each service disconnecting means shall
simultaneously disconnect all un-
grounded conductors.

(2) Services over 600 volts, nominal
The following additional requirements
agfly to services over 600 volts, nomi-
nal.
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(i) Guarding. Service-entrance conduc-
tors installed as open wires shall be
guarded to make them accessible only
to qualified persons.

(1) Warning signs. Signs warning of
high voltage shall be posted where un-
authorized employees might come in
contact with live parts.

(e) Overcurrent protection—(1) 600
volts, nominal or less. The following
requirements apply to overcurrent pro-
tection of circuits rated 600 volts, nomi-
nal, or less.

(i) Protection of conductors and equip-
ment. Conductors and equipment shall
be protected from overcurrent in accor-
dance with their ability to safely con-
duct current. Conductors shall have suf-
ficient ampacity to carry the load.

(i) Grounded conductors. Except for
motor-running overload protection,
overcurrent devices shall not interrupt
the continuity of the grounded conduc-
tor unless conductors of the circuit
are opened simultaneously.

(iii) Disconnection of fuses and ther
mal cutouts. Except for devices pro-
vided for current-limiting on the supply
side of the service disconnecting means,
all cartri fuses which are accessible
to other than qualified persons and all
fuses and thermal cutouts on circuits
over 150 volts to ground shall be pro-
vided with disconnecting means. The
disconnecting means shall be installed
so that the fuse or thermal cutout can
be disconnected from its supply without
disrupting service to equipment and cir-
cuits unrelated to those protected by
the overcurrent device.

(iv) Location in or on premises.
Overcurrent devices shall be readily ac-
cessible. Overcurrent devices shall not
be located where they could create an
employee safety hazard by being ex-
posed to physical damage or located in
the vicinity of easily ignitible material.

(v) Arcing or suddenly moui:ﬁ ggrts.
Fuses and circuit breakers sh 50
located or shielded that employees will
not be burned or otherwise injured by
their operation.

(vi) Circuit breakers. (A) Circuit
breakers shall clearly indicate whether
they are in the open (off) or closed (on)
position.

(B) Where circuit breaker handles on
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switchboards are operated vertically
rather than horizontally or rotationally,
the up position of the handle shall be
the closed (on) position.

(C) If used as switches in 120-volt,
fluorescent lighting circuits, circuit
breakers shall be marked “SWD.”

(2) OQuver 600 volts, nominal Feeders
and branch circuits over 600 volts, nom-
inal, shall have short-circuit protection.

(f) Grounding. Paragraphs (f)(1)
through (f{11) of this section contain
grounding requirements for systems, cir-
cuits, and equipment.

(1) Systems to be grounded. The fol-
lowing systems which supply premises
wiring shall be grounded:

(i) Three-wire DC systems. All 3-wire
DC systems shall have their neutral
conductor grounded.

(i) Two-wire DC systems. Two-wire
DC systems operating at over 50 volts
through 300 volts between conductors
shall be grounded unless they are
rectifier-derived from an AC system
complying with parag:;phs (DL iii),
(fX1)iv), and (fN1)v) of this section.

(ili) AC circuits, less than 50 volts.
AC circuits of less than 50 volts shall
be ded if they are installed as
overhead conductors outside of build-
ings or if they are suptplied by trans-
formers and the transformer primary
supply system is ungrounded or exceeds
150 volts to ground.

(ivi AC systems, 50 volts to 1000
volts. AC systems of 50 volts to 1000
volts shall be ded under any of the
following conditions, unless exempted
by para‘gnph (fH1Xv) of this section:

(A) If the system can be so grounded
that the maximum voltage to ground on
the ungrounded conductors does not
exceed 150 volts;

(B) If the systemn is nominally rated
480Y/277 volt, 3-phase, 4-wire in which
the neutral is used as a circuit conduc-
tor;

(C) If the system is nominally rated
240/120-volt, 3-phase, 4-wire in which
the midpoint of one phase is used as a
circuit conductor; or

(D) If a service conductor is uninsul-
ated.

(v) Exceptions. AC systems of 50
volts to 1000 volts are not required to
be grounded if the system is separately
derived and is supplied by a transformer
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that has a primary voltage rating less
than 1000 volts, provided all of the
following conditions are met:

(A) E%ﬁe system is used exclusively for
control circuits,

(B) The conditions of maintenance
and supervision assure that only quali-
fied persons will service the installation,

© Contéinuity of control power is re-

an

(D) Ground detectors are installed on
the control system.

(2) Separately derived systems. Where
paragraph (fi(1) of this section requires
grounding of wiring systems whose
power is derived from generator, trans-
former, or converter windings and has
no direct electrical connection, including
a solidly connected grounded circuit con-
ductor, to supply conductors originating
in another system, paragraphs (f)(5) of
this section shall also apply.

(3) Portable and vehicle-mounted gen-
erators—(i) Portable generators. Under
the following conditions, the frame of a
portable generator need not be
grounded and may serve as the iround-
ing electrode for a system supplied by
the generator:

(A) The generator supplies only equip-
ment mounted on the generator and/or
cord- and plug-connected equipment
through tacles mounted on the
generator, an

(B) The noncurrent-carrying metal
parts of equipment and the equipment

ing conductor terminals of the
receptacles are bonded to the generator
frame. ,

(ii) Vehicle-mounted generators. Under
the following conditions the frame of a
vehicle may serve as the ﬁrounding
electrode for a system supplied by a
generator located on the vehicle:

(A) The frame of the generator is
bogBdu'int;eq the vehicle franl:le. anlg

(B) generator supplies only equip-
ment located on the v 7 e and/or cord-
and plug-connected equipment through
recege mounted on the vehicle or
ont ﬁnerawr. and '

(C) fe noncurre:;:ar{ymg metai
parts of equipment the equipmen
grounding conductor terminals of the
receptacles are bonded to the generator
frame, and _

(D) The system complies with all
other provisions of this section.
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(iii) Neutral conductor bonding. A
neutral conductor shall be bonded to the
generator frame if the generator is a
component of a separately derived sys-
tem. No other conductor need be
bonded to the generator frame.

(4) Conductors to be grounded. For
AC premises wiring systems the identi-
fied conductor shall be grounded.

(5) Grounding connections—
(i) Grounded system. For a grounded
sly;st.em, a grounding electrode conductor
shall be used to connect both the equip-
ment grounding connector and the
grounded circuit conductor to the
grounding electrode. Both the equip-
ment grounding conductor and the
grounding electrode conductor shall be
connec to the grounded circuit con-
ductor on the supply side of the service
disconnecting means, or on the supply
side of the system disconnecting means
or overcurrent devices if the system is
separately derived.

(i) Ungrounded systems. For an
ungrounded service-supplied system, the
equipment grounding conductor shall be
connected to the grounding electrode
conductor at the service equipment. For
an ungrounded separately derived sys-
tem, the equipment grounding conduc-
tor shall be connected to the grounding
electrode conductor at, or ahead of, the
system disconnecting means or overcur-
rent devices.

(6) Grounding path. The path to
ground from circuits, equipment, and
enclosures shall be permanent and con-
tinuous.

(T) Supports, enclosures, and equip-
ment to be grounded—(i) Supports and
enclosures for conductors. Metal cable
trays, metal raceways, and metal enclo-
sures for conductors shall be grounded,
except that:

(A) Metal enclosures such as sleeves
that are used to protect cable assem-
blies from phg'sical damage need not be
grounded; an

(B) Metal enclosures for conductors
added to existing installations of open
wire, knob-and-tube wiring, and
nonmetallic-sheathed cable need not be
grounded if all of the following condi-
tions are met:

(1) Runs are less than 25 feet (7.62
m),

(2) Enclosures are free from probable
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contact with ground, grounded metal,
metal laths, or other conductive materi-
als; and

(3) Enclosures are guarded against
employee contact.

(ii) Service equipment enclosures.
Metal enclosures for service equipment
shall be grounded.

(iii) Fixed equipment. Exposed
noncurrent-carrying metal parts of fixed
eq:le»ment which may become energized
shall be grounded under any of the
following conditions:

(A) If within 8 feet (2.44 m) vertically
or 5 feet (1.52 m) horizontally of ground
or grounded metal objects and subject
to employee contact.

(B) If located in a wet or damp loca-
tion and subject to employee contact.

(C) If in electrical contact with metal.
(D) If in a hazardous (classified) loca-
tion.

(E) If supplied by a metal-clad, metal-
sheathed, or grounded metal raceway
wiring method.

(F) If equipment operates with an
terminal at over 150 volts to ground;
however, the following need not be
grounded:

(I) Enclosures for switches or circuit
breakers used for other than service
equipment and accessible to qualified

persons only;

(2) Metal frames of electrically heated
appliances which are permanently and
effectively insulated from ground; and

(3) The cases of distribution appara-
tus such as transformers and capacitors
mounted on wooden poles at a height
exceedin, q 8 feet (2.44 m) above ground
or grade level

(iv) Equipment connected by cord and
plug. Under any of the conditions de-
scribed in paragraphs (f)(7)(iv)(A)
through (f{7XiviC) of this section, ex-

noncurrent-carrying metal parts
of cord- and plug-connected equipment
which may become energized shall be

(A) If in a hazardous (classified) loca-
tion (see § 1926.407).

(B) If operated at over 150 volts to
ground, except for guarded motors and
metal frames of electrically heated appli-
ances if the appliance frames are perma-
nently and egectively insulated from
ground.

(C) If the equipment is one of the
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t listed in paragraphs (f(7)ivNC)J)
through (fM7}ivNC)5) of this section.
However, even though the equipment
may be one of these types, it need not
be grounded if it is exempted by para-
graph ({(7)(ivCK6).

(1) Hand held motor-operated toois;

(2) Cord- and plug-connected equip-
ment used in damp or wet locations or
by employees standing on the ground or
on metal floors or working inside of
metal tanks or boilers;

(3) Portable and mobile X-ray and
associated ecliipment;

(4) Tools likely to be used in wet
and/or conductive locations; and

(5) Portable hand lamps.

(6) Tools likely to be used in wet
and/or conductive locations need not be
grounded if supplied through an isolat-
ing transformer with an ungrounded
secondary of not over 50 volts. Listed
or labeled portable tools and appliances
protected by a system of double insula-
tion, or its equivalent, need not be
grounded. If such a system is employed,
the equipment shall be distinctively
marked to indicate that the tool or
appliance utilizes a system of double
insulation.

(v) Nonelectrical equipment. The
metal parts of the following nonelectri-
cal equipment shall be grounded: frames
and tracks of electrically operated
cranes: frames of nonelectrically driven
elevator cars to which electric conduc-
tors are attached; hand-operated metal
shifting ropes or cables of electric eleva-
tors, and metal partitions, grill work,
and similar metal enclosures around
equipment of over 1kV between conduc-
tors. :

(8) Methods of grounding equip-
ment—(i) With circuit conductors.
Noncurrent-carrying metal parts of fixed
equipment, if required to be grounded
by this subpart, shall be grounded by
an equipment grounding oonductor
which is contained within the same
raceway, cable, or cord, or runs with or
encloses the circuit conductors. For DC
circuits only, the equipment grounding
conductor may be run separately from
the circuit conductors.

(i) Grounding conductor. A conductor
used for grounding fixed or movable
equipment shall have capacity to con-
duct safely any fault current which may
be imposed on it.
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(iii) Equipment considered effectively
grounded. Electric equipment is consid-
ered to be effectively grounded if it is
secured to, and in electrical contact
with, a metal rack or structure that is
provided for its support and the metal
rack or structure is grounded by the
method specified for the noncurrent-
carrying metal parts of fixed equipment
in paragraph (fM8)(i) of this section.
Metal car frames supported by metal
hoisting cables attached to or running
over metal sheaves or drums of
grounded elevator machines are also
considered to be effectively grounded.

(9) Bonding. If bonding conductors
are used to assure electrical continuity,
they shall have the capacity to conduct
any fault current which may be im-

(10) Made electrodes. 1f made elec-
trodes are used, they shall be free from
nonconductive coatings, such as paint
or enamel; and, if practicable, they shall
be embedded below permanent moisture
level. A single electrode consisting of a
rod, pipe or plate which has a resistance
to ground greater than 25 ohms shall be
augmented by one additional electrode
installed no closer than 6 feet (1.83 m)
to the first electrode.

(11) Grounding of systems and cir
cuits of 1000 volts and over (high volt-
age)—(i} General If high voltage sys-
tems are grounded, they shail comply
with all applicable provisions of para-
graphs (f(1) through (f10) of this sec-
tion as supplemented and modified by
this paragraph (fX11).

(ii) Grounding of systems supplying
portable or mobile equipment. Systems
supplying portable or mobile high volt-
age equipment, other than substations
installed on a temporary basis, shall
comply with the followinﬁ

(A) Portable and mobile h;gh voltage
equipment shall be supplied from a
system having its neutral grounded
tKrough an impedance. If a delta-
connected high voltage system is used
to suﬁpl the equipment, a system neu-
tral shall be derived. ) .

(B) Exposed noncurrent-carrying
metal parts of portable and mobile
equipment shall connected by an
equipment grounding conductor to the
point at which the system neutral im-
pedance is grounded.
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(C) Ground-fault detection and relay-
ing shall be provided to automatically
de-energize any high voltage system
component which has developed a
ground fault. The continuity of the
equipment grounding conductor shall be
continuously monitored so as to de-
energize automatical]i' the high voltage
feeder to the portable equipment upon
loss of continuity of the equipment
grounding conductor.

(D) The grounding electrode to which
the port:abﬁar or mobile equipment sys-
tem neutral impedance is connected
shall be isolated from and separated in
the ground by at least 20 feet (6.1 m)
from any other system or equipment
grounding electrode, and there shall be
no direct connection between the
grounding electrodes, such as buried
pipe, fence or like objects.

(iii) Grounding of equipment. All
noncurrent-carrying metal parts of por-
table equipment and fixed equipment
including those associated fences, hous-
ings, enclosures, and supporting struc-
tures shall be grounded. However,
equipment which is guarded by location
and isolated from ground need not be
ounded. Additionally, pole-mounted
tribution apparatus at a height ex-
ceedi.nf 8 feet (2.44 m) above ground or
grade level need not be grounded.

(Information collection requirements con-
tained in paragraphs (b)1)(iii{A) and
(bM1NiiiNG) were approved by the Office of
Management and Budget under control num-
ber: 1218-0062; information collection re-
uirements contained in paragraph
(EXTHiVHCN6) were approved by the Office of
Management and Budget under control num-
ber: 1218-0130)

§1926.405 Wiring methods, components,
and equipment for general use.

(a) Wiring methods. The provisions of
this paragraph do not apply to conduc-
tors which form an integral part of
equipment such as motors, controllers,
motor control centers and like equip-
ment.

(1) General requirements.—(i) Electri-
cal continuity of metal raceways and
enclosures. Metal raceways, cable armor,
and other metal enclosures for conduc-
tors shall be metallically joined together
into a continuous electric conductor and
shall be so connected to all boxes,
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fittings, and cabinets as to provide ef-
fective electrical continuity.

(i) Winng in ducts. No wiring sys-
tems of any type shall be installed in
ducts used to transport dust, loose
stock or flammable vapors. No wiring
system of any t shall be installed in
any duct used tor vapor removal or in
any shaft containing only such ducts.

(2) Temporary wiring—(i) Scope. The
provisions of paragraph (a)2) of this
section apply to temporary electrical
power and lighting wiring methods
which may be of a class less than would
be required for a permanent installation.
Except as specifically modified in para-
graph (al2) of this section, all other
requirements of this subpart for perma-
nent wiring shall apply to temporary
wiring installations. Temporary wiring
shall be removed immediately upon
completion of construction or the aEur-
pose for which the wiring was installed.

(i) General requirements for tempo-
rary wiring. (A) Feeder shall originate in
a distribution center. The conductors
shall be run as multiconductor cord or
cable assemblies or within raceways; or,
where not subject to physical damage,
they may be run as open conductors on
insulators not more than 10 feet (3.05
m) apart.

(B) Branch circuits shall originate in
a power outlet or panelboard. Conduc-
tors shall be run as multiconductor cord
or cable assemblies or open conductors,
or shall be run in raceways. All conduc-
tors shall be protected by overcurrent
devices at their ampacity. Runs of open
conductors shall be located where the
conductors will not be subject to physi-
cal damage, and the conductors shall be
fastened at intervals not exceeding 10
feet (3.05 m). No branch-circuit conduc-
tors shall be laid on the floor. Each
branch circuit that supplies receptacles
or fixed equipment shall contain a sepa-
rate equipment grounding conductor if
the branch circuit is run as open con-
ductors.

(C) Receptacles shall be of the
grounding type. Unless installed in a
complete metallic raceway, each branch
circuit shall contain a separate equip-
ment grounding conductor, and re-
ceptacles shall electrically connected
to the grounding conductor. Receptacles
for uses other than temporary lighting
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shall not be installed on branch circuits
which supply temporary lighting. Recep-
tacles shall not be connec to the
same ungrounded conductor of
multiwire circuits which supply tempo-

rary lighting.

m(%) isconnecting switches or plug
connectors shall be installed to permit
the disconnection of all ungrounded con-
ductors of each temporary circuit.

(E) All lamps for general illumination

shall be protected from accidental con-
tact or reak:ge Metal-case sockets
shall be grounded.

(F) Temporary lights shall not be sus-
pended by their electric cords unless
cords and lights are designed for this
means of suspension.

(G) Portable electric lighting used in
wet and/or other conductive locations,
as for example, drums, tanks, and ves-
sels, shall be operated at 12 volts or
less. However, 120-volt lights may be
used if protected by a ground-fault cir-
cuit interrupter.

(H) A box shall be used wherever a
change is made to a raceway system or
a cable system which is metal clad or
metal sheathed.

(I) Flexible cords and cables shall be
protected from damage. S corners
and projections shall avoided. Flexi-
ble cords and cables may pass through
doorways or othezdpinch points, if pro-
tection is provided to avoid damage.

(J) Extension cord sets used with por-
table electric tools and appliances s
be of three-wire type and shall be de-
signed for hard or extra-hard usage.
Flexible cords used with temporary and
Eortable lights shall be designed for

ard or extra-hard usage.

NoTE: The National Electrical Code,
ANSI/NFPA 70, in Article 400, Table 400-4.
lists various t of flexible cords, some of
which are noted as being designed for hard
or extra-hard usage. Exam%les of these types
of flexible cords include hard service cord
{types S, ST, SO, STO) and junior hard
service cord (types SJ, SJO, SJT, SJTO).

(i) Guarding. For tempor wiring
over 600 volts, nominal, gxgnyg. barmn-
ers, or other effective means shall be
provided to prevent access of other than
authorized and qualified personnel.

(b) Cabinets, boxes, and fittings—
(1) Conductors entering boxes, cabinets,
or fittings. Conductors entering boxes,
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cabinets, or fittings shall be protected
from abrasion, and openi through
which conductors enter s 5 be effec-
tively closed. Unused openings in cabi-
nets, boxes, and fittings shall also be
effectively closed.

(2) Covers and canopies. All pull
boxes, junction boxes, and fittin siau
be provided with covers. If met
are used, they shall be grounded. In
energized installations each outlet box
shall have a cover, faceplate, or fixture
canopy. Covers of outlet boxes having
holes through which flexible cord pen-
dants pass shall be provided with bush-
ings designed for the p se or shall
have smooth, well-rounded surfaces on
which the cords may bear.

(3) Pull and junction boxes for sys-
tems over 600 volts, nominal In addi-
tion to other requirements in this sec-
tion for pull and junction boxes, the
following shall apply to these boxes for
systems over 600 volts, nominal: 4

(i) Complete enclosure. Boxes shall
provide a complete enclosure for the
contained conductors or cables.

(i) Covers. Boxes shall be closed by
covers securely fastened in place. Under-
ground box covers that weigh over 100

ds (43.6 kg) meet this requirement.
overs for boxes shall be permanently
marked ‘“‘HIGH VOLTAGE." The
marking shall be on the outside of the
box cover and shall be readily visible
and legible.

(c) Knife switches. Single-throw knife
switches shall be so connected that the
blades are dead when the switch is in
the open position. Single-throw knife
switches shall be so placed that gravity
will not tend to close them. Single-throw
knife switches approved for use in the
inverted position shall be provided with
a locking device that wﬂf ensure that
the blades remain in the open position
when so set. Double-throw knife
switches may be mounted so that the
throw will be either vertical or horizon-
tal. However, if the throw is vertical, a
lockin g device shall be provided to en-

that the blades remain in the open
position when so set.

(d) Switchboards and panelboards.
Switchboards that have any exposed
live parts shall be located in perma-
nently dry locations and accessible onl
to qualified persons. Panelboards sh

covers
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be mounted in cabinets, cutout boxes,
or enclosures designed for the purpose
and shall be dead front. However,
panelboards other than the dead front
externally-operable type are permitted
where accessible only to qualified per-
sons, Exposed blades of knife switches
shall be dead when open.

(e) Enclosures for damp or wet loca-
tions—(1) Cabinets, ﬁttings, and boxes.
Cabinets, cutout boxes, fittings, boxes,
and panelboard enclosures in damp or
wet locations shall be installed so as to
prevent moisture or water from entering
and accumulating within the enclosures.
In wet locations the enclosures shall be
weatherproof.

(2) Switches and circuit breakers.
Switches, circuit breakers, and switch-
boards installed in wet locations shall be
enclosed in weatherproof enclosures.

(f) Conductors for general wiring. All
conductors used for general wiring shall
be insulated unless otherwise permitted
in this Subpart. The conductor insula-
tion shall be of a type that is suitable
for the voltage, operating temperature,
and location of use. Insulated conduc-
tors shall be distinguishable by agg;o—
priate color or other means as being
grounded conductors, ungrounded con-

uctors, or equipment grounding con-
ductors.

(g) Flexible cords and cables—(1) Use
of flexible cords and cables—(i) Permit-
ted uses. Flexible cords and cables shall
be suitable for conditions of use and
location. Flexible cords and cables shall
be used only for:

(A) Pendants;

(B) Wiring of fixtures;

(C) Connection of portable lamps or
ap%lianc&;, '

(D) Elevator cables;

(E) Wiring of cranes and hoists;

(F) Connection of stationary equip-
ment to facilitate their frequent inter-
change;

(G) Prevention of the transmission of
noise or vibration; or

(H) Appliances where the fastening
means and mechanical connections are
designed to permit removal for mainte-
nance and repair.

(i) Attachment plugs for cords. If
used as Sermitted in paragraphs
(H1MINC), (GNININF), or (gM1)(iNH) of this
section, the flexible cord shall be
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equipped with an attachment plug and
Sh&lf be energized from a receptacle
outlet.

(i) Prohibited uses. Unless necessary
for a use permitted in paragraph (g)(1)(i)
of this section, flexible cords and cables
shall not be used:

_ (A) As a substitute for the fixed wir-
ing of a structure;

(B) Where run through holes in walls,
ceilings, or floors;

(C) Where run through doorways,
windows, or similar openings, except as
permitted in paragraph (a)f(2)(ii(I) of this
section;

(D) Where attached to building sur-
faces; or

(E) Where concealed behind building
walls, ceilings, or floors.

(2) Identification, splices, and termi-
nations—(i) Identification. A conductor
of a flexible cord or cable that is used as
a grounded conductor or an equipment
grounding conductor shall be distin-
guishable from other conductors.

(i) Marking. Type SJ, SJO, SJT,
SJTO, S, SO, ST, and STO cords shall
not be used unless durably marked on
the surface with the type designation,
size, and number of conductors.

(iii) Splices. Flexible cords shall be
used only in continuous lengths without
ls\}:d.ice or tap. Hard service tlexible cords

0. 12 or larger may be repaired if
spliced so that the splice retains the
insulation, outer sheath properties, and
uslaig:d characteristics of the cord being
sp

(iv) Strain relief. Flexible cords shall
be connected to devices and fittings so

~ that strain relief is provided which will

prevent pull from being directly trans-
mitted to joints or terminal screws.

(v) Cords passing through holes. Flex-
ible cords and cables s be protected

by bushi or fittings where passing
through holes in covers, outlet boxes, or
similar enclosures.

(h) Portable cables over 600 volts,
nominal Multiconductor portable cable
for use in supplying power to portable
or mobile ipment at over 600 volts,
nominal, sm‘consiﬂ of No. 8 or larger
conductors employing flexible stranding.
Cables operated at over 2000 volts sh
be shielded for the purpose of confining
the voltage stresses to the insulation.
Grounding conductors shall be provided.
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Connectors for these cables shall be of a
locking type with provisions to prevent
their opening or closing while energized.
Strain relief shall be provided at connec-
tions and terminations. Portable cables
shall not be operated with splices unless
the splices are of the permanent molded,
vulcanized, or other equivalent type.
Termination enclosures shall be marked
with a high voltage hazard warning, and
terminations shall be accessible only to
authorized and qualified personnel

(i) Fixture wires—(1) General Fixture
wires shall be suitable for the voltage,
temperature, and location of use. A
fixture wire which is used as a grounded
conductor shall be identified.

(2) Uses permitted Fixture wires may

(i) For installation in lighting fixtures
and in similar equipment where enclosed
or protected and not subject to bending
or twisting in use; or

(i) For connecting lighting fixtures to
the branch-circuit conductors supplying
the fixtures.

(3) Uses not permitted Fixture wires
shall not be used as branch-circuit con-
ductors except as itted for Class 1
power-limited circuits.

(j) Equipment for general use—
(1) Lighting fixtures, lampholders,
lamps, and receptacles—(i) Live parts.
Fixtures, lampholders, lamps, rosettes,
and receptacles shall have no live parts
normally exposed to employee contact.
However, rosettes and cleat-type
lampholders and receptacles loca at
least 8 feet (2.44 m) above the floor may
- have ex parts.

(i) Support. Fixtures, lampholders, ro-
settes, and receptacles shall be securely
supported. A fixture that weighs more
than 6 pounds (2.72 kg) or exceeds 16
inches (406 mm) in any dimension shall
not be supported by the screw shell of a
lampholder.

(i) Portable lamps. Portable lamps
shall be wired with flexible cord and an
attachment plug of the polarized or

grounding type. If the portable lam
uses an Edison-based lampholder, thg
grounded conductor shall identified
and attached to the screw shell and the
identified blade of the attachment plug.
In addition, portable handlamps sh
comply with the following:
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(A) Metal shell, paperlined lamphold-
ers shall not be useg:

(B) Handlamps shall be equipped
with a handle of molded ¢composition or
other insulating material;

(C) Handlamps shall be ecLuipped with
a substantial guard attached to the
lampholder or handle;

(D) Metallic guards shall be grounded
by the means of an equipment ground-
ing conductor run within the power
supply cord.

(iv) Lampholders. Lampholders of the
screw-shell t shall be installed for
use as lampholders only. Lampholders
installed in wet or damp locations shall
be of the weatherproof type.

(v) Fixtures. Fixtures installed in wet
or damp locations shall be identified for
the purpose and shall be installed so
that water cannot enter or accumulate
in wireways, lampholders, or other elec-
trical parts.

(2) Receptacles, cord connectors, and
attachment plugs (caps)—
(i) Configuration. Receptacles, cord con-
nectors, and attachment plugs shall be
constructed so that no receptacle or
cord connector will accept an attach-
ment plug with a different voltage or
current rating than that for which the
device is intended. However, a 20-
ampere T-slot receptacle or cord connec-
tor may accept a 15-ampere attachment
plug ot the same voltage rating. Recep-

es connected to circuits having dif-
ferent voltages, frequencies, or types of
current (ac or dc) on the same premises
shall be of such design that the attach-
ment pluﬁs used on these circuits are
not interchangeable.

(i) Damp and wet locations. A recep-
tacle installed in a wet or damp location
shaél; ‘b: designed fox)' tll,lze location. ool

( ppliances—(i) Live parts. Appli-
ances, ofher than those in which the
current-carrying parts at ﬁh tempera-
tures are necessarily exposed, shall have
no live parts normally exposed to em-
ployee contact.

(i) Disconnecting means. A means
shall be provided to disconnect each
appliance.

(i) Rating. Each appliance shall be
marked with its rating in volts and
amperes or volts and watts. '

(4) Motors. This paragraph applies to
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motors, motor circuits, and controllers.

() In sight from. If specified that one

iece of e%mpment shall be “in sight

om'' another piece of equipment, one
shall be visible and not more than 50
feet (15.2 m) from the other.

(i) Disconnecting means—(A) A dis-
connecting means shall be located in
sight from the controller location. The
controller disconnecting means for mo-
tor branch circuits over 600 volts, nomi-
nal, may be out of sight of the control-
ler, if the controller is marked with a
warning label giving the location and
identification of the disconnecting
means which is to be locked in the open

ition.

(B) The disconnecting means shall
disconnect the motor and the controller
from all ungrounded suep(rly conductors
and shall be so designed that no pole
can be operated ind?endently.

(C) If a motor and the driven machin-
ery are not in sight from the controller
location, the installation shall comply
with one of the following conditions:

(1) The controller disconnectin
means shall be capable of being lock
in the open position.

(2) A manually operable switch that
will disconnect the motor from its
source of supply shall be placed in sight
from the motor location.

. (D) The disconnecting means shall
plainly indicate whether it is in tiie open
(off) or closed (on) position.

(E) The disconnecting means shall be
readily accessible. If more than one
disconnect is provided for the same
equipment, only one need be readily
accessible.

(F) An individual disconnecting
means may be used for a %'roup of
motors under any one of the followi
conditions: :

(I) If a number of motors drive spe-
cial parts of a single machine or piece of
apparatus, such as a metal or wood-
working machine, crane, or hoist;

(2) If a group of motors is under the
protection of one set of branch-circuit
protective devices; or

(3) If a group of motors is in a sinfe
room in sight from the location of the
disconnecting means.

(iii) Motor overload, short-circuit, and
ground-fault protection. Motors, motor-
control apparatus, and motor branch-
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circuit conductors shall be protected
against overheating due to motor over-
loads or failure to start, and against
short-circuits or ground faults. These
provisions do not require overload pro-
tection that will stop a motor where a
shutdown is likely to introduce addi-
tional or increased hazards, as in the
case of fire pumps, or where continued
operation of a motor is necessary for a
safe shutdown of equipment or process
and motor overload sensing devices are
connected to a supervised alarm.

(iv) Protection of lve parts—all volt-
ages. (A) Stationary motors having
commutators, collectors, and brush rig-
ging located inside of motor end brack-
ets and not conductively connected to
supply circuits operating at more than
150 volts to ground need not have such
parts guarded. E?osed live parts of
motors and controllers operating at 50
volts or more between terminals shall be
guarded against accidental contact by
any of the following:

(I) By installation in a room or enclo-
sure that is accessible only to qualified

persons;

(2) By installation on a balcony, gal-
lery, or platform, so elevated and ar-
ranged as to exclude unqualified per-
sons; or

(3) By elevation 8 feet (2.44 m) or
more above the floor.

(B) Where live parts of motors or
controllers operating at over 150 volts
to ground arc guarded against acciden-
tal contact only by location, and where
adjustment or other attendance may be
necessary during the operation of the
apparatus, insulating mats or platforms
sgal.l be provided so that the attendant
cannot readily touch live parts unless
standing on the mats or Ilatforms.

(5) Transformers—(i) Application. The
following paragraphs cover the installa-
tion of all transformers, except:

(A) Current transformers;

(B) Dry-type transformers installed as
a component of other apparatus;

(C) Transformers used with Class 2
and Class 3 circuits, sign and outline
Lighcinﬁhe;lectric discharge lighting, and
power-limited fire-protective signaling
circuits. .

(ii) Operating voltage. The operating

voltage of ex live parts of trans-
former instdﬁgl?;?s sh be indicated
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by warning signs or visible markings on
the equipment or structure.

(iii) Transformers over 35 kV. Dry-
type, high fire point liquid-insulated,
and askarel-insulated transformers in-
stalled indoors and rated over 35 kV
shall be in a vault.

(iv) Oilinsulated transformers. 1f tl‘:::.{
present a fire hazard to employees, oil-
insulated transformers ins indoors
shall be in a vault.

(v) Fire protection. Combustible mate-
rial, combustible buildings and parts of
buildings, fire escapes, and door and
window openings shall be safeguarded
from fires which may originate in oil-
insulated transformers attached to or
adjacent to a building or combustible
material.

(vi) Transformer vaults. Transformer
vuults s be constructed so as to
contain fire and combustible liquids
within the vault anu to prevent unau-
chorized access. Locks latches shall
be so arranged that a vault door can be
readily opened from the inside.

(vii) Pipes and ducts. Any pipe or
duct system foreign to the vault instal-
lation shail not enter or pass through a
transformer vault.

(viii) Material storage. Materials shall
not be stored in transformer vaults.

(6) Capacitors—(i) Drainage of stored
charge. All capacitors, t surge ca-
pacitors or capacitors included as a
component part of other apparatus,
s be vided with an automatic
means of draining the stored charge and
maintaining the discharged state after
the capacitor is disconnected from its
source of supply. )

(ii) Over 600 volts. Capecitors rated
over 600 volts, nominal, shall comply
with the following additional require-
ments:

(A) Is?la:lilng or disconnecting)
switches (with no interrupting rating
shall be interlocked with t.ge load inter-
rupting device or shall be provided with
prominently displayed caution signs to
prevent switching load current.

(B) For series capacitors the p
switching shall be assured by use of at
least one of the following:

(1) Mechanically sequenced isolating
and b swi )

7] Snterlocks. or d

(3) Switching procedure prominently
displayed at the switching location.
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{Information collection requirements con-
tained in _paragraphs (g)(2)(ii), (j)3Niii),
(N4MUNA), (NSKii), and (IHENiiNBN3) were ap-
groved by the Office of Man nt and
udget under control number: 1218-0130)

§ 1926406 Specific purpose equipment and
installations.

(a) Cranes and hoists. This paragraph
applies to the installation of electric
equipment and wiring used in connec-
tion with cranes, monorail hoists, hoists,
and all runways.

(1) Disconnecting means—(i) Runway
conductor disconnecting means. A
readily accessible disconnecting means
shall be provided between the runway
contact conductors and the power sup-

(i) Disconnecting means for cranes
and monorail hoists. A disconnecting
means, capable of being locked in the
open position, shall be provided in the
leads from the runway contact conduc-
tors or other power supply or any crane
or monorail hoist.

(A) If this additional disconnecting
meaps is not readily accessible from the
crane or monorail hoist operating sta-
tion, means shall be provideiclle at the
operating station to o t wer
cx;"zrhit to all motors of the cragg or
monorail hoist.

(B) The additional disconnect may be
omitted if a monorail hoist or hand-
propelled crane bridge installation meets

all of the following:

(1) The unit‘gngoor controlled;

(2 The unit is within view of the
power supply disconnecting means; and

) No work platform has been
provided for servicing the unit.

(2) Control A limit switch or other
device shall be provided to prevent the
load block from ?assmg the safe upy
limit of travel of any hoisting mecha-
nism.

(3) Clearance. The dimension of the
working space in the direction of access
to live gsrts which may require exami-
nation, adjustment, servicing, or mainte-
nancewhiie alive shall be a minimum of
2 feet 6 inches (762 mm). Where con-
trols are enclosed in cabinets, the door(s)
shall o at least 90 degrees or be
removable, or the installation shall pro-
vide equivalent access.

(4) Grounding. All exposed metal
parts of cranes, monorail hoists, hoists
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and accessories including pendant con-
trols shall be metallically joined to-
ther into a continuous electrical con-
uctor so that the entire crane or hoist
will be grounded in accordance with
§ 1926.404(f). Moving parts, other than
removable accessories or attachments,
having metal-to-metal bearing surfaces
shall be considered to be electrically
connected to each other through the
bearing surfaces for grounding pur-
ses. The trolley frame and bn
ame shall be considered as electrically
grounded through the bridge and trolley
wheels and its respective tracks unless
conditions such as paint or other insu-
lating materials prevent reliable metal-
to-metal contact. In this case a separate
bonding conductor shall be provided.

(b) Elevators, escalators, and moving
walks—(1) Disconnecting means. Eleva-
tors, escalators, and movinglsvzalks shall
have a single means for disconnecting
all ungrounded main power supply con-
ductors for each unit.

(2) Control panels. 1f control panels
are not located in the same space as the
drive machine, they shall be located in
cabinets with doors or panels capable of
being locked closed.

(c) Electric welders—disconnecting
means—(1) Motor-generator, AC trans-
former, and DC rectifier arc welders. A
disconnecting means shall be provided
in the supply circuit for each motor-
generator arc welder, and for each AC
transformer and DC rectifier arc welder
which is not equippad with a disconnect
mounted as an integral part of the
welder.

(2) Resistance welders. A switch or
circuit breaker shall be provided by
which each resistance welder and its
control equipment can be isolated from
the supply circuit. The ampere rating of
this disconnecting means shall not be
less than the supply conductor ampac-
ity.

(d) X-ray equipment—I(1) Disconnect-
ing means—(i) General A disconnecting
means shall be provided in the supg:‘lﬁ
circuit. The disconnecting means s
be operable from a location readily ac-
cessible from the X-ray controL For
equipment connected to a 120-volt
branch circuit of 30 amperes or less, a
grounding-t attachment plug cap
and receptacle of proper rating may
serve as a disconnecting means.
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(i) More than one piece of equipment.
If more than one piece of equipment is
operated from the same high-voltage
circuit, each piece or each group of
equipment as a unit shall be provided
with a high-voltage switch or equivalent
disconnecting means. This disconnecting
means shall be constructed. enclosed. or
located so as to avoid contact by em-
ployees with its live parts.

(2) Control Radiographic and fluoro-
scopic types. Radiographic- and fluoro-
scopic-type sZﬁmipment‘. shall be effec-
tively enclo or shall have interlocks
that deenergize the equipment automati-
cally to prevent ready access to live
current-carrying parts.

§ 1926.407 Hazardous (classified) locations.

(a) Scope. This section sets forth re-
quirements for electric equipment and
wiring in locations which are classified
depending on the properties of the flam-
mable vapors, liquids or gases, or com-
bustible dusts or fibers which may be

resent therein and the likelihood that a

able or combustible concentration
or quantity is present. Each room, sec-
tion or area shall be considered individu-
ally in determining its classification.
These hazardous (classified) locations
are assigned six designations as follows:

Class I, Division 1
Class I, Division 2
Class 11, Division 1
Class 11, Division 2
Class 111, Division 1
Class III, Division 2

For definitions of these locations see
§ 1926.449. All applicable re%uirements
in this subpart apply to all hazardous
(classified) locations, unless modified by
provisions of this section.

(b) Electrical installations. Equip-
ment, wiring methods, and installations
of equipment in hazardous (classified)
locations shall be approved as intrinsi-
cally safe or approved for the hazardous
(classified) location or safe for the haz-
ardous (classified) location. Require-
ments for each of these options are as
follows:

(1) Intrinsically safe. Equipment and
associated wiring approved as intrinsi-
cally safe is permitted in any hazardous
(classified) location included in its listing
or labeling.
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(2) Approved for the hazardous (clas-
sified) location—(i) General Equipment
shall be approved not only for the class
of location but also for the ignitible or

combustible properties of the specific
gas, vapor, dpust. or fiber that will be
present.

Note: NFPA 70, the National Electrical
Code, lists or defines hazardous gases, va-
rs, and dusts by “Groups" characterized
y their ignitible or combustible properties.

(i) Marking. Equipment shall not be
used unless it is marked to show the
class, group, and operating temperature
or temperature r. , b on opera-
tion in a 40-degree C ambient, for which
it is aa;l)rmved. The temperature mark-
ing shall not exceed the ignition temper-
ature of the specific gas, vapor, or dust
to be encountered. However, the follow-
ing provisions modify this marking re-
quirement for specific equipment:

(A) Equipment of non-heat-
producing type (such as juncticn boxes,
conduit, and fittings) an equipment of

the heat-producing type having a maxi-
mum temperature of not more than 100
degrees C (212 degrees F) need not have
a marked operating temperature or tem-
perature r .

(B) Fixed lighting fixtures marked for
use only in Class I, Divisien 2 locations
need not be marked to indicate the

group. .

(C) Fixed general-purpose equipment
in Class I locations, other lighting
fixtures, which is acceptable for use in
Class I, Division 2 locations need not be
marked with the class, group, division,
or operating temperature.

(D) Fixed dust-tight equipment, other
than lighting fixtures, which is accept-
able for use in Class II, Division 2 and
Class III locations need not be marked
with the class, group, division, or oper-
ating temperature.

(3) Safe l.:)'or the hazardous (classified)
location. Equipment which is safe for
the location shall be of a type and
design which the employer demon-
strates will provide protection from the

an.smfh from the combustibility
and flammability of vapors, liquids,
gases, dusts, or fibers.

NOTE: The National Electrical Code,
NFPA 70. contains guidelines for determin.
ing the type and design of equipment and
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installations which will meet this require
ment. The guidelines of this docx‘xjmenc ad-
C wiring, equipment, and systems

installed in hazardous (classified) locations
and contain specific provisions for the
following: wiring methods, wiring connec-
tions, conductor insulation, flexible cords,
sealing and drainage, transformers, capaci-
tors, switches, circuit breakers, fuses, motor
controllers, receptacles, attachment plugs,
meters, relays, instruments, resistors, genera-
tors, motors, lighting fixtures, storage bat-
tery charging equipment, electric cranes, elec-
tric hoists and similar equipment, utilization
equipment, signaling systems, alarm sys-
tems, remote control systems, local loud
er and communication systems, ventila-

tion piping, live , lightning surge protec-
tion, and grounding. Compliance with these
guidelines will constitute one means, but not
the only means, of compliance with this

paragraph.

(c) Conduits. All conduits shall be
threaded and shall be made wrench-
tight. Where it is impractical to make a
threaded joint tight, a bonding jumper
shall be utilized.

{t?uf:edm' tion coueul:‘ﬁognzre?uirements co;i
in a (bN2)ii)) were
by the Office of M ¢ and Budg

anagement and Budget
under control number: 1218-0130)

§ 1926408 Special systems.

(a) Systems over 600 volts, nominal
Paragraphs (al1) through (al4) of this
section contain general requirements for
all circuits and equipment operated at
over 600 volts.

(1) Wiring methods for fixed instalia-
tions—(i) Above-ground. Above-ground
conductors shall be installed in rigid
metal conduit, in intermediate metal
conduit, in cable trays, in cablebus, in ..
other suitable raceways, or as open runs -
of metal-clad cable designed for the use

and . However, open runs of
non-metallic-sheathed cable or of bare

conductors or busbars may be installed
in locations which are accessible only to
qualified persons. Metallic shielding
components, such as tapes, wires, or
braxd;ed.for conductfogs. s&(alll _be
groun Open runs of insulated wires
and cables having a bare lead sheath or
a braided outer covering shall be sup-
ported in a manner designed to prevent
physical damage to the braid o1 sheath.

(i) Installations emerging from the
ground. Conductors emerging from the
ground shall be enclosed in raceways.
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Raceways installed on poles shall be of
rigid metal conduit, intermediate metal
conduit, PVC schedule 80 or equivalent
extending from the ground line up to a
point 8 feet (2.44 m) above finished
grade. Conductors entering a building
shall be protected by an enclosure from
the ground line to the point of entrance.
Metallic enclosures shall be grounded.

(2) Interrupting and isolating de-
vices—(i) Circuit breakers. Circuit break-
ers located indoors shall consist of
metal-enclosed or fire-resistant, cell-
mounted units. In locations accessible
only to qualified personnel, open mount-
ing of circuit breakers is permitted. A
means of indicating the open and closed
position of circuit breakers shall be
provided.

(i) Fused cutouts. Fused cutouts in-
stalled in buildings or transformer
vaults shall be of a m identified for
the purpose. They sh readily acces-
sible for fuse replacement.

(ili) Equipment isolating means. A
means s aﬁ) be provided to completely
isolate equipment for inspection and
repairs. Isolating means which are not
designed to interrupt the load current of
the circuit shall either interlocked
with a circuit interrupter or provided
with a sign warning against opening
them under load.

(3) Mobile and portable equipment—
(i) Power cable connections to mobile
machines. A metallic enclosure shall be
providled on the mobile machine for
enclosing the terminals of the power
cable. The enclosure shall include provi-
sions for a solid connection for the
ground wire(s) terminal to ground effec-
tively the machine frame. The method
of cable termination used shall prevent
any strain or pull on the cable from
stressing the electrical connections. The
enclosure shall have provision for lock-
ing so only authorized qualified persons
may open it and shall be marked with a
sign warning of the presence of ener-

gized parts.
(ii) Guarding live parts. All enerﬁxzed'
switching and control parts shall be

enclosed in effectively grounded metal
cabinets or enclosures. Circuit breakers
and protective equipment shall have the
operating means projecting through the
metal cabinet or enclosures so these
units can be reset without locked doors
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being opened. Enclosures and metal cab-
inets shall be locked so that only author-
ized %léahﬁed persons have access and
shall be marked with a sign warning of
the presence of energized parts. Collec-
tor ring assemblies on revolving-t
machines (shovels, draglines, etc.) shall
be guarded.

(4) Tunnel installations—(i) Applica-
tion. The provisions of this paragraph
apply to installation and use of high-
voltage power distribution and utiliza-
tion equipment which is associated with
tunnels and which is portable and/or
mobile, such as substations, trailers,
cars, mobile shovels, draglines, hoists,
drills, dredges, compressors, pumps,
conveyors, and underground excavators.

(ii) Conductors. Conductors in tunnels
shall be installed in one or more of the
following:

(A) Metal conduit or other metal race-

way,
(ﬁ) MC cable, or

bl (C) Other suitable multiconductor ca-
e.

Conductors shall also be so located or
guarded as to protect them from physi-
cal damage. Multiconductor portable ca-
ble may supply mobile equipment. An
equipment grounding conductor shall be
run with circuit conductors inside the
metal raceway or inside the multi-
conductor cable jacket. The equipment
grounding conductor may be insulated
or bare.

(iii) Guarding live parts. Bare termi-
nals of transformers, switches, motor
controllers, and other equipment shall
be enclosed to prevent accidental con-
tact with energized parts. Enclosures
for use in tunnels shall be drip-proof,
weatherproof, or submersible as required
by the environmental conditions.

(iv) Disconnecting means. A discon-
necting means that simultaneously
opens all ungrounded conductors shall
be installed at each transformer or mo-
tor location.

(v) Grounding and bonding. All
nonenergized metal parts of electric
e?uipment and metal raceways and ca-
ble sheaths shall be grounded and
bonded to all metal pipes and rails at
the portal and at intervals not exceed-
ing 1000 feet (305 m) throughout the
tunnel.
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(b) Class 1, Class 2 and Class 3
remote control, signaling, and power
limited circuits—(1) Classification. Class
1, Class 2, or Class lu?n t;x:énot.e control,
signaling, or power-limited circuits are
characterized g; their usage and electri-
cal power limitation which differentiates
them from light and power circuits.
These circuits are classified in accord-
ance with their respective voltage and
power limitations as summarized in
paragraphs (b)(1)(i) through (bN1)iii) of
this section.

(i) Class 1 circuits.—(A) A class 1
power-limited circuit is supplied from a
source having a rated output «f not
more than 30 volts and 1000 volt-
am .
(B) A Class 1 remote control circuit
or a Class 1 signaling circuit has a
voltage which does not exceed 600
volts; however, the power output of the
source need not be limited.

(i) Class 2 and Class 3 circuits.—
(A) Power for Class 2 and Class 3
circuits is limited either inherently (in
which no overcurrent protection is re-
quired) or by a combination of
a power source and overcurrent protec-
tion.

(B) The maximum circuit voltage is
150 volts AC or DC for a Class 2
inherently limited power source, and 100
voits AC or DC for a Class 3 inherently
limited power source.

(C) The maximum circuit vol is
30 volts AC and 60 volts DC for a s
2 power source limited by overcurrent
protection, and 150 volts AC or DC for
a Class 3 power source limited by
overcurrent protection.

(iii) Application. The maximum circuit
voltages in paragraphs (b)1)i) and
(b)(1)(ii) of this section B%nly to
sinusoidal AC or continuous power
sources, and where wet contact occur-
rence is not likely.

(2) Marking. A Class 2 or Class 3
power supply unit shall not be used

ess it is durably marked where
plainly visible to indicate the class of
supply and its electrical rating.

(c) Communications systems—
(1) Scope. These provisions for commu-
nication systems apply to such systems
as central-stationconnected and non-
central-station-connected telephone cir-
cuits, radio receiving and transmitting
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equipment, and outside wiring for fire
and burglar alarm, and similar central
station systems. These installations
need not comply with the provisions of
§§ 1926.403 through 1926.408(b), except
§ 1926.404(c)(1)(ii) and § 1926.407.

(2) Protective devices—I(i) Circuits ex-
posed to power conductors. Communica-
tion circuits so located as to be exposed
to accidental contact with light or
power conductors operating at over 300
volts shall have each circuit so exposed
provided with an approved protector.

(i) Antenna lead-ins. Each conductor
of a lead-in from an outdoor antenna
shall be provided with an antenna dis-
charge unit or other means that will
drain static charges from the antenna
system.

(3) Conductor location—(i) Outside of
buildings.—(A) Receiving distribution
lead-in or aerial-drop cables attached to
buildings and lead-in conductors to ra-
dio transmitters shall be so installed as
to avoid the possibility of accidental
contact with electric light or power
conductors.

(B) The clearance between lead-in con-
ductors and any lightning protection
conductors shall not be less than 6 feet
(1.83 m).

(ii) On poles. Where practicable, com-
munication conductors on poles shall be
located below the light or power conduc-
tors. Communications conductors shall
not be attached to a crossarm that
carries light or power conductors.

(iii) Inside ofpguildings. Indoor anten-
nas, lead-ins, and other communication
conductors attached as open conductors
to the inside of buildings shall be lo-
cated at least 2 inches (50.8 mm) from
conductors of any light or power or
Class 1 circuits unless a special and
equally protective method of conductor
separation is employed.

(4) Equipment location. Outdoor
metal structures supporting antennas,
as well as self-supporting antennas such
as vertical rods or dipole structures,
shall be located as far away from over-
head conductors of electric light and
power circuits of over 150 volts to

ound as necessary to avoid the possi-

ility of the antenna or structure falhnﬁ
into or making accidental contact wit
such circuits.

(5) Grounding—\i) Lead-in conductors.
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If exposed to contact with electric light
or power conductors, the metal sheath
of aerial cables entering buildings shall
be grounded or shall be interrupted
close to the entrance to the building by
an insulating joint or equivalent device.
Where protective devices are used, they
shall be grounded.

(i) Antenna structures. Masts and
metal structures supporting antennas
shall be permanently and effectively
grounded without splice or connection in
the grounding conductor.

(i) Equipment enclosures. Transmit-
ters sh enclosed in a metal frame
or grill or separated from the operating
space by a barrier, all metallic parts of
which are effectively connected to
ground. All external metal handles and
controls accessible to the operating per-
sonnel shall be effectively grounded.
Unpowered equipment and enclosures
shall be considered grounded where con-
nected to an attached coaxial cable with
an effectively grounded metallic shield.

(Information collection requirements con-
tained in paragraph (bX2) were ved by
the Office of Management and Bmt under
contro} number: 1218-0130)

§ 1926.409-§ 1926.415. [Reserved)
Safety-Related Work Practices

§1926.416 General requirements.

(a) Protection of employees. (1) No
employer shall permit an employee to
work in such proximity to any part of
an electric power circuit that em-
ployee could contact the electric power
circuit in the course of work, unless the
employee is protected against electric
shockdgfg deenergizing the circuit ftfmd
grounding it or by guarding it effec-
tively by insulation or other means.

(2) In work areas where the exact
location of underground electric
powerlines is unknown, emplog:e using
jack-hammers, bars, or other d tools

which may contact a line shall be pro-
vided with insulated protective gloves.

(3) Before work is begun the employer
shall ascertain by inquiry or di ob-
servation, ?r by instrumgeixts. whether
any part of an energized electric power
circu?t, exposed or concealed, is so lo-
cated that the performance of the work
may bring any person, tool, or machine

§ 1926.431

into physical or electrical contact with
the electric power circuit. The employer
shall post and maintain proper warning
signs where such a circuit exists. The
employer shall advise employees of the
location of such lines, the Kazards in-
volved, and the protective measures to
be taken.

(b) Passageways and open spaces.
(1) Barriers or other means of guarding
shall be provided to ensure that
workspace for electrical equipment will
not be used as a passageway during
periods when energized parts of electri-
cal qument are exposed.

(2) Working spaces, walkways, and
similar locations shall be kept clear of
cords so as not to create a hazard to
employees.

o) Zoad ratings. In existing installa-
tions, no changes in circuit protection
shall be made to increase the load in
excess of the load rating of the circuit

wiring.

(d) Fuses. When fuses are installed or
removed with one or both terminals
energized, h:ﬁncial tools insulated for the
voltage shall be used.

(e} Cords and cables. (1) Worn or
frayed electric cords or cables shall not
be used.

(2) Extension cords shall not be fas-
tened with staples, hung from nails, or
suspended by wire.

§1928.417 Lockout and tagging of circuits.

(a) Controls. Controls that are to be
deactivated dunng the course of work
on energi or deenergized equipment
or circuits shall be tagged.

(b) Equipment and circuits. Equip-
ment or circuits that are deenergized
shall be rendered inoperative and shall
have tags attached at all points where
such equipment or circuits can be ener-

_{c) Tags. Tags shall be placed to iden-

plainly the equipment or circuits
ggng worked on.

8 1926.418-§ 1926.430 [Reserved}

Safety-Related Maintenance and
Environmental Considerations

§ 1926.431 Maintenance of equipment.

The employer shall ensure that all
wiring components and utilization equip-
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ment in hazardous locations are main-
tained in a dust-tight, dust-ignition-
proof, or losion-proof condition, as
appropriate. There s be no loose or
missing screws, gaskets, threaded con-
nections, seals, or other impairments to
a tight condition.

§ 1926.432 Environmental deterioration of
equipment.

(a) Deteriorating agents. (1) Unless
identified for use in the operating envi-
ronment, no conductors or equipment
shall be located:

(i) In damp or wet locations;

(i) Where exposed to gases, fumes,
vapors, liquids, or other agents having a
deteriorating effect on the conductors or
equipment; or

(ii)) Where exposed to excessive tem-

peratures.
(2) Control uipment, utilization
equipment, and busways approved for

use in dry locations only s be pro-
tected against damage from the weather
during building construction.

(b) Protection against corrosion.
Metal raceways, cable armor, boxes,
cable shﬁeathing. cabinets, ell:iows, cou-

ings, fittings, sup , and support
T A ey
ate for the environment in which t
are to be installed.

§ 1926.433-§ 1926.440 [Reserved]

Safety Requirements for Special
Equipment

§1926.441 Batteries and battery charging.

(a) General requirements. (1) Batter-
ies of the unsealed type shall be located
in enclosures with outside vents or in
wenge\éentilawd rooms andthshall be ar;
ran 80 as to prevent the escape o
fumes, gases, or electrolyte spray into
other areas.

(2) Ventilation shall be provided to
ensure diffusion of the gases from the
battery and to prevent the accumulation
of an explosive mixture.

_(3) Racks and trays shall be substan-
tial and shall be treated to make them
resistant to the electrolyte.

(4) Floors shall be of acid resistant
construction unless protected from acid
accumulations.
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(5) Face shields, aprons, and rubber
ﬁl;:]va shall be grovided for workers

dling acids or batteries.

(6) Facilities for quick drenching of
the eyes and body shall be provided
within 25 feet (7.62 m) of battery han-

areas.

(7) Facilities shall be provided for
flushing and neutralizing spilled electro-
ly?g)a%c}l':;)r fire protBect.ion. "

ging. (1) Battery charging in-
stallations shall be locat,egl in areas des-
ignated for that p .

(2) Charging apparatus shall be pro-

from damage by trucks.

(3) When batteries are being charged,
the vent caps shall be kept in place to
avoid electrolyte smy. Vent caps shall
be maintained in ctioning condition.

§ 1926.442-§ 1926448 (Reserved]

Definitions

§ 1926.449 Definitions applicable to this
subpert.

The definitions given in this section
%%ply to the terms used in Subpart K.

e egefinit‘:iions gll}ieel:i here for "e}p- ;

ved’ and ‘“quali person” apply, -
Pmr:tead of the definitions given in
§ 1926.32, to the use of these terms in
Subpart K.

Acceptable. An installation or equip-
ment is acceptable to the Assistant
Secretary of Labor, and approved within
the meaning of this Subpart K:

(a) If it is accepted, or certified, or
listed, or labeled, or otherwise deter-
mined to be safe by a g:aliﬁed testing
laboratory capable of determining the
suitabih;{hof materials and equipment
for installation and use in accordance
with this standard; or

(b) With respect to an installation or
equipment of a kind which no qualified
testing laboratory accepts, certifies,
lists, labels, or determint:sd tcl)) be safel,1 if
it is inspected or tes y another
Federal ,» or by a State, munici-

al, or o local authority responsible
or enforcing occupational safety provi-
sions of the National Electrical Code,
and found in compliance with those
provisions; or

(c) With respect to custom-made
equipment or related installations which
are designed, fabricated for, and in-
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tended for use by its manufacturer on
the basis of test data which the em-
ployer keeps and makes available for
inspection to the Assistant Secretary
and his authorized representatives.

Accepted. An installation is ‘‘ac-
cepted” if it has been inspected and
found to be safe by a qualified testing
laboratory.

Accessible. (As applied to wiring
methods.) Capable of being removed or
exposed without damaging the building
structure or finish, or not permanently
closed in by the structure or finish of
the building. (See ‘“‘concealed” and “ex-
posed.”)

Accessible. (As applied to equipment.)
Admitting close approach; not guarded
by locked doors, elevation, or other
gleeﬁ;;ive means. (See ‘‘Readily accessi-

Ampacity. The current in amperes a
conductor can carry continuously under
the conditions of use without exceeding
its temperature rating.

Appliances. Utilization equipment,
generally other than industrial, normally

uilt in standardized sizes or types,
which is installed or connected as a unit
to perform one or more functions.

pproved. Acceptable to the author-
ity enforcing this Subpart. The author-
ity enforcing this Subpart is the Assis-
tant Secretary of Labor for
Occupational Safety and Health. The
definition of “‘acceptable” indicates what
is acceptable to the Assistant Secretary
of Labor, and therefore approved within
the meaning of this Subpart.

Askarel A generic term for a group of
nonflammable synthetic chlorinated hy-
drocarbons as electrical insulating
media. Askarels of various composi-
tional types are used. Under arcing
conditions the gases produced, while
consistinﬁ;rpredominantl of noncombus-
tible hydrogen chloride, can include
varying amounts of combustible gases
depending upon the askarel type.

Attachment plug (Plug capkCap). A
device which, by insertion in a recepta-
cle, establishes connection between the
conductors of the attached flexible cord
and the conductors connected perma-
ne‘r‘xlt.ly to the’ tacle. b

utomatic. -acting, operati y
its own mechanism when actugt% by
some impersonal influence, as for exam-
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ple, a change in current strength, pres-
sure, temperature, or mechanical config-
uration.

Bare conductor. See ‘‘Conductor.”

Bonding. The permanent joining of
metallic parts to form an electrically
conductive path which will assure elec-
trical continuity and the capacity to
conduct safely any current likely to be
im

onding jumper. A reliable conductor
to assure the required electrical conduc-
thl:( between metal parts required to
be electrically connected.

Branch circuit. The circuit conductors
between the final overcurrent device
protecting the circuit and the outlet(s).

Building. A structure which stands
alone or which is cut off from adjoining
structures by fire walls with all open-
iéxgs therein protected by approved fire

oors. '

Cabinet. An enclosure designed either
for surface or flush mounting, and pro-
vided with a frame, mat, or trim in
which a swinging door or doors are or

be hun%.
f:agertiﬁed. quipment is ‘“certified” if
it:

(a) Has been tel:btgd and found by a
qualified testing ratory to meet ap-
plicable test standards or to be safe for
use in a specified rnanner, and

(bz’df‘:aﬁf a kind ;ld:osg product‘l;tl):;1 eig

iodically inspec a qualifi
gﬁn%el:rboraow . Cert.iged equipment
must a lnbz tag, or other record
of certification. '

Circuit breaker. (a) (600 volts nominal,
or less.) A device designed to open and
close a circuit by nonautomatic means
and to open the circuit automatically on
a predetermined overcurrent without in-
jury to itself when properly applied
within its rating.

(b) (Over 600 volts, nominal) A
switching device capable of making, car-
rying, and breaking currents under nor-
mal circuit conditions, and also making,
carrying for a specified time, and break-
ing currents under speci abnormal
circuit cunditions, such as those of short
circuit.

Class I locations. Class I locations are
those in which flammable gases or va-
pors are or may be present in the air in
quantities cient to produce explo-
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sive or ignitible mixtures. Class I loca-
tions include the following:

(a) Class I, Division 1. A Class I,
Division 1 location is a location:

(1) In which ignitible concentrations
of flammable gases or vapors may exist
under normal operating conditions; or

(2) In which ignitible concentrations
of such gases or vapors may exist
frequently because of repair or mainte-
nance operations or because of leakage;

or

(3) In which breakdown or faulty o
eration of eq.ui{)ment or processes might
release ignitible concentrations of flam-
mable gases or vapors, and might also
cause simultaneous failure of electric
equipment.

Note: This classification usually includes
locations waere volatile flammable liquids or
liquefied flammable gases are transferred
from one container to another; interiors of
sprayboe&&sandmasinthevﬁﬁtyo&i

raying painting operations w vola-
32 flammable solvents are used; locations
containing open tanks or vats of volatile
flammable liquids; drying rooms or compart-
ments for the evaporation of flammable sol-
vents; inadequately ventilated pump rooms
for flammable gas or for volatiie flammable
liquids; and all other locations where ignitible
concentrations of flammable vapors or gases
are likely to occur in the course of
operations.

(b) Class I, Division 2 A Class I,
Division 2 location is a location:

(1) In which volatile flammable lig-
uids- or flammable gases are han
gromardsed. ]:)r 'Mds but in which %

azardous liquids, vapors, or
normally be confined within cfosed con-
tainers or closed systems from which
they can escape only in case of acciden-
tal rupture or breakdown of such con-
tainers or systems, or in case of abnor-
mal ation of equipment; or

f(2) n which ignitible concentrations
of gases or vapors are normally
vented by itive anical vengtﬂr:
tion, .and which might become hazard-
ous through failure or abnormal
operations of the ventilating equipment;
or

(3) That is adjacent to a Class I,
Division 1 location, and to which ignit-
ible concentrations of gases or vapors
might occasionally be communicated un-
less such communication is prevented
by adequate positive-pressure ventila-
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tion from a source of clean air, and
effective safeguards  against ventilation
failure are provided.

NoTE: This classification usually includes
locations where volatile flammable liquids or
flammable or vapors are used, but
which would become hazardous only in case
of an accident or of some unusual operating
condition. The quantity of flammable mate-
rial that mifht escape in case of accident, the
adequacy of ventilating equipment, the total
area involved, and the record of the industry
or business with respect to explosions or fires
are all factors that merit consideration in
determining the classification and extent of
each location.
sm without valves, checks, meters, and

imilar devices would not ordinarily introduce

a hazardous condition even though used for
flammable liquids or gases. Locations used
for the storage of flammable liquids or of
liquefied or compressed gases in sealed con-
tainers would not normally be considered
hazardous unless also subject to other haz-
ardous conditions.

Electrical conduits and their associated
enclosures separated from process fluids by a
single seal or barrier are as a Divi-
sion 2 location if the outside of the conduit
and enclosures is a nonhazardous location.

Class II locations. Class Il locations
are those that are hazardous because of
the presence of combustible dust. Class
11 locations include the following:

(a) Class II, Division 1. A Class II,
Division 1 location is a location:

(1) In which combustible dust is or
may be in suspension in the air under
normal operating conditions, in quanti-
ties sufficient to produce explosive or

"ignitible mixtures; or

(2) Where mechanical failure or abnor-
mal operation of machinery or equip-
ment might cause such losive or
ignitible mixtures to be ced, and
might also provide a source of ignition
through simultaneous faf.ilure of electé-ic
equipment, operation of protective de-
vices, or from other causes, or

(3) In which combustible dusts of an
electrically conductive nature may be
present.

NoTE: Combustible dusts which are electri-
cally nonconducive include dusts produced in
the handling and processing of grain and

in products, pulverized sugar and cocoa,
g':g egg and milk powders, pulverized
spices, starch and pastes, potato and
woodflour, oil meal from beans and seed,
dried hay, and other organic materials which
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mazeé)roduce combustible dusts when pro-
ces or handled. Dusts containing magne-
sium or aluminum are particularly hazardous
and the use of extreme caution is necessary
to avoid ignition and explosion.

(b) Class II, Division 2 A Class II,
Divison 2 location is a location in which:

(1) Combustible dust will not nor-
mally be in suspension in the air in
quantities sufficient to produce e:;plo-
sive or ignitible mixtures, and dust
accumulations are normally insufficient
to interfere with the normal operation of
electrical equipment or other apparatus;
or

(2) Dust may be in suspension in the
air as fa fstﬂdtii:f infrequent malfunction-
ing of handling or processing equip-
ment, and dust accumulations res‘? i
therefrom may be ignitible by abno
operation or failure of electrical equip-
ment or other apparatus.

Note: This classification includes locations
where dangerous concentrations of suspended
dust would not be likely but where dust
accumulations might form on or in the vicin-
ity of electric equipment. These areas may
contain equipment from which appreciable
quantities of dust would escape under abnor-
mal operating conditions or be adjacent to a
Class II Division 1 location, as described
above, into which an explosive or ignitible
concentration of dust may be put into sus-
pension under abnormal operating conditions.

(a) Class III locations. Class III loca-
tions are those that are hazardous be-
cause of the presence of easily ignitible
fibers or flyings but in which such fibers
or flyings are not likely to be in suspen-
sion in the air in quantities sufficient to
Froduce ignitible mixtures. Class III
ocations include the following:

(a) Class III, Division 1. A Class III,
Division 1 location is a location in which
easily ignitible fibers or materials cﬁm
duci.n¥ combustible flyi are handled,
manufactured, or

Note: Easily ignitible fibers and flyi
include rayon, cotton (including cotton linters
and cotton waste), sisal or henequen, istle,
jute, hemp, tow, cocoa fiber, oakum, baled
waste kapok, Spanish moss, excelsior, saw-
dust, woodchips, and other materials of simi-
lar nature.

(b) Class III, Division 2 A Class III,
Division 2 location is a location in which
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easily ignitible fibers are stored or han-
dled, except in process of manufacture.

Collector ring. A collector ring is an
assembly of slip rings for transferring
electrical energy from a stationary to a
rotating member.

Concealed Rendered inaccessible by
the structure or finish of the building.
Wires in concealed raceways are consig-
ered concealed, even though they may
become accessible by withdrawing them.
{See “Accessible. (As applied to wiring

methods.)"’]
Conductor—(a) Bare. A conductor
having no covering or electrical insula-

tion whatsoever.

(b) Covered. A conductor encased
within material of composition or thick-
ness that is not recognized as electrical
insulation.

(c) Insulated A conductor encased
with material of composition and thick-
ness that is recognized as electrical
i tion.

Controller. A device or group of de-
vices that serves to govern, In some
predetermined manner, the electric
power delivered to the apparatus to
which it is connected.

Covered conductor. See “‘Conductor.”

Cutout. (Over 600 volts, nominal.) An
assembly of a fuse support with either a
fuseholder, fuse carrier, or disconnecting
blade. The fuseholder or fuse carrier
may include a conducting element (fuse
link), or may act as the disconnecting
blade by the inclusion of a nonfusible
member.
smC’,'futout, box. An enc‘}lasm'ehal  designed for

ace mounting an ving swingin
doors or covers secured directly to an
ing with the walls of the box
P . (See “Cabinet.’)
location. See “Location.”

Deaf front. Without live parts ex-
posed to a person on the operating side
of the equipment.

Device. A unit of an electrical system
which is intended to carry but not
utilize electric energy.

Disconnecting means. A device, or

of devices, or other means by
which the conductors of a circuit can be
disconnected from their source of sup-

ply.
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Disconnecting for Isolating) switch.
(Over 600 volts, nominal.) A mechanical
switching device used for isolating a
circuit or equipment from a source of
power.

Dry location. See *‘Location.”

Enclosed. Surrounded by a case, hous-
ing, fence or walls which will prevent
persons from accidentally contacting en-
ergized parts.

Enclosure. The case or housing of
apparatus, or the fence or walls sur-
rounding an installation to prevent per-
sonnel from accidentally contacting en-
ergized parts, or to protect the
equipment from physical damage.

Equipment. A general term including
material, fittings, devices, liances,
fixtures, apparatus, and the like, used
as a part of, or in connection with, an
electrical installation.

Equipment grounding conductor. See
“Grounding conductor, equipment.”’

Explosion-proof apparatus. Apparatus

in a case that is capable of
withstanding an explosion of a specified
gas or vapor which may occur within it
and of preventing the ignition of a
specified ?s or vapor surrounding the
enclosure by sparks, flashes, or explo-
sion of the gas or vapor within, and
which operates at such an external tem-
perature that it will not ignite a sur-
rounding flammable atmosphere.

Exposed. (As applied to live parts.)
Capable of being nadvertently touched
or approached neager than h:d safe dis-
tance by a person. It is applied to parts
not suitably guarded, lsﬁated or insu-
lated. (See “‘Accessible.”’ “Con-
nposed (As applied h

xpos applied to wiring meth-
gteiﬁ.l)n c?!;a;relsatéac ededto th:n surface or

i esigned to allow access.
[See “Accessible. (As applied to wiring
methods.)”’]

Exposed. (For the purposes of
§ 1926.408(d), Communication systems.)
Where the circuit is in such a position
that in case of failure of supports or
insulation, contact with another circuit
may result.

Externally operable. Capable of being
operated without exposing the operator
to contact with live parts.

and
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Feeder. All circuit conductors between
the service equipment, or the generator
switchboard of an isolated pﬁa:t, and
the final branch-circuit overcurrent de-
vice.

Festoon lighting. A string of outdoor
lights suspended between two points
more than 15 feet (4.57 m) apart.

Fitting. An accessory such as a
locknut, bushing, or other part of a
wiring system that is intended primarily
to perform a mechanical rather than an
electrical function.

Fuse. (Over 600 volts, nominal.) An
overcurrent protective device with a cir-
cuit opening fusible part that is heated
and severed by the passage of overcur-
rent through it. A fuse comprises all the
?arts that form a unit camble of per-
orming the prescribed ctions. It
may or may not be the complete device
necessary to conneet it into an electrical
circuit.

Ground. A conducting connection,
whether intentional or accidental, be-
tween an electrical circuit or equipment
and the earth, or to some conducting
body that serves in place of the earth.

Grounded. Connected to earth or to
some conducting body that serves in
place of the earth.

Grounded, effectively. (Over 600 volts,
nominal.) Permanently connected to
earth h a ground connection of
sufficiently low impedance and having
sufficient ampacity that ground fault
current virhich may occur cannot builil
up to voltages dangerous to personnel.

Grounded conductor. A system or cir-
cuit conductor that is intentionally
grounded.

Grounding conductor. A conductor
used to connect equipment or the
grounded circuit of a wiring system to a
grounding electrode or electrodes.

Grounding conductor, equipment. The
conductor used to connect the
noncurrent-carrying metal parts of
equipment, raceways, and other enclo-
sures to the system grounded conductor
and/or the grounding electrode conduc-
tor at the service auipment or at the
source of a separately derived system.

Grounding electrode conductor. The
conductor used to connect the ground-
ing electrode to the equipment ground-
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ing conductor and/or to the grounded
conductor of the circuit at the service
equipment or at the source of a sepa-
rately derived system.

_Ground-fault circuit interrupter. A de-
vice for the protection of personnel that
functions to deenergize a circuit or por-
tion thereof within an established period
of time when a current to ground ex-
ceeds some predetermined value that is
less than that required to operate the
overcurrent protective device of the sup-
ply circuit.

Guarded Covered, shielded, fenced,
enclosed, or otherwise protected by
means of suitable covers, casings, barri-
ers, rails, screens, mats, or platforms to
remove the likelihood of approach to a
point of danger or contact by persons or

objects.
Hoistway. Any shaftway, hatchway,
well hole, or other vertical opening or

space in which an elevator or dumb-
waiter is designed to operate.

Identified (conductors or terminals).
Identified, as used in reference to a
conductor or its terminal, means that
such conductor or terminal can be recog-
nized as grounded.

Identified (for the use). Recognized as
suitable for the specific purpose, func-
tion, use, environment, application, etc.
where described as a requirement in this
standard. Suitability of equipment for a
specific purpose, environment, or appli-
cation is determined by a qualified test-

ing laboratory where such identification ’

includes labeling or listing.
Insulated conductor. See “Conductor.”
Interrupter switch. (Over 600 volts,
nominal.) A switch capable of making,
carrying, and interrupting specified cur-
rents.

Intrinsically safe equipment and asso-
ciated wiring. EQuipment and associated
wiring in which any spark or thermal
effect, eSmduced either normally or in
specified fault conditions, is incapable,
under certain prescribed test conditions,
of causing ignition of a mixture of
flammable or combustible material in air
in its most easily ignitible concentra-
tion.

Isolated Not readily accessible to per-
sons unless special means for access are
used.
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Isolated power system. A system
comprising an isolating transformer or
its equivalent, a line isolation monitor,
and its ungrounded circuit conductors.

Labeled Equipment or materials to
which has been attached a label, symbol
or other identifying mark or a qualified
testing laboratory which indicates com:-
pliance with appropriate standards or
performance in a specified manner.

Lighting outlet. An outlet intended
for the direct connection of a
lampholder, a lighting fixture, or a pen-
dant cord terminating in a lamphol%ir.

Listed. Equipment or materials in-
cluded in a List published by a qualified
testing laboratory whose listing states
either that the equipment or material
meets appropriate standards or has
been tested and found suitable for use
in a specified manner.

Location—(a) Damp location. Par-
tially protected locaft;igns under c;no-
pies, uees, roo open porches,
and likmations. and interior locations
su‘l:gect to moderate degrees of moisture,
such as some basements.

(b) Dry location. A location not nor-
mally subject to dampness or wetness.
A location classified as dry may be
temporarily subject to dampness or wet-
ness, as in the case of a building under
construction.

(c) Wet location. Installations under-

d or in concrete slabs or masonry
in direct contact with the earth, and
locations subject to saturation with wa-
ter or other liquids, such as locations

to weather and unprotecued.
obile X-ray. X-ray equipment
mounted on a permanent base with
wheels and/or casters for moving while
completely assembled.
otor control center. An assembly of
one or more enclosed sections having a
common power bus and principally con-
ining motor control units.

Outlet. A point on the wiring system
at which current is teken to supply
utilization equipment.

Overcurrent. Any current in excess of
the rated current of equipment or the
ampacity of a conductor. It may result
from overload (see definition), short cir-
cuit, or ground fault. A current in
excess of rating may be accommodated
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by certain equipment and conductors
for a given set of conditions. Hence the
rules for overcurrent protection are spe-
cific for particular situations.

Overload Operation of equipment in
excess of normal, full load rating, or of a
conductor in excess of rated ampacity
which, when it persists for a sufficient
length of time, would cause damage or
dangerous overheating. A fault, such as
a short circuit or ground fauit, is not an
ov;ﬂoa?m ‘gveirl;c:]rrent. 21

ane single panel or group
of panel units designed E»r assembly in
the form of a single panel; including
buses, automatic overcurrent devices,
and with or without switches for the
control of light, heat, or power circuits;
designed to be placed in a cabinet or
cutout box placed in or against a wall or
partition and accessible only from the
front. (See ‘‘Switchboard. ')

Portable X-ray. X-ray equipment de-
signed to be hand-carried.

Power fuse. (Over 600 volts, nominal.)
See “Fuse.”

Power outlet. An enclosed assembly
which may include receptacles, circuit
breakers, fuseholders, fused switches,
buses and watt-hour meter mounting
gxmeants) intended to serve as a means for

istributing power required to operate
mobile or temporarily installed equip-
ment.

Premises wiring system. That interior
and exterior wiring, including power,
lighting, control, and signal circuit wir-
ing together with all of its associated
hardware, fitti and wiring devices,
both y and tem&ran] in-
stalled, which extends from loag end
of the service drop, or load end of the
service lateral conductors to the out-
let(s). Such wiring does not include wir-
ing in to appliances, fixtures, mo-
tors, controllers, motor control centers,
and similar equipment.

Qualified person. One familiar with
the construction and operation of the
quﬁeﬁx:td and t.helabohazards ixxrolved.

testing ratory. rop-
erly equipped and staffed tatm% lagora-
tory which has capabilities for and
which provides the following services:

(a) Experimental testing for safety of
specified items of equipment and materi-
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als referred to in this standard to deter-
mine compliance with appropriate test
standards or performance in a specified
manner;

(b) Inspecting the run of such items
of equipment and materials at factories
for product evaluation to assure compli-
ance with the test standards;

(c) Service-value determinations
through field inspections to monitor the
pr use of labels on products and
with authority for recall of the label in
the event a hazardous product is in-
stalled;

(d) Employing a controlled procedure
for identifying the listed and/or labeled
equipment or materials tested; and

(e) Rendering creditable reports or
findings that are objective and without
bias of the tests and test methods
enﬂ:loyed.

laceway. A channel designed ex-
gmsly for holding wires, cables, or
usbars, with additional functions as
permitted in this subpart. Raceways
macr be of metal or insulating material,
and the term includes rigid metal con-
duit, rigid nonmetallic conduit, interme-
diate metal conduit, liquid tight flexible
metal conduit, flexible metallic tubing,
flexible metal conduit, electrical metallic
tubing, underfloor raceways, cellular
concrete floor raceways, cellular metal
floor raceways, surface raceways,
wireways, and busways.

Readily accessible. Capable of bein
reached quickly for operation, renewal,
or inspections, without requiring those
to whom ready access is uisite to
climb over or remove obstacles or to
resort to portable ladders, chairs, etc.
(See ““Accessible.’)

Receptacle. A receptacle is a contact
device installed at the outlet for the
connection of a single attachment plug. -
A single receptacle is a single contact
device with no other contact device on
the same yoke. A multiple receptacle is
a single device containing two or more

tacles.
Receptacle outlet. An outlet where
one or more receptacles are installed.
Remotecontrol circuit. Any electric
circuit that controls any other circuit
through a relay or an equivalent device.
Sealable equipment. Equipment en-
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closed in a case or cabinet that is
orovided with a means of sealing or
wocking so that live parts cannot be
made accessible without opening the
enclosure. The equipment may or may

not be operable without opening the
enclosure.

Separately derived system. A pre
mises wiring system whose power is
derived from generator, transformer, or
converter windings and has no direct
electrical connection, including a solidly
connected grounded circuit conductor,
to supply conductors originating in an-
other system.

Service. The conductors and equip-
ment for delivering energy from the
electricity supply system to the wiring
system of the premises served.

Service conductors. The supply con-
ductors that extend from the street
main or from transformers to the ser-
vice equipment of the premises supplied.

Service drop. The overhead service
conductors from the last pole or other
aerial support to and including the
splices, if any, connecting to the service-
entrance conductors at the building or
other structure.

Service-entrance conductors, overhead
system. The service conductors between
the terminals of the service e:tl.ipm_ent
and a point usually outside the building,
clear of building walls, where joined by
tap or splice to the service drop.

Service-entrance conductors, under
round system. The service conductors

tween the terminals of the service
equipment and the point of connection
to gxe service lateral. Where service
equipment is located outside the build-
ing walls, there may be no service
entrance conductors, or they may be
entirely outside the building.

Service equiglrlnent. The netf:essary
equipment, usually consisting of a cir-
cuit pbreaker or switch and fuses, and
their accessories, located near the point
of entrance of supply conductors to a
building or other structure, or an other-
wise defined area, and intended to con-
stitute the main control and means of
cutoff of the supply.

Service raceway. The raceway that
encloses the service-entrance conductors.

Signaling circuit. Any electric circuit
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that energizes signaling equipment.
Switchm A large single panel,

frame, or assembly of panels which have
switches, buses, instruments, overcur-
rent and other protective devices
mounted on the face or back or both.
Switchboards are efleneraﬂy accessible
from the rear as well as from the front
and are not intended to be installed in
cabinets. (See ‘“‘Panelboard.”)
Switqhes—(a) General-use switch. A
switch intended for use in general distri-
bution and branch circuits. It is rated in
amperes, and it is capable of interrupt-
Ing its rated current at its rated volt-

age.

(b) General-use snap switch. A form
of general-use switch so constructed
that it can be installed in flush device
ques or on outlet box covers, or other-
wise used in conjunction with wiring
systems recognized by this subpart.

(c) Isolating switch. A switch in-

tended for isolating an electric circuit
from the source of power. It has no
interrup rating, and it is intended to
be operated only after the circuit has
been by some other means.

(d) Motorcircuit switch. A switch,
rated in horsepower, capable of inter-
rupting the maximum operating over-
load current of a motor of the same
horsepower rating as the switch at the
rated voltage.

Switching devices. (Over 600 volts,

nominal.) Devices designed to close
md/o;é?en one or more electric circuits.
Inclu in this category are circuit
breakers, cutouts, disconnecting (or iso-
lating) switches, disconnecting means,
and interrupter switches.
_ Transportable X-ray. X-ray equipment
mstalle&inavehicleorthatmayreadily
be disassembled for transport in a vehi-
cle.
Utilization equipment. Utilization
equipment means equipment which uti-
lizes electric ener, for mechanical,
chemical, heating, ting, or similar
useful purpose.

Utilization system. A utilization sys-
tem is a system which provides electric
power and light tor employee
workplaces, and includes the premises
wiring system and utilization equip-
ment.
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Ventilated. Provided with a means to
permit circulatior. of air sufficient to
remove an excess of heat, fumes, or

vapeTs.
Bolatile flammable kquid A flamma-
ble liquid having a flash point below 38
degrees C (100 degrees F) or whose
temature is above its flash point, or
a II combustible liquid having a
vapor pressure not ex ing 40 psia
(276 kPa) at 38° C (100° F) whose
zex‘n;pa’ature is above its flash point.
oltage. (Of a circuit.) The greatest
root-mean-square (effective) difference of
potential between any two conductors of
the circuit concern<d.
Voltage, nominal A nominal value
i tfo a circuit t‘l)r stem for the
urpose of conveniently ignating its
goltage class (as 120/240, 480Y/277, 600,
etc.). The actual voltage at which a

circuit operates can vary from the nomi-
nal within a r. t.aat permits satisfac-
tory operation of equ ipment.

Voltage to ground. For grounded cir-
cuits, ') t:g: between the given
conductor and t point or conductor
of the circuit that is grounded; for

ungrounded circuits, the greatest volit-
age hetween the given conductor and
any other conductor of the circuit.
atertight. So constructed that mois-

ture will not enter the enclosure.

Weatherproof. So constructed or pro-
tected that exposure to the weather will
not interfere with successful operation.
Rainproof, raintight, or watertight
?quipt can fﬁdiﬂmthe requxreng::
or weatherproof w varying wea
conditions other than wetness, such as
snow, ice, dust, or temperature ex-
tremes, are not a factor.

Wet location. See ‘Location.”

Subpart L—Ladders and Scaffolding

§1926.450 Ladders.

(8) General requirements. (1) Except
where either permanent or temporary
stairways or suitable ramps or run-
ways are provided, ladders described in
this subpart shall be used to give safe
access to all elevations.

(2) The use of iadders with broken
or missing rungs or steps, broken or
split side rails, or other faulty or de-
fective construction is prohibited.
When ladders with such defects are
discovered, they shall be immediately
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withdrawn from service. Inspection of
metal ladders shall include checking
for corrosion of interiors of open end
hollow rungs.

(3) Manufactured portable wood lad-
ders provided by the employer shall be
in accordance with the provisions of
the American National Standards In-
stitute, A 14.1-1968, Safety Code for
Portable Wood Ladders.

(4) Portable metal ladders shall te
of strength equivalent to that of wood
ladders. Manufactured portable metal
ladders provided by the employer shall
be in accordance with the provisions
of the American National Standards
Institute, A 14.2-1956, Safety Code for
Portable Metal Ladders.

(5) Fixed ladders shall be in accord-
ance with the provisions of the Ameri-
can National Standards Institute, A
34.3-1956. Safety Code for Fixed Lad-

ers.

(6) Portable ladder feet shall be
placed on a substantial base, and the
area around the top and bottom of the
ladder shall be kept clesar.

(7) Portable ladders shall be used at
such a pitch that the horizontal dis-
tance from the top support to the foot
of the ladder is about one-quarter of
the working length of the ladder (the
length along the ladder between the
foot and the top support). Ladders
shall not be used in a horizontal posi-
tion as platforms, runways, or scaf-
folds.

(8) Ladders shall not be placed in
passageways, doorways, driveways, or
any location where they may be dis-
placed by activities being conducted on
any other work, unless protected by
barricades or guards.

(9) The side rails shall extend not
less than 36 inches above the landing.
When this is not practical, grab rails,
which provide a secure grip for an em-
ployee moving to or from the point of
access, shall be installed.

(10) Portable ladders in use shall be
tied, blocked, or otherwise secured to
prevent their being displaced.

(11) Portable metal ladders shall not
be used for electrical work or where
they may contact electrical conduc-
tors.

(b) Job-made ladders. (1) Job-made
ladders shall be constructed for in-
tended use. If a ladder is to provide
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LAWRENCE LIVERMORE NATIONAL LABORATORY

Operational Safety Procedure Revised: 3-14-93

No. 0,121 Expires: 3-14-94
Review Level: A

TITLE: LIVERMORE GROUND WATER INVESTIGATION

REASON FOR ISSUE: An Operational Safety Procedure is required for all off-site

operations where the Laboratory has primary management responsibility.

RESPONSIBILITIES: R. C, Ragaini, Environmental Protection Department Head, and

his Associate F, Hoffman (Alternate) are responsible for implementing the controls
contained in this safety procedure and in other applicable Laboratory safety standards and
for the safety of this operation.

LOCATION: Drilling and sampling operations may be conducted in the Livermore Valley
and areas surrounding Site 300.

WORK TO BE DONE:

1. Aquifer mapping and sampling.
2. Well drilling and emplacement of drilling and pumping equipment.
3. Sample collection.

HAZARDS ANALYSIS:

The sources of possible personnel injury or property damage associated
with the operations are:

1. Drilling Operations

Personnel working in and near drilling rigs and platforms where hazards include
moving machinery, high pressure, flammable and/or combustible fluids, scaffolding,
cranes, falling objects, drilling through underground utilities, flying machinery parts,
overhead power lines, and unsafe footing.

2. Electrical Hazards

Electric power is supplied by gasoline or diesel en glne generators. Working conditions
may be wet and electrical shock possible.

3. Material Handling

Lifting of heavy and bulky equipment and boxes on and off truck at emplacement
locations is required.

QOPERATING AND PERSONNEL CONTROLS: To effectively control the above hazards
and to minimize the possibility of personnel injury or property damage, these requirements
shall be followed:
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No. 0,121 Expires: 3-14-
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Review Level: A

The Underground Services Alert (U.S.A.), City of Livermore, land owners, and
Zone 7 Water Board will be notified seven (7) days prior to commencement of
drilling. After clearance by these notified agencies as to location of buried utilities, the
LLNL Field Supervisor will mark location of new monitoring well.

The LLNL Health & Safety Manual will be made available to all personnel involved in
the field operations. They will be required to be familiar with portions of the manual
applicable to the particular operation.

The contractor is responsible for providing first aid and medical assistance to his
employees if they are injured or become ill. Emergency telephone numbers for
Medical Assistance and Fire Department shall be posted at each work site and shall be
site specific; i.e., 911 for Livermore City areas, ext. 3-5333 for Site 300, and ext.
2-7333 for LLNL main site proper and other LLNL/DOE property. All injuries and
accidents will be reported promptly to the Field Supervisor. Hazards Control will also
be notified as soon as possible.

Before any operations on a facility controlled by another organization, the Field
Supervisor shall contact the host Facility Safety Officer to determine site safety
regulations, and to resolve any discrepancy between those regulations and this OSP.

In any field operation, the Field Supervisor will be responsible for safe working
conditions, will halt work if site conditions are not deemed safe, and will not resume
work until the unsafe conditions have been corrected. An LLNL employee who is the
only LLNL employee working among the personnel shall act as Field Supervisor for
LLNL participation in the work.

Clothing and equipment suitable for unusual work conditions will be made available
and utilized as needed. Wearing of hard hats, safety glasses, and safety shoes will be
required on all drilling operations.

Safety belts and lanyards will be worn whenever it is necessary to climb up on the
aerial platform.

Each operation will be conducted in accordance with the Laboratory's "Working
Alone" policy as defined in the LLNL Health & Safety Manual, Section 26.15. In the
event that it is necessary for individuals to work alone under any circumstance, the
Field Supervisor will ensure that, at a minimum, adequate communications are
maintained and that other persons are aware of the itinerary, intended work locations,
and estimated return time of the persons working alone.

All electrical systems shall be checked for grounding continuity and for compliance
with the National Electrical Code during initial installation and periodically during
operation.

Any equipment or materials left in the field unattended must be turned off, secured,
and barricaded.
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11. Open trenches or excavations must have barricades to provide protection for
pedestrians, bicyclists, and motor vehicles. Each barricade that will be in place during
darkness must be equipped with a yellow flasher.

12. All hoses operating under pressure will be securely tethered.

13. If any operation requires entry onto private property, the Field Supervisor will ensure
that appropriate permission has been received in advance for entry onto the property
and receive assurance from the property owner or manager that all persons associated
with the property are aware of the LLNL operation.

14. The Hazards Control Safety Team Leader shall be notified prior to drilling in any
new location.

This Operational Safety Procedure was reviewed by:

R. C. Ragaini Environmental Protection Department Head
F. Hoffman Environmental Restoration Division Leader
T. R. Crites Hazards Control Department Head

I. M. Meisel Hazards Control Acting Safety Team Leader
E. C. Draney Site 300 Resident Manager

E. M. Fawcett Hazards Control Safety Team 5 Leader
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LIVERMORE SITE 200 AND SITE 300 OFF-SITE GROUND WATER
INVESTIGATION ACTIVITIES

1.0 Reason For Issue

1.1  An Operational Safety Procedure is required for all off-site operations
where the Laboratory has primary management responsibility.
Carcinogens and other hazardous substances (e.g. benzene, chlorinated
hydrocarbons, radionuclides, metals) may be encountered during
drilling operations. This OSP also serves as an administrative tool to
summarize many of the requirements of the Health and Safety Manual
which are pertinent to this operation. This OSP supplements the
existing Site 200 and Site 300 Site Safety Plans which address this work
(UCRL- 21174 and UCRL-21172).

2.0 Work To Be Done And Location Of The Activity
21  Aquifer mapping and sampling.

22 Drilling and construction of monitor wells, extraction wells,
piezometers and the installation of associated pumping equipment.

23  Sdil, rock, and ground water sample collection.
24  Geophysical measurements at surface.

25 Location: Off-site in the Livermore Valley and areas surrounding Site
300.

3.0 Responsibilities

3.1 R. Bainer, Site 200 (Ext. 2-4635), and M. Taffet Site 300 (Ext. 2-6114) are
responsible for the safety of this operation and for assuring that all
work is performed in conformance with this OSP, the FSP at Site 300,
and applicable sections in the Health & Safety Manual and
Environmental Protection Handbook. In their absence, ]. Duarte, Site
200 (Ext. 3-2638) and ]. Greci, Site 300 (Ext. 3-5043) shall assume these

responsibilities.
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32 Others involved in this operation include W. McConachie

3.3

34

4.0

4.1

4.2

Environmental Protection Department, (Ext. 3-3501); Environmental
Restoration Division Leader; ]. Ziagos, Site 200 Restoration Section
Leader, (Ext. 2-5479); A. Lamarre, Site 300 Restoration Section Leader,
Ext. (2-0757).

Any changes in operations that improve or do not significantly affect
safety and environmental controls may be approved by the
Authorizing Individual for this OSP and the ES&H Team Leader. The
Responsible Individual will ensure that this action is documented in a
memorandum. Any changes in operations that increase the hazard
level, introduce additional hazards, or decrease safety shall not be made
until a revision of or supplement to this OSP has been reviewed and
approved consistent with the review and approval process for the
original OSP.

Before starting operation, the responsible individual shall verify and
document that the operating personnel have read and understand the
OSP and applicable sections of the FSP at Site 300.

Hazards Analysis
Drilling Operations

Personnel working in and near drilling rigs are exposed to a variety of
mechanical hazards including moving machinery, high pressure (e.g.
hydraulic lines), flammable and/or combustible fluids (gasoline in
ground water), unsafe use of cranes, falling objects, drilling through
underground utilities, flying machinery parts, and unsafe walking and
working surfaces. The consequences of accidents involving these
physical hazards can range from minor injury to fatal injury.

Electrical Hazards

Electric power is often supplied by gasoline or diesel engine generators.
Working conditions may be wet and electrical shock with possible fatal
consequences may occur. (In addition, it is possible that drilling
operations may encounter buried electrical utilities, potentially
resulting in exposure to very high voltages which could be fatal and/or
initiate fires.)
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43 Underground Utilities

44

4.5

4.6

Drilling operations may encounter buried utilities including gas and
electrical lines. Drilling into electrical lines may potentially result in
exposure to very high voltages that could be fatal and/or initiate fires.
Drilling into gas lines may potentially result in an explosion.

Material Handlin

Lifting of heavy and bulky equipment and boxes on and off trucks at
emplacement locations is required. Physical injury, particularly back
strain or crushing injuries, may occur.

Contaminated Materials

Drillers, geologists, samplers and support personnel may come in
contact with sediments, rock, soil, ground water and drilling fluids
which have been contaminated with varying concentrations of
hazardous materials. The benzene component of gasoline, some
halogenated solvents, some metals, and the radionuclides which may
be encountered may be carcinogenic or hazardcus; repeated exposure to
these materials by inhalation, ingestion, or skin absorption may
increase the risk of developing cancer or other ailments. In addition,
overexposure to halogenated solvents may result in central nervous
system damage, liver damage, as well as adverse reproductive genetic
effects. Skin contact with halogenated solvents can also d:-fat the skin,
resulting in localized irritation, skin cracking, and infections, a
condition referred to as primary dermatitis. It is anticipated that the
concentration of most of these contaminants in ground water, rock,
soil, drilling fluids or sediments will be so low as not to pose an
occupational exposure concern. However, there may be exceptions
encountered (e.g. pockets of pure gasoline floating on the water table)
where exposure of the drilling crew could be significant. Where high
concentrations of gasoline or other flammable material is present, the
possibility of fire or explosion of vapors trapped in the borehole may
exist.

Geophysical Measurements

A variety of surface geophysical measurements may be conducted
using seismic and electrical tehniques. Seismic sources including
vibrators, weight drops, airguns and shotgun shells, present the
possibility of injury. Some seismic sources emit loud noises and can
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cause hearing damage. Most electrical methods have no associated
hazards, although the possibility of electrical shock may be present in
some applications.

47 Noise

Drilling equipment is capable of producing sound levels in excess of 85
dB(A), the 8-hour Threshold Limit Value recommended by the
American Conference of Governmental Industrial Hygienists (ACGIH)
and adopted by LLNL.

5.0 Controls

The hazards listed in Section 4.0 are addressed in the LLNL Hexalth and Safety
Manual, the Environmental Restoration Program Standard Operating
Procedures, the Environmental Restoration Series Site Safety Plan and the
Safety and Operations Manual for Site 300. These documents are provided to
and discussed with all personnel including those involved in drilling and
sampling operations before work begins so that each worker is familiar with
portions of the documents pertaining to the particular operation.

The Site Safety Officer or designated person is responsible for safe working
conditions and shall halt work if site conditions are deemed unsafe.
Operations shall not be resurned until the conditions have been corrected. In
addition, a daily safety meeting shall be conducted with the Field Geologist
prior to the commencement of drilling operations to highlight specific safety
concerns particular to the cay's operations.

The following section lists additional safeguards to address the specific
hazards described in Section 4.0.

5.1 Drilling Operations

5.1.1 All subcontractors working on and around drill rigs shall be
properly trained to work on these rigs by their companies in
accordance with LLNL recognized standards.

5.12 At a minimum, workers are required to wear level D protective
clothing-which includes hard hats, gloves, safety glasses, and
steel-toed shoes. The Field Geologist shall be responsible for the
enforcement of personal protective -clothing requirements.
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5.2

53

5.4

Hearing protection may be required if noise is above acceptable
levels as determined by Hazards Control.

5.13 Only trained operators shall be used for drilling operations. In
addition, the safe use of drilling machinery shall be highlighted
during the daily safety meeting. All hoses operating under
pressure shall be securely tethered.

514 Workers required to climb drilling masts to perform
maintenance and repairs are required to wear safety belts and/or
lanyards. All workers required to work on the mast of the drill
rig shall be properly trained in the use of safety belts and
lanyards by their companies to conform with LLNL standards.

5.1.5 An exclusion zone shall be clearly marked with barricades, signs
and/or taping where only trained personnel associated with the
drilling operations are permitted.

5.1.6 Open boreholes and wells shall be covered and/or secured when
unattended.

Electrical Hazards

All electrical systems used during drilling and sampling operations
shall be checked for proper grounding during the initial installation.

Underground Utilities

The Underground Services Alert (U.S.A.), City of Livermore, land
owners, and Zone 7 Water Board shall be notified seven (7) days prior
to commencement of drilling off-site near Livermore. San Joaquin
County Health Services, U.S.A. and landowners shall be notified prior
to commencement of drilling off-site near Site 300. After clearance by
these agencies as to location of buried utilities, the LLNL designated
Drilling Supervisor shall approve the location of new wells to avoid
any possibility of disrupting these utilities.

Material Handling

Workers are instructed in safe handling and lifting practices. If any
spedialized lifting equipment is to be used, only trained operators shall
be authorized to use such equipment.
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55 Contaminated Materials

5.6

57

5.8

The appropriate Health and Safety Technician and Environmental
Analyst shall be notified prior to the commencement of any new
drilling or downhole geophysical operations. Clothing and equipment,
including appropriate monitoring equipment suitable for the work
conditions as specified by Hazards Control, shall be used as needed.
The Field Geologist shall monitor the breathing zone, drill cuttings and
/or drilling mud and fluids with an Organic Vapor Meter (OVM)
and/or an Organic Vapor Analyzer (OVA), and a radiation meter. If
organic vapor or radiation levels exceed twice background levels, or in
the absence of background concentrations, 5 ppm, when measured,
using either an OVM or OVA or there is evidence of contamination
that could impact worker health and safety, then the Field Geologist
shall cease operations and contact the designated Drilling Supervisor
who shall contact the appropriate technical support personnel from
Hazards Control. If necessary, personal protective clothing shall be
upgraded to prevent worker exposure.

Geophysical Measurements

If explosives are r<ed as a seismic source, the Shot Loader and
Detonator shall be funy licensed and trained as to the proper handling
and initiating of the charges. Hearing protection shall be required for
personnel operating seismic sources or other geophysical instruments
that generate noise above acceptable levels as determined by Hazards
Control.

Noise

Whenever new or previously unevaluated drilling equipment is used,
the drilling geologist shall contact Hazards Control ES&H Team 4 to
obtain a noise survey. If noise exposures approach or exceed 85 dB(A)
hearing protection, as recommended by Hazards Control shall be worn
by all employees working within the designated hazard radius.

ther Safety Documents

The LLNL Headlth & Safety Manual, the Environmental Restoration
Program Standard Operating Procedures, and the Environmental
Restoration Series Site Safety Plan shall be made available to all
personnel involved in the field operations. They shall be required to
be familiar with portions of the manual applicable to the particular
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5.9

5.10

5.11

5.12

5.13

6.0

6.1

operation. A daily safety meeting with the field personnel shall be
conducted by the Field Geologist prior to the commencement of
drilling operations.

Before conducting any operations on a facility controlled by another
organization, the Site Safety Officer or designated Drilling Supervisor
shall contact the host Facility Safety Officer to determine site safety
regulations, and to resolve any discrepancy between those regulations
and this OSP.

In any field operation, the designated Site Safety Officer or Drilling
Supervisor shall be responsible for safe working conditions, shall halt
work if site conditions are not deemed safe, and shall not resume work
until the unsafe conditions have been corrected. Hazards Control shall
also be notified as soon as possible. The Field Geologist shall oversee
and enforce all field activities.

Each operation shall be conducted in accordance with the Laboratory's
"Working Alone” policy as defined in the LLNL Health & Safety
Manual, Section 26.15. In the event that it is necessary for individuals
to work alone under any circumstance, the Site Safety Officer or
designated Drilling Supervisor shall ensure that, at a minimum,
adequate communications are maintained and that other persons are
aware of the itinerary, intended work locations and estimated return
time of the persons working alone.

Any equipment or materials left in the field unattended shall be turned
off, secured and barricaded prior to leaving the site.

If any operation requires entry onto private property, the Site Safety
Officer or designated Drilling Supervisor shall ensure that appropriate
permission has been received in advance for entry onto the property,
and receive assurance from the property owner or manager that all
persons associated with the property are aware of the LLNL operation.

Environmental Concerns and Controls

The primary environmental concerns are cross-contamination of water
bearing zones and surface contamination from drill cuttings and/or
drilling fluids.
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6.2

6.3

6.4

6.5

7.0

7.1

6.1.1 During drilling operations, the drill cuttings or drilling fluids
shall be monitored by the Field Geologist as outlined in Section
5.5 to ensure that no cross-contamination or surface
contamination occurs.

At Site 300 disruption of habitat of two endangered species, the San
Joaquin kit fox (Vulpes macrotis mutica) and the large-flowered
fiddleneck (Amsinka grandiflora) could occur.

6.2.1 Sixty days prior to the commencement of drilling, a survey will
be conducted to determine the presence or absence of Kit fox
dens and the type. No offsite drilling or other activities shall be
performed within 25 feet of a kit fox den at any time.

6.22 No drilling activities will be conducted which may
endanger a population of large-flowered fiddleneck.

Drilling debris, decontamination materials and discarded safety
equipment shall be placed in separate containers labeled "Potentially
Hazardous Waste-Pending Analysis" and stored in the Environmental
Restoration Division's designated Waste Accumulation Area at
Building 597 or, for work at Site 300, Building 843 Waste Accumulation
Area until analytical results are received. Any materials found to be
contaminated shall be disposed of through Hazardous Waste
Management.

Drilling mud shall be disposed of according to Environmental
Protection Department's Environmental Restoration Series Standard
Operating Procedures for Site 200, dated July 1990, (M-24S Rev. 1.3) and
Site 300 dated August, 1992, (UCRL-MA-10911S).

No drilling operations will be conducted in identified historic or
prehistoric sites at Site 300, and access through these sites will be
restricted by means of stakes, flagging, barricades, etc.

Training
All authorized operators shall have completed the following safety

courses if they are utilizing intrusive methods into potentially
contaminated areas:



Lawrence Livermore National Laboratory Effective:  1/93
Operational Safety Procedure No: 0-121 Expires: 1/%4
Review Level: A Page9

7.2

7.3

74

8.0
8.1

8.2

9.0

9.1

HS-0001 - New Employee Orientation.
HS-4050 - Health Hazards Communication.

EP-0006 - Hazardous Waste Handling Practices - Untrained personnel
may work under the supervision of trained personnel. Employees
must be trained within 6 months of hire date and annually thereafter.

H5-0095 - Health and Safety for Employees and Visitors at Site 300.
Personnel involved shall have received at a minimum the 40 hours of
CERCLA/SARA Health and Safety classroom training and 24 hours of
field training pursuant to the requirements of 29 CFR Section 1910.120.
Supervisory personnel shall have taken an additional 8 hours of
specialized supervisory training. All personnel shall have taken the
annual 8 hour refresher Health and Safety training as necessary.

If noise levels are found to exceed 85 dB(A) all LLNL and supplemental
labor employees working on the site shall attend HS5-4360 "Noise".

The responsible individual shall ensure that all required training,
including on-the-job training if applicable, is complete and
documented.

Maintenance

All field monitoring equipment shall be calibrated as specified in the
respective Site 200 and Site 300 Site Safety Plans, LLNL Document
Numbers UCRL-21174 dated July, 1989, and UCRL-21172 dated October,
1989.

Drilling equipment shall be maintained by the drilling subcontractor.

Quality Assurance

Quality Assurance requirements are detailed both in the Quality
Assurance Project Plan - LLNL Ground Water Project, UCAR # 10219
dated June, 1989, (Site 200) and in the Quality Assurance Project Plan,
LLNL Site 300 Environmental Restoration Project, UCRL-AR-103160,
Rev. 1 (Site 300).
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10.0 Emergency Response Procedures

10.1 Contractors are responsible for providing first aid and medical
ass_stance to their employees if they are injured or become ill.
Emergency telephone numbers for Medical Assistance and Fire
Department shall be posted at each work site and shall be site specific,
i.e., 911 for Livermore City areas, 911 for Site 300, and 911 for LLNL
main site property and other LLNL/DOE property. All injuries and
accidents shall be reported promptly to the Site Safety Officer or
designated Drilling Supervisor. Hazards Control will also be notified
as soon as possible.

11.0 References

11.1 Site Safety Plan for Lawrence Livermore National Laboratory CERCLA
Investigations UCRL-21174, July, 1989.

11.2 Site Safety Plan for Site 300 Environmental Restoration UCRL #21172,
October, 1989.

11.3 Environmenta! Restoration Program Standard Operating Procedures,
July 1990, #M-245 Rev. 1.3.

11.4 LLNL Site 300 Environmental Restoration Project Standard Operating
Procedures (SOPs) UCRL-MA-109115, April, 1992

11.5 Quality Assurance Project Plan - LLNL Ground Water Project UCAR #
10219, June, 1989.

11.6 Quality Assurance Project Plan Lawrence Livermore National

Laboratory Site 300 Environmental Restoration Project, UCRL-AR-
103160, Rev. 1, October, 1992.
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Appendix G
Levels Of Personal Protection**



APPENDIX G

LEVELS OF PERSONAL PROTECTION**

LEVEL A - To be selected when the greatest level of skin, respiratory, and
eye protection is required.

Level A equipment; used as appropriate.

1.
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Pressure-demand, full face-piece self-contained breathing apparatus (SCBA), or pressure-
demand supplied air respirator with escape SCBA, approved by the National Institute for
Occupational Safety and Health (NIOSH).

Totally encapsulating chemical-protective suit.
Coveralls.*

Long underwear.*

Gloves, outer, chemical-resistant.

Gloves, inner, chemical-resistant.

Boots, chemical-resistant, steel toe and shank.
Hard hat (under suit).*

Disposable protective suit, gloves and boots (Depending on suit construction, may be worn
over totally encapsulating suit).

10. Two-way radios (worn inside encapsulating suit).

*Optional, as applicable.

LEVEL B - The highest level of respiratory protection is necessary, but a
lesser level of skin protection is needed.

Level B equipment; used as appropriate.

1.
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Pressure-demand, full-face piece self-contained breathing apparatus (SCBA), or pressure-
demand supplied air respirator with escape SCBA (NIOSH approved).

Hooded chemical-resistant clothing (overalls and long-sleeved jacket; coveralls; one or two-
piece chemical-splash suit; disposable chemical-resistant overalls).

Coveralls.*

Gloves, outer, chemical-resistant.

Gloves, inner, chemical resistant.

Boots, outer, chemical-resistant steel toe and shank.
Boot-covers, outer, chemical resistant (disposable)*.
Hard hat.



9. Two-way radios (worn inside encapsulating suit).
10. Face shield.*
*Optional, as applicable.

LEVEL C- The concentrations(s) and type(s) of airborne substance(s) is
known and the criteria for using air purifying respirators are met.

Level C equipment; used as appropriate.

1. Full-face or half-mask, air purifying, canister equipped respirators (NIOSH approved).

(8]

Hooded chemical-resistant clothing (overalls; two-piece chemical-splash suit; disposable
chemical-resistant overalls).

Coveralls.*

Gloves, outer, chemical-resistant.

Gloves, inner, chemical resistant.

Boots, outer, chemical-resistant steel toe and shank.*
Boot-covers, outer, chemical resistant (disposable). *
Hard hat.

Escape mask.*

10. Two-way radios (worn under outside protective clothing).
11. Face shield.*
*Optional, as applicable.

LEVEL D - A work uniform affording minimal protection: used for
nuisance contamination only.

Coveralls.

Gloves.*

Boots/shoes, chemical-resistant steel toe and shank.
Boots, outer, chemical-resistant (disposable).*
Safety glasses or chemical splash goggles.*

Hard hat.

Escape mask.*

Face shield.*

*Optional as applicable.
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The types of hazards for which levels A, B, C, and D protection are appropriate
are described below:

Level A protection should be used when:

1.

The hazardous substance has been identified and requires the highest level of protection for
skin, eyes, and the respiratory system based on either the measured (or potential for) high
concentration of atmospheric vapors, gases, or particulates; or the site operations and work
functions involve a high potential for splash, immersion, or exposure to unexpected vapors,
gases, or particulates of materials that are harmful to skin or capable of being absorbed through
the intact skin,

. Substances with a high degree of hazard to the skin are known or suspected to be present, and

skin contact is possible, or

. Operations must be conducted in confined, poorly ventilated areas and the absence of

conditions requiring Level A have not yet been determined.

Level B protection should be used when:

1.

The type and atmospheric concentration of substances have been identified and require a high
level of respiratory protection, but less skin protection.

NOTE: This involves atmospheres with IDLH concentrations of specific substances that do
not represent a severe skin hazard; or that do not meet the criteria for use of air-purifying
respirators.

. The atmosphere contains less than 19.5 percent oxygen, or

3. The presence of incompletely identified vapors or gases is indicated by a direct-reading organic

vapor detection instrument, but vapors and gases are not suspected of containing high levels of
chemicals harmful to skin or capable of being absorbed through the intact skin.

Level C protection should be used when:

1.

3.

The atmospheric contaminants, liquid splashes, or other direct contact will not adversely affect
or be absorbed through any exposed skin,

. The types of air contaminants have been identified, concentrations measured, and a canister

respirator is available that can remove the contaminants, and

All criteria for the use of air-purifying respirators are met.

Level D protection should be used when:

1.
2.

The atmosphere contains no hazard, and

Work functions preclude splashes, immersion, or the potential for unexpected inhalation of or
contact with hazardous levels of any chemicals.

NOTE: As stated before combinations of personal protective equipment other than those
described for Levels A, B, C, and D protection may be more appropriate and may be used to
provide the proper level of protection.

**This information is from 29 CFR 1910.120 Appendix B.
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