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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 Nationai
Laboratory (LLNL) Site in Livermore, California, 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 dunng these act-vities 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.
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1. Emergency Contacts and Telephone Numbers

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positions and any other outdated information.

Local Contacts for Ali Emergencies

From Lawrence Livermore National Laboratory (LLNL)phones 911

Offsite Emergency Response 911

Hazardous Materials Information

Toxline (301) 496-1131

CHEMTREC (24-hour, emergency 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 I4,eporting Emergencies

When calling 911 for assistance 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 injuredandlocation.

4. Natureof emergency and type of exposure, when appropriate.

5. Actions already taken.

i I

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

Illmlr, I I



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 SitcJ 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 must
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.

II

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, lt is clearly impossible to anticipate 'ali specific safety
and health hazards beforehand; therefore, ali 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 document will assist in
preparing indi_ 2duals to recognize hazards. This document incorporates appropriate rules,
guidelines, and recommended work practices contained in previously published material. Ali
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 spil!
area near the former Building 403, (3) the southeast section, (4) the east-central section, mad
(5) the remainder of site area, which includes all areas not in areas 1 through 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). • Chloroform.

• Carbon tetrachloride (CC14). • 1,1-Dichloroethylene (1,1-DCE).

• 1,1-Dichloroethane (1,1-DCA). • Tritium.

• 1,2-Dichloroethane (1,2-DCA).

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 pCi/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).



• Toluene. • Ethlyene dibromide (EDB).

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

• Heat stress. • Heavy equipment.

• Noise. • Confined space entry.

• 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
ate 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

John 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 ali
operations are conducted by the SSO's in accordance with this Site Safety Plan.

Health and safety activities are important during ali 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. Ali site personnel shall comply with the
requirements of this plan and cooperate with project management in its implementation. It is
the responsibility of ali site personnel to immediately report any of the following to the SSO:

A. Ali accidents or injuries.

B. Unsafe or malfunctioning equipment.

C. Any symptoms or signs of chemical exposure.

7
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"9. Unexpected or uncontrolled releases of chemicals.

E. Unauthorized personnel entry onto the site.

F. 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
contractor 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 immediate 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.

Ali 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 ali 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 ali 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 ali 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 suppo.,'t and technical
services to the SSO or a designate as requested and required by LLNL policy.
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5. 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. Ali
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 medic_ 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 histories.

• Physical examination.

• Vision test.

• Urinalysis.

• Blood chemistry panel and complete blood count.

• Pulmonary function tests and respirator use clearance.

Optional tests include:

• 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. Ali 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 regaa'd to the use of respirators, for 30 days or
more per year.

B. Ali 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. Ali 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. Prior to assignment.

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

C. 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.

D. 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. A description of the employee's duties as they relate to employee's exposures.

B. TI_ employee's exposure levels or anticipated exposure levels.

C. 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.

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

E. 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. An opinion as to whether the employee has any detected medical conditions which
would piace 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.

C. 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. Employee's name and social security number.

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

C. Any employee medical complaints related to exposure to hazardous substances.

D. 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

• Trichloroethylene (TCE).
• Tetrachloroethylene (PCE). • Heavy equipment (drill rig,
• Carbon tetrachloride (CC14). backhoe, crane).
• 1,1-Dichlorethane (1,1-DCA). • Noise.
• 1,2-Dichloroethane (1,2-DCA). • Heat stress.
• 1,2-Dichloroethylene (1,2-DCE). • Excavations.
• Chloroform. • Underground utilities.
• 1,1-Dichloroethylene (1,1-DCE). • Fire and explosion.
• Tritium. • Electrical.
• Benzene. • Confined space.
• Toluene.
• Xylenes. 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.

15



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

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

Exposure 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.

OSHA PEL Time-Weighted Average (TWA) 1 ppm; Short-term Exposure
Limit (STEL) 5 ppm.

ACGIH TLV TWA 10 ppm; a suspected human carcinogen.
NIOSH TWA 0.1 ppm; Ceiling Exposure Limit (CEIL) 1 ppm; a human

carcinogen (leukemia).
IDLH 2,000 ppm.

6.1.2. Carbon tetrachloride (CC! 4 )

Odor Heavy, ether-like odor.
Odor threshold 50 ppm.
Fire potential Not combustible.
Exposure Primarily a narcotic, but prolonged exposure can cause liver and

kidney damage. Symptoms: drowsiness, dizziness, and
incoordination.

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

ACGIH TLV TWA 5 ppm; skin; a suspected human carcinogen.
NIOSH CEIL 2 ppm; a human carcinogen (liver).
IDLH 300 ppm.

6.1.3. Chloroform

Odor Pleasant; ether-like; nonirritating.
Odor threshold 50 to 200 ppm.
Fire potential Nonflammable, but will burn on prolonged exposure to flame or

high temperature.

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

OSHA PEL STEL 50 ppm (transitional limit); TWA 2 ppm (f'mal limit)
ACGIH TLV TWA 10 ppm; a suspected human carcinogen.
NIOSH CEIL 2 ppm; a suspected human carcinogen.
IDLH 1,000 ppm.

6.1.4. 1,1-DCA

Odor Aromatic, ether-like odor.

Odor threshold 88-200 ppm.
Fire potential Very volatile flammable liquid.
Flammable limits LFL 5.9%, UFL 15.9%.

16



Explosive limits LEL 5.6%, UEL 11.4%.
Exposure A narcotic and can also cause damage to liver, kidneys, and

lungs. Symptoms: drowsiness.
•OSHA TWA 100 ppm.
ACGIH TLV TWA 200 ppm; STEL 250 ppm.
IDLH 4000 ppm.

6.1.5. 1,2-DCA

Odor Mild, sweet odor resembling that of chloroform.
Odor Threshold 50 ppm.
Fire Potential Very volatile flammable liquid.
Hammable limits LFL 6.2%, UFL 15.9%.

Explosive limits LEL 6.2%, UEL 16%.

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

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

ACGIH TLV TWA 10 ppm.

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

6.1.6. 1,1-DCE

Odor Mdd, sweet odor resembling that of chloroform.
Odor threshold 500 to 1,000 ppm.
Fire potential Very volatile flammable liquid.
Hammable limits LFL 7.3%, UFL 16%.

Explosive limits LEL 5.6%, UEL 11.4%.

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

OSHA TWA 1 ppm (final limit).

ACGIH TLV TWA 5 ppm; STEL 20 ppm.

6.1.7. 1,2-DCE

Odor Ether-like, slightly acrid odor.

Odor threshold 0.1 ppm.
Fire potential Very volatile flammable liquid.
Flammable limits LFL 9.7%, UFL 12.8%.

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

OSHA PEL TWA 200 ppm.
ACGIH TLV TWA 200 ppm.
IDLH 4,000 ppm.
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6.1.8. Diesel

Odor Characteristic of petroleum distillate.

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

Exposure 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.

ACGIH TLV Not established. Reduce exposure to lowest feasible level.

6.1.9. Gasoline

Odor Characteristic of gasoline; threshold, 0.25 ppm.

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

Flammable limits LFL 1.4%, UFL 7.4%.

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

ACGIH TLV: TWA, 300 ppm; STEL, 500 ppm.

6.1.10. PCE

Odor Chloroform-like odor.

Odor threshold 5 ppm.
Fire potential Nonflammable.
Exposure Irritating to eyes, nose, and throat. Symptoms: affects central

nervous system, causes anesthesia.
OSHA PEL TWA 100 ppm; CEIL 200 ppm; PEAK 300 ppm, 5 minutes in

any 3 hours.
ACGIH TLV TWA 50 ppm; STEL 200 ppm.
IDLH 500 ppm.

6.1.11. TCE

Odor Chloroform-like odor.

Odor threshold 50 ppm.
Fire potential Low fire hazard.
Flammable limits LFL 8%, UFL 10.5%.

Explosive limits LEL 12.5%, UEL 90%.
Exposure Irritating to eyes, nose, and throat. Symptoms: nausea, blurred

vision, and disturbance of central nervous system.
OSHA PEL 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).

ACGIH TLV TWA 50 ppm; STEL 200 ppm.
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NIOSH TWA 25 ppm; a suspected human carcinogen.
IDLH 1,000 ppm.

6.1.12. Tritium (3H)

Half-life: 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
fl = 1.0.
ALI (I.tCi) = 8.1 ¥ 104 (HTO).
DAC (_tCi/cm3)= 2.2 ¥ 107 (HTO).

6.1.13. Toluene

Odor Sweet, pungent, benzene-like odor.
Odor threshold 0.17 to 2.1 ppm.
Fire potential Flammable liquid ignitable under almost ali normal temperature

conditions.

Flammable limits LFL 1.2%, UFL 7.1%.

Explosive limits LEL 1.2%, UEL 7.1%.
Exposure Irritating to eyes, nose, and throat. Symptoms: dizziness,

headache, and anesthesia.

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

ACGIH TLV TWA 100 ppm; STEL 150 ppm
NIOSH TWA 100 ppm; CEIL 200 ppm.
IDLH 2,000 ppm.

6.1.14. Xylenes

Odor Like benzene.

Odor threshold 0.05 ppm.
Fire potential Material is flammable and can form explosive mixtures with air.
Flammable limits XLM: LFL 1.1%, UFL 6.4%.

XLO: LFL 1.1%, UFL 7.0%.
XLP: LFL 1.1%, UFL 6.6%.

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

OSHA PEL TWA 100 ppm (transitional and final limit).
STEL 150 ppm (final limit).

ACGIH TLV 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 axe 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 treat 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, lt 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 haz_ds 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 ma? 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. Physical 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 figs, primarily involve
mo,_ing 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 personnelwill operate machinery. Hard hats
and steel-toed boots will be worn by ali personnel operating or working in proximity to heavy
equipment. Refer to Appendix E for additional safety info: .,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 ali 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 requ'_rements is presented in Appendix C.

6.2.5. Confined S'-ace Entry

Although no cor,'fined space entries are currently anticipated, employees will be trained in
what types of areas might be confined spaces. When entry into a conf'med 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 CIR 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. Ali 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 atmosphere inside
the tank will be monitored with a combustible gas indicator prior to removal. 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 f_::_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, failing, head trauma,
lifting heavy objects, insect bites, etc. Ali 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).

II

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

II I

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.

IIII

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

Illll

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).
iiii _ i II _

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 fig.

Emergency first aid procedures for organic compounds.
I

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).

C. Anticipated duration of use.

D. Maintenance and storage requirements.

E. Decontamination and disposal.

F. Inspection procedures.

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

H. 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.).

29



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, lt 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 ali workers have ali 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/m 3.

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 protection for dusts, fumes, and mists
shall be for a TWA less than 0.05 mg/mL

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, etco) 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 ali 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 1910.14 I, "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
quantifies 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:

• Airborne 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 ali of the following monitoring equipment to
assist in evaluating potential hazards:

• Combustible gas/oxygen meter.

o 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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• 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.

• 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 (AVHA) 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:

• initiation of work in a different portion of the site.

• If new contaminants a: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
employee_, 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 eech
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, or at work areas, as appropriate:

• First aid kit.

• First aid handbook.
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• 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.

• Safegum'd the health and safety of all employees and the public by complying with ali
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

Ali 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. Ali site
personnel are required to complete 8 hours of "Refresher" training annually.

Instructors shall have completed a training program tor 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

Ali 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 ali 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 ali hand-to-mouth contact when
your clothing or body may be contaminated (i.e., be careful until aB.ez 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
requiting 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 movin_ parts. Any of these items can become snagged in
moving equipment and result ial 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 foUowing 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 piace 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.

• 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

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

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

• Ali 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 _secure
identification. Identification must be visible even when ali 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 fn'e 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.

9.3, 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.

• Restoration of breathing/CPR.

• Control of bleeding.

• Recognition and treatment of physical shock.

• Open and closed wounds and burns.

• Fractures and dislocations.

41



42



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. Zones 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 fig) 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

Ali 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:

• 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).

• Use and maintenance of personnel protective apparel 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:

• 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 ali 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 Hl20.1.

Table Hl20.1. Minimum illumination intensities in foot.candles

Foot-candles Area or operations

5 General site areas.

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

5 Indoors: warehouse, corridors, hallways, and exitways.

5 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 fights shall be acceptable for use in the
tunnel heading.

10 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. Ali 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 LLNL General
Site Safety Plan and provides detailed information for aspecific operation not fully addressed
in the Plan. A copy of the tSP shall be kept at the work site at ali 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.

B. Personal Protective Equipment For Each Task.

C. Type and Frequency of Air Monitoring.

D. Site Control Measures.

E. Decontamination Procedures.

F. Spill Containment Program.

G. Employee Training Assignments.

H. Confined Space Entry Procedures.

I. Emergency Response Procedures.

J. Site Inspections.

K. Medical Surveillance.

L. Pre-Entry Briefing.
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Appendix B

Acronyms

ACGIH American Conference of Governmental Industrial Hygienists

AIHA American Industrial Hygiene Association

As low as reasonably achievable

ALI Allowable Limit on Intake (BCi). 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

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CPR Cardiopulmonary resuscitation

DAC Derived Air Concentration (BCi/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

DHS Department of Health Services

DOE Department of Energy

DTSC California Department of Tox Substances Control

EPA Environmental Protection Agency

ERD Environmental Restoration Division

f 1 Retention factor in organs of the body by specific radioactive isotopes

FID Flame Ionization Detector

HEPA High Efficiency Particulate Arrestor

HTO Tritiated water

IDLH 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

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

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

LLNL Lawrence Livermore National Laboratory

MSDS Material Safety Data Sheets

NIOSH National Institute for Occupational Safety and Health

OSHA Occupational Safety and Health Administration

OSPs Operational Safety Procedures

B-1



PEL Permissible Exposure Limit set by OSHA; values usually are expressed in ppm
or mg/m 3. PELs are expressed as"

• 8-hour TW A 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.

PID Photoionization Detector

PPE Personal Protective Equipment

SSO Site Safety Officer

TLV Threshold limit value as issued by ACGIH; values usually are expressed in
ppm or mg/m 3. TLVs are expressed as:

• TLV-TWA: the TWA concentration for a normal 8-hour workday and a
40-hour workweek, to which nearly ali 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.

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

VOCs Volatile organic compounds

XLM, XLO, The m, o, and p isomers of xylene
and XLP
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Material Safety Data Sheets

Benzene MSDS #Genium/316

Carbon Tetrachloride (CHCI4) MSDS #Geniurn/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 #Geniurn/467

Perchloroethylene (PCE) MSDS #Genium/313

Trichloroethylene (TCE) MSDS #Genium/312

Toluene MSDS #Genium/317

Tritium

Xylene MSDS #Genium/318
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Oenium Publishinl Corporation Product: BENZENE
1145 Catalyn Street, ScSenectady, NY 12303

_ _ , (518) 377-8854 MSDS No: Genium / 316
_rom Genius s collection, to be used as reference Revision: D

Dite: April, 1988

. ..... p #

' HEALTH HAZARD : 2 - Moderate 'National Paint ,
and Coatings +................ + +
Association ,' ?LAMMABILITYHAZARD : 3 - Serious '

+ ......................... . ................. +
Hazardous Material ,' REACTIVITY HAZARD : 0 - Minimal ,'

Identification +............... +...................
System ,' PERSONAL PROTECTION : SEE SECTION 8 ,'

,,m,mnmmm am,,,Jm,Di _,

SECTION I MATERIAL IDENTIFICATION! • !

Trade/Material Name: BENZENE

Description: Used in the manufacture of medicinal chemicals, d_es, linoleum, airplan.e
dopes, varnishes, and lacquers; and as a solvent', rdf waxes, resins, ana
0118.

Other Designations: Benzol; Phene; Phenylhydride; CiHs; NIOSH RTECS No. CY14OO000

CA,q: 0071-43-2

R 1
I 4
S2
Z 4

Manufacturer: Contact your Supplier or distributor. Consult the latest edition of the
Chemica_week Buyer_' Guide (Genius ref. 73) for a list of suppliers.

-+
SECTION II INGREDIENTS AND HAZARDS 'I ' I

mm
mmm m.mmm, _ mm .m mD,m m m. mlmm mJ mma, lm mmmmlm_ma mm m mlmmm mm am mm mmm.,m mm mm,mmm _ m mP am mm ,m m .m m m m m _ _ o +

Ingredient Name: CAB Number: , Percent: IL_posure Limits:

Benzene 0071-43-2 Ca 100 OSHA l_L
8-Ht TWA: 1 pp_ .15-Mln Ceiling.
_qJ_fh

_in Level: 0.5 Dpa
ACGIH TLV. 1987-88

.. ,. TLV-'_A: I0 pps, 30
mS/m--
xoxicity Data*
Human, Inhalation,
LCLo: 2000 ppm/5
Min
Human, Oral, TDLo :
130 mk/k_
Human,_ !ihalat ion,
TCLo: 210 ppn

Pnge 1 --- INGREDIENTS AND HAZARDScontinues on pa4e 2 --- Page 1



Naterial Safety Data Sheet

Genius Publishing Corporation Product: BENZENE
1145 Catalyn Street Sclienectady, NY 12303

(5181 377-8854 NSDS No: Genius / 316
From Genium's collection, to be used as reference Bevtsion: D

Date: April, 1988

_um.smmmmm_mo_ me i _.

' INGREDIENTS AND HAZARDS continued from page I 'i l

* See NIOSH, _, for additional data with references to irritative, mutagenic,
tumorigenic, _---'d--reproductive effects.

' SECTION III PHYSICAL DATA '! *

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

vBoiling point: 176°F (80°C) )Specific gravity (HzO=l): 0.87865 ataDor pressure: 75 Torrs at 68OF (20oc 68OF (20oc)
Water solubility (I_):Slight Nelting p@int: 42oF (5.5°C)

Vapor density (atr=l): >I Z volatile by volume: 100
Molecular weight: 78 Graas/Nole

4
' SECTION IV. FIRE AND EXPLOSION DATA 't i

Fluh Point (Nthod): 12oF (-II.10C) (CC)LinLts: LEL Z: 1.3 UEL I_:7.1;

NFPA Fire Hazard Symbol Codes: Flammability: 3 Health: 2 hactivity: 0 Special"

Extinguishing Media" Use dr, chemical, foam, or carbon Autoi92enF9°it( c)i498oeaOnT 1,:dioxide to put out benzene tires. Water say be ineffective
as an extinguishing agent because Lt can scatter and spread
the fire. Use water to cc_l fire-exposed containers, flushspills away from_exposures, disperse benzene vapor_and
protect personnel attemptint to stop an unignited benzene
leak.

Unusual.fire or explosion hazards: Benzene vap@r 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 fluhback to the original liquid benzene.

Danger: Explos_ive and _smahle benzene vapor-air mixtures can easily form at room
temperature i al_ mm thl_ material in a way that minimizes dispersion of its vapor

zn_o genera_ worlt _. , "' .
Special flre-f_ proced_m. Wear a self-contained breathing apparatus (SCBA)

•_.-. with a full facepiece operated in _he
" "_ "' pressure-demand or positive-pressure node.
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ILaterial Safety Data Sheet

Genium Publishing Corporation Product: BENZENE
1145 Catalyn Street. Schenectady, NY 12303

. , (518) 377-8854 NBD8 No: Genium / 316From _enium s collection, to be used as reference Revision: D
Date: April, 1988

f !

.... SECTION V. REACTIVITY DATA

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 Genius reference 84: bromine pentafluoride,
chlorine, chlorine trifluoridel.chromic.anhydridpa nitryl perchlorste, oxygen, ozone,
perchlorates_ perchloryl zxuorzae ana aluminum cq_orioe, permanganates and sulfuric
acid, potasszum 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 oensene fires.

' SECTION VI HEALTH HAZARD INFORMATION '¢ • I

4

This product is considereda suspected human carcinogen by ACGIH.

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 co_lapse, oroncnitis, ana pneuaonza. _ne mos_ imporcan_ nealth
hazards are cancer (leukemia), bone marrow efYects, and Injuries to the blood-forming
tissue from chronic low-level exposure.

Nedical conditions which may be a4Zgravated by contact:Ailments of heart, lungs,
l_ver_ kidneys,.blood,.and.central.nervous system (CNS) may be worsened by exposure.
Aamznzs_er preplacement ana perzoazc meazcax exLms empna_mizing these organs'
functions and reassign workers who test positive.

Target organs: Blood, CNS, skin, bone marrow, eyes, and upper respiratory tract (URT).

Primary entry route(z): Skin contact, inhalation.

Acute effects: Dizziness, mental dullness, nausea, headache, fatigue, and giddiness.

Chronic effect(s): Possible cancer (leukemia).

First aid:

Eye cont_z Ism_diately flush eyes, including under the eyelidsL
• _mt]J_ but thoroughly with plenty of running water for

at least 15 minutes.

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

Page 3 --- HEALTHHAZARD IHFORNATIONcontinues on page 4 --- Page 31
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Genium Publishind Corporation Product: BENZENE
1145 Catalyn Street, ScIienec_ady, NY 12303

, (518) 377-8854 HSI_ Ho: Geniuo / 316From uenium s collection, to be used as reference Revision: D
Date: April, 1988

_mmQ_

' HEALTH HAZARD INFORMATION continued from page 3 '

Inhalation: Remove the exposed person 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 convulsing. Do not induce vomiting
because or the possibility of aspiration.

GET MEDICAL HELP (IN PLANT. PARAMEDIC, (XMMUNITY) FOR ALL EXFOSURES. Seek _rompt .
medical assistance for further treatment, observation, ana support after flrs_ aim.

' SECTION Vll SPILL, LEAK AND DISPOSAL PROCEDURES '! * I

SDill / Leak procedures: Motify safety personnel, provide ventilation, and eliminate
all sources or ignition immediately. Cleanup personnel need protection against
contact with and inhalation of vapor (see sec_. 8). Contain large spills and collect

materwaste or absorb it with an inert ial such as sand, earth, or vermiculite. Umm
nonsparking tools to piace vute liquid or absorbent into closable containers for
disposal. Keep wute out of sewers, watersheds, and waterways.

Wute management / Dimpomtl: Contact your supplier or a licensed contractor for
detailed recommendations. Follow Federal, state, and
local regulations.

OSHA DesiEnations
Air Contaminant (29 CFR 1910.1000 Subpart Z)

EPA Designations (40 CFB 302.4)
RCRAHazardous Waste, Ho. UO19
CERCLA Hazardous Substance, Reportable Quantity: I000 Ibm (454 k4[)

+ -+

' SECTIOH VIII SPECIAL PROTECTION INFORMATION 'I • I

. ..... .

Personal protective mlui_t:

Goggles: Alwmm _ pro41ective eyeglasses or chemical safety goffles. Where
sp_ ts po_iblej wear a full face shield. Follow _6e eye- and
fkm-_eo_DctLon guidelines in 29 CFR 1910.133.

Respirator: Veu'a.|IOB__rovedrespirator per the _IOSH pocket Quide to
for _ne maximum-use concentrations and/or the

----_cltodexp@Ba_ in section 2. Follow the respirator guidelines
in 29 CFR 1910.134. For emergency or nonroutine use (e.g.. cleaning
reactor vessels or storage tanks), wear an SCBA with a full facepiece
operated in the pressure-demand or positive-pressure mode.

Warning: Air-purifying respirators will R_ protect workers in
_xygen-deficient atmospheres.

Page 4 --- SPECIAL PROTEC_IOH IH_TIOH continues on pa_e 5 --- Page 4
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Genies PublishinK Corporation Product: BENZENE
1145 Catalyn Street, Sc_enec_:ady, NY 12303

, (518) 377-8854 NSD8 No: Genius / 316
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_omDowmm

' SPECIAL PROTECTION INFORMATIONcontinued from page 4 'I !

. .......... .

Other: Wear impervious gloves, boots I aprons, gauntlet.sj etc., to prevent any
possibility of skin contact wlth this suspected human carcinogen.

Workplace considerations:

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

Safety stations:
Nake eyewash stations, washing facilities, and safety showers
available in use and handling areas.

Contaminatt J equipment:
Contact lenses pose a special hazard; soft lenses may absorb irritants,
and ali lenses concentrate thee. Do 0_ vesr contact lenses in any
woPk area. Remove contaminated clothing and launder it before wearing
it again; clean this material from sho_s and equipment.

PractiCeog-°°d'pers°na'lffo - "h_Jiene; .alwa_s wash tho,r_ulhly after using this sater_al.[ransferring it from your hands to
Keep it w" 1"y°ur'cl°l;nl'nrgn_la eqoUlpsen_inAV°_ "your mouth nile eating, d I "ng, smo " g ll_ eat, drink, or smoke in any
,_ork area. Do not inhale b_ene vapor!

SECTION IX. SPECIAL PRECAUTIONS 'i !

...... .

_torage segregation: Store benzene in a cool, dry, well-ventilated area away from
sources of ignition and incompatible chemicals.

SI_ial handling / storage: Protect containers from physical damage. Electrically
ground and bond all nets1 containers used in shipping or
_ransferring operations. Pollow all parts of 29 CFR
1910.1028.

Engineering controls: Ali engineering systeu (production, transportation, etc.) mu.st
be'of Bxisun explosion-prooz aesiga (nonsparking, electrzca_Ly
Ipeounded and bonaed, etc. ).

If _ssible. nbotttute less toxic solvents for benzene; use this material with
extreme c_ution mnClonly if lt is absolutely essential.

Transportation Data (49 CI_ 172.101-2)
: DOT Shipvin_ Name: Benzene

DOT Labbl:Fl:Mable Liquid
IMO Label: Flmable Liquid
IMO Class: 3.2

DOT Class: Flammable Liquid UI; Bellster: UNIII4
Data source code(s): 1, 2, 12, 73, 84-94, 100, I03.
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Genius Publishing Corporation Product: BENZENE
1145 Catalyn Street, Schenectady, _IY 12303

, (518) 377-8854 N,gDS Ilo: Genius / 316Frog Genius s collection, to be used as reference Revision: D
Date: April, 1988

_Q_ mu

' SPECIAL PRECAUTIONS continued fros page 5 '! !

Prepared/revised )y: Genius Publishing Corporation

April, 1988

Judgesents as tothe .suitability of information herein for purchaser's purposes are
necessarizy purchaser's responsibility. Therefore, although reasonable care hu been
_axen In the preparation of such information, Genium Publishing Corvoration extends
no warran_zes, .mu.es no representations and usumes no responsibility as to the
accuracy or suitaolzity SZ Such information for application to purchaser's intended
purposes or for the consequences of its use.

Page 6 --- End of NSDS 316 --- Page 6



Material Safety Data Sheet

" . .. , _--,"t_"a:1'., _..' !.:.-i_:.:__.m':_ _..j.:Lsrt_nc_ !..-.l-_:'i:_-_l--_ .... F:'r'c::1:_l._t: _",T:(7 '.'_"'T:,:_"_
• ' "_" " _ . i ._ Z_.L_'.

:'?..:J.E_-., .-., .,--,::_x,_'-. I'%-'DS No: Ez-_,__u-_ " :a1f_
!:.:-:..-.C. (-',....:.. ........ .: :;=,-_'ir',", ..... {:-,:..-, ;::-_'.'-Ci_-_"="_-E,-i:_r-'.e_.,,'_-E.., ReViSit" ;:.:,, .............. r, ;..t.., ,. •

Date: ""....... '......... ""-"".;._.:__t-:._T;,_.or_...r. .: T'.7..._...

,"'tL'_"-' 1..... -_,.! T r.'""T " -,'r J TT'C_'"p l'Vv;'" r,".,'._-T r_ #. ........................ H, T-3_.._PL _,L_r.:_'..... "....._-_,• ,_,..,

?P.-'.:'.'"2,: ........... _._..,b.Trade/Mat.er'i a I N_T_: , _-, -, r.., TI-2",_::;':';__ r_:;'"""

•" ......... :. i........ I-, .... l-- "1 ,.;: '.. .::..':_:" - :h.. _, ...........Ot,her- D_s*_ignatior, s: r:--.t.,-a.::;, .:-:. :..-=....._ ,=,, ,-_,,.c, _,.,_r.GetP_-_e, r<__*_..... -'.--.!......... _...............
57.__<5,0_

CAS: <;?;P ¢'..."................"'-:

..._..'-:,".L._.': .: ............._,:., ._,..-.--.uc,pl .",.er_-., Zi-,c 1L,dzr, g :

bla_u_acturer: .....t:-.,,.Jeq '-.... " - - _- _ '-- + _.,-.: " . -...:..-.. ...--,.-. ;:: ,.;; - -- ...... • .. -

, "', i --_ .- -I,.-.? ?_..' ....b_4Z.'.-%l

.! ............................................................................ - ........................................ r"

, .-,.... _-.",,, _r I,_..._:_.I:J:_IE_FS_.U) .HAZ;_

Ingredient Name: Percent: Exposure Limits:

' ....... _ .... , "- ......... ;"',_-',dE C_ I_ "'_ _ .... " " "

m_-- _._ ,T,t:3/m_:

,_"IL_T_J":, r- .... ___" ,._

"_dIc:, 4:2, _,.a.,"_::_
i'_...:.rf;_:;', _ i F.'h_'.--_! J".t .'..'.:.;,
LC/_o i_.'13_Z,Z_"
!CL.: 213 mpm :C:"!!._
I .- --4- ...... a

• ,_...,_!,-"r",..---,v'i,_A.,'_' ........ _,-_-._.
,z_d-,cer- ,_-0 l'-'._"it..! L,.2" ,..

-_:_d_ll-,c..

+-.,-_ .... ,.'-.-,._ "" .... _--_ C'I--.,- ---- , ,.--4- .4_-_--_ : i:':; ..., _.._..!.,:..,.:' .; ......... ._:.:..... ._ ;_ .... ,: ,t_,,._ ..... _=_:g_=- ......=.__. C__ 8-ht ,_ i5 I_ .U._T,. _.,r,-,=L, y_._= - ....................
r'_.-.h_- _-_:: ._..: _ -. ,, "-'T .... "rr'_._.. n-;c,,, A_'_FI _d t_._,.... recommend lateli.mg _=-=a suBF_c_t_=dh_,manv.. , vv, . ,...,

.. ._l.._r, ,.-_.:'._,'_,-r_,+_ :, !-_ '+_cacr_-Z_--,.::G,:_',. (Skin" notatim indicatE_ absorption th_-,:,Jgh the = ..i ...................
• _ q

..J
4 ............................................

'. "" _ T,"- 1 r h"_Tt'_'%', _-(.T,".Zr-, I II. Ft-,, = I,..AL E_]'A
H .................

,__or-le_m lic!u.idwith, a ch_racteristL: ....._-'" "--v_:_'_,_.-l=., ! ."_-_"-""
Appearance & Odor: ,- c/e_r-, --_ ...........'1 _ ..

........ - , _ ....... _1 E'.E.--.I .=..... '. f",:,.!o_-- :'.-,".-,'. t.1_,_r, t!-,_.hoId I_.._...': .-._ t__t pane_,): 21 4 PFr, in ,._r ;._,_-___i-,............ '_
LT._...:: ".._._:::,'.j_.... 'r-., -:-.z,- _h_r, pre;>__.rFd _r-C_T,,.r.__.(Idor _.'.v not be c,bje, zti,:-_qable _t

_

• . ......... / • .
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Material Safety Data Sheet

C__-_nic_nF_blishin__ _;"z_ratic_,_. Pr_u_t: _^-_"_'-°_.r_.-,,.'_-_,..,,'v-'_...,. ,........,.-_.,_y,?,,...,..
.: .__. _..-..._._,.vr,Street, ScFenectady, NY _"-_-._.-__ _,

•.518) "--'-" - _ NO: C_-_'iik',:T'./ _r,_' .-,:,'-,__=C_ --.
_-::_T,t_,-r',i-_,,- coll_.-ticr,,,t_ _:- _=_e..e.._referenre Revision: A

Date • '= -::.=,_-,....

4- ..........................................................

, r-__l_ pe-. T r%-_ f 7% ", -- ..% "'

._ .... i ,%.-,-''.,':-"_ .....Boiling point: • atm: " "'-"C Specific Gravity (H=O=I): ........ ' .....
Vapor pressure: aa 91 @ ___Z_.2,_,'r,_k:. Melting point: _._,-_o:.

Water solubility (%): _._9_,,_E_rC .. wt "',..- % volatile by volu_e: :--,'_:
Vapor density (air=l) : ....... Molecular weight: .:..........,,

, ...............................................................

• _CT!,C_._IV. FI.&E A'E-.,EXF-t(]SIC;LZ,_.cC-

Extinguishing Media: lt is nC_,_'_,.T>-_._ie.-'...i_..._-_-._,__......._',_',_.-:_'"L_:Lazz,r-,Dri_=t--:,- _:-"
...... ' ........ ,,-.i 4i r_---_.:_i-,-.".=.'_I-_jrr_r_._ndkng fi;-e. I lr._;_w__-tel- -5.Bl_:v :.... .........................

c_ntainer_.

Special fire-fighting procedures: Fireflghters _,___=.t_.-:.-__,-_e] .;--.ccx-:ta.._.n_.3b__=_.thirx}
,_....,.=,...,..,.v_geBt- _._-':C._J _:.L,=._=

involving this _ter.'.:.._....

l,;u. . • ._ _c-._,.involved in a fire situaticr,, this material will eT,i_ hiahly toxic and
ir-rit_tir,g fu_nes ar,d gases. Metals.. such as alu_T,inu_T_aY,d rr_gnesiu_T,,c_am react
vic!_=r,t!,.,with carzEr, tetrachloride wl-_-,l-6t or burr,ina.

'. SECTION V.._._IVI]-Y S_TA

Materi_1 is. stable u_,der normal condition=- of _ndling ec,d use. Hazar-dc,_:._=
F_c_ly_erizaticr_cannot OCCL_r

_ical inccxT_atibilities: Violent r-eactions or e'..'.p!c.._-.li_,,__,c_'-_,_-,_-,_--.tr_,_.[th
z.-,.-a_,Ee.ti_'=r,%aterial=: such as _at-iu_, .ithiL_T,, __iLLrA Grid _.nc,tassi'...:m.....
p-_J_er_ _=.IL_.inu_n,_C_Oh_iLi/T!,dimethyl formamide farore. __.':-_;,_',Zl.,ori-,=,........ e.t__• :''---_'"'_.....

. .>_-,,u_ of kb.--akd,_s Ckemical Reactions" '

Haza_ c_cm;x_iti_n Pre:k/rts: T._ermal-o,.._=,.._l,ed-_cc,r,F_i__!t.i.-_-_wil D;.'co-:-et_::-..u,
corrc_ive fL_T_"_., i_.clLtdingp.hc.__.Qec;e._,::c_xdr-_e-.
ch!cride.

I SECT ION VI. I-F_D_TH .w_Z_qD INF_T I,._< ',
4 .............

_1,_ar%/ of _'i_ks: Carb_r, tetrachloride is highly to;.,ic__r:d-r-ritatir,g bv ir,h_iatic_c+
-_=,_ingE_tlon (_een let,hal Oose is 5r-18 ml). lt is toxic by' skin at__crpti_n.
E:.:r-_-_Slvee'<rrJsure_x" result it,C_I_,depre__sion and/or gaszrmi-,t____-ti_,_._-:ym_.,,_-,-_-_
"- "- l.r'-it_tinQ tc, Ski-..=,r-,._e,/___. Eye cc_tact or sv=t_T,/,'..- eC4._-t_ ..--.;,r,produce ',,,i.Ex_te].
d',_=_t.,v-b_,ces_,_ =. _''_r,_spot.=_ r,arrc_ing of -_,._, 4-:='- -"• -.z- _,_ , _........... ,-T::'.),, ','_-'.ki-.-.-_,ta::t-....:..r;
.?.aL_._de,_attknc2 e_nd der?etitis.

Mute effec:_: _:idr, e.,' and l._ver- damage caP, ___.CL_rfrm sev.:..,,;, a,-:,.,te c,_ ,-t,_,.,._,:
e;.'p_,re. It Is a suszteO carcinc_s, :.l-, h,L_TC,r',E.
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- ......................................................................................................................................................................................................

• ',-F';_ T:-I .'-¢7:."::'_L r:,_:::-.,qt"Y__'_ '*d .- '.,-".--'.-,.,.:-:;', -:._.-.-.?-v..-.,-=..

First aid:
,

....... '-, !,_ .,.:>.;._._: i,..lEye contact: ;-_'u<=..hJ. ,2"./E_. __._.:-..,_,:"" ,r-,r;._.r-,c; _,.,.:,t.C:,r" _:.,_,...... _ __:=n.,iF, Li.t_E., "..... " ........
........ " -----I L .... " .....

L_i-iL_J.1 _" 4"-,..,....R-f """"_:;..............._.;..:_..: -_=_.!2 iwy,.;].....,7_ . ' _'.'t]._ .':_+ _I-F-.:.'T._',_'..'.; ,['4""_

Skin contact: -:-.-_Tc;.vec.:qtamtr_aLecJ c.. _, .......',:] _:,i.".:_.Dt- ,' ..... .-.:::::..:.:.:.:.::......=,_-,,
--, . 4 ,- ...................... ,_;t .. ::.q - ...... _ :,:'' "=,.:._.., _ W2.'_'t- .:::;-;;at'; :_;'-,,-" ' " _...... _-_:'_" ._...:.'.--C:,{, ]. :_..':'-.;).'2::,

."/=,r'6"'-_,t'_-<J :',r'" (_,.'.'./_.. ,---':':':-_'-r u:" iF';.'"::.

Inhalation. '' ......... ,', .... , :a; _- ,-:.,_=:::.:::.r_ ,_nu, ,-.,r':.Lz',}g_J_'L_' _"_-'_ .C _..;:_,: ,--.. r" ........... 4 _ .- _ _-I-.'

_'-_".,,--' qLl_ I _ 4:; .-ali _F'r'E.c#'i -"_...... _ -+ -
medical V_Ip.

.3hd advice Z.-i. -',--,*' r-=._c,i. ]i,., .-.:_,,,ai'-.......... :_ble., give _,_-._ter tc,
dcink 6_,d in,:f.L_.--,_vc:r, zt:._.r:q, )

*A I K ,: a:.-d.J.,- ."_r-rm¢thin.ras.

.Vd..-CTlr._q'.vii .-...... ,..... _;,_-. qr__=_=:-, F_'.L_A_ _-£'_. mc !_._._, _-j___2_r..,...,. _ a_. ;_kv__ ...........
.......................

S_i 11 / teak procedures: ._-,__ " • _=,_,. = ..........__T, __.=.. cer_-s_neI wtr-, larqe -r:i_I_ _,-=L,_-.4 .......... ,, _.... "," Cd'.,-- ,.. ".: '.._:

:, ,".-_--_.. !:"r'r', ..,'_.,.. =._. ,TS.,::.,..L__,e

..........-:_::_,_t _,-q',-:c*........ ._._r,di.r, be.latic_-_ 'c.-_.... %'_.::t. ,..,,.["r >........ Ccr, t._..tn spill" Dick L_ liCLtid-_,-,:-
':_:,--=-a! ".M_al_ ,:.r,_ ._1-. ar,d... re_=idu,_=__-c.s._ _._ -,.t:_rte_J ,_-, D,_cer .:.,.ermic_lite =>=__........._.,,..
._.1].-_ t,.--.:Y-,,'_:,._,,'-9.te im _m.._fXJ. P'rq.,'¢rs_stF__Ig'a__ r,# CCl_ to SttrZaCE- _t__r ,_F _-.._,,__r=..,,
:Spill':-(T.,r-.jl--.-ha¢_E._=iF 24 .hO_:_%-,T _ lh .-,c_=_,t-e(F.,r,.-.:,po-=_dZ_D._i.=.I_Z_D lh) ,m::.:.:-ti'>_..'.
"_'T_C."-"-_,_ tO L_..":.. C_r'.,_erTh,T.__.qt.

Waste _na_emmmt / Dir_=al- ,_-.:;-/.der_=___ove_.-"Vand ;-._.__._e,i4 fea=ib!-_-..Scrap m._,,!T',r-
" -- . _ _. " .- - " .....: ........ 4---_- " ----_ _- ...... ; 4- ..... _--- .4_ .......

::_,..'I",i_,_ 1V_ appro'.__, ,_igh tT__T_F_!'-_-,tL_r_= Z:,,..z;,¢-.._.....,_,, Wlth ._-.<_:n__ube_-t ;_,._ _.. ,rc=y ,.._., ,..,._-..:.._-6.:_..:+....
of As bezardou= waste (EPA nu_:be_rL_!I :-,rP_',I as a s_e,t d_greasinn ___Ivent '_¢-:der-
lqf%_',;. Fol l_m_ Fc-deral, State __r;d t.cc__l ,.-c-._.-]-,t.ic:r,s.

4 _1--_-_D..,r ,_,._,_,t .e C,L:ar.ti tv

, - - ,-c--.-n=.-,_--.-_, I l',FO!9.1'1_T! Ct4-_CT I_4 Vi T,_. "_-'E1:ECI#£. =_.................
....................... ;

Personal protective equipment:

C_x2gles: _at- sa_et,,.' g,_-,ggl_=c=e_,d,/or face _hield f,::'" _v: .pr;-tect'_,-c,.

Gloves: F'-..'P,_r- n,=cp;-e_e_ic,v__s__=r,er.ed=,E,dt_ prevent skin cmr,t..ac+_.
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f!_._rJiL_; F__:_.'" --' .. :L:,r:c, rat_' _r :_'_£P_..e'. E _:--Y__!-L;:P_.u#-. _,.:.nlr,,_ F'rodLEt: "" -"' ............. - .....
- - - ..i...4...... _.., i .

"-!.'.-:" .....""..."-_-_.,.-"..... _ l',Ic:):_A--_-t...::','".::-;.

Date: T.'._T_,_'r,_:0--:.", ':':, :

-F _', ';::_:<;"P,P..;7iZ;.;';.........." .",_ .-..--..- .?..-.-,.--.,:-,

.. - ..T- , : •

Respirator" :_._e-.-,-. _..-.v .. ::.:_-.-.::;:_._" "..-..,::r:, .--.: ...:,.-,:'.,.,:---,... _._ •
'i:9,._-.-:Z :...:::-",--.'i::i;:....:--.';::L"-",;T,;.,

Other: -"-.-........:;= : :.-I., ........... ,+.....,;. ...
-,_- -_ - J - ' - ; . _. • ._, L .....,_...._......" ,. • -.="-:, - _i.,..":,.-. .... . .:",.'.:.:!-.". :.-::-C_.IE:T.r_'.-T:I'_,':-'..-...- ,._

q'-,'r?: " ": .'-; . " • "-i '-_" ::." .'":: _-'- "', " - .._ .... _ , _,_,-r.-:'_C" /',7-__.._'" .

"P-t'-=.-n..'.... - ':"- -"::'.,-" ,.';:'--:-_<;...., " -4 , ""..':"-'""':.C.__.,-:e"_ '.':".F"'..", ,..:';
• .. , . 'I .....i,_'_'_':- , , .",r_:;",_Ac.-_ . '--.,"..' .'.',;'_.,-,.',-,-:

Workplace c_nsiderati_ns:

Venti lati_n: _-....• ......

Safety stations:
_ _,,-_-';.:.'_-_--'-'-'._t...........:."_",_",_ .-':7._.._.,C"-.-,[ =.;-,_--.'_V -'F<_..._'.r""_i],-_,.'!C,C'.E:._ :-e_.,;2,-_ /, -

_CCE<:=-_L _:'i .__.

, -'-.-.- -_- . ,'e ,-"..., ,-_:_, :,. ".-_*T_z!£-_:." -. '-._./E4"_- .-- _ ... ;.- .....

4- .........................................................

.,.i. . . .:__c!", :-:L,S-£!3'_..r7Jr2-1:-_-.
•4 ................................................ ;

Stmrage segregati_: -t::;--=_,-..- ,_-lc_ed, -.-p*:,:, r,--.:--- lr; ._ _---,'_,_.-..._. , , ..__=_1--_til_t_=d,.. l_r_
-Zt'£ J- ,';.E._. _rezt., [z'f-;f;_G..-_- .-_S_-.E__'l;-,E.cE. _.--__-.ir, L._ ,.'_;C.-_." .S._j!_:G__. _::.eeC, __.u4a/.} fr,_'q_T_=_c_lrcE, E
o# h_at. dlr_:t _r, ll_ht. _'-,_ ir,cc_Dg_.tibi=_u_.-.er'zai_(.--__-__t, V). F'f-ev__-.te;_Dc_:_..,.rE.:
,-.4 ,&r,.Dr'E- _ ,- ._c h;gt-, t_..r, gs:-__t:tre to _rg,,'er, t c!,::.::::,-(_c_± ._--[i.... I tC _'"'-rj_.;. _;_-I.:J CCJI'._-_/",'_ " _E_S_2_.
Ec.-'_ ._=,_"_,--. Nc:..,G'TC_;Z.,".._,:_...._rea._ _Mhet-e v.,s,.,-.,-,r-.srtr_=,..,,._ pre-_,E._.,t,

Other precautions: Pre.:_-, _ c,-,--,far t wl9t t_e_ sl::-, o'" e.,e_:. -_u,_d e::__:_j_,re to vacct-S.
u_ ,_:c.-, _r.=_,-,alhy'_l_,E. :-_'-_14 tO':'.[_-:lt, -9. _tk_i : i_,,::r-E,a-__J bf tH_- E/r, erQ:Etic
=-_:#_=cts.%# alcoVE! Wr_-, ........... _• ..L'-- =_,, E' =-L,___ , " *' '_-'"-, ........-=_a IEa.- ,_._:ar-__.__usE<_!ver, t _c,r 8[:14.

T:,3_ - l ; =_s;-_i,:e, ti_r, -- :J:._, -A

..... " " -- - - : --':- 6"" [jData source co_e(s ) : . .'. , _ _ , ' , _. , . ,
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Material Safety Data Sheet

,:,..4:,,',.',,r,_.:I.:_i.i=_,.u..........._............2.,..,r Prcx:l_ct: Ct-I..CE_.fZfrCJq_1
I _ '• "_..... I. ,-..,._7......... _..... a. I..i".," "_"Y':','?."'7
._.t-';:;":'..."._"_-'-.:':'',.....',! .-,,..t__._:., ._......_ t,--,..,...-_.'._:y • ,_., ._.L..-,i_.'-_,

: 5 l '::_' _:"--7._,::_7.:..'-,:c I_DS No : r¢-,-,-,, ,,'r, ," 73.1.5.. , , ., .. >.. • .; ...........

":,r,...,_. !i,-#'_..........,._,., ..: ,......., ' ,:.-.<-_,-.,v-, _........l",:-_ .'=L-.,._ :-.z- v',='Fr""tZ4-,';'(= R_visic/n : .,_:
..-.,<.>.-5_Date: Ar.:,_.-Z], ''-'"

............................................................................................."I..............................................................i"

_. __..... . .'._..:.:. :-_,i_Y_!!_..l r.,-._.z.._._.r._', -" .... i,":-"::I_.31".=,4;._ ,
:',:"...'_;--"..";.i._..7".-.,!:.........................................................................'.......................................i.
:¢-.!_,::::::.",:'::."L':::,F :",,.",'...,,t.y,.-..Td',"_".,"'.-._21";'.r2_.'7.]_:', i.Zi...._,'i.:,./, ,-, '. _"'..._,.,....... _ ,.,_, £rG'S,.

.............. " .., ,,._,, .,r,,, !-iqz,r:_:D,,,Ti .
" i_jm-..._!.._ ,,.-. !.._.-. ;-o"4-........_ . ,, . ............................................................................... -a,............................................... _.,

................ ,,!,,l,.• r',f_;.,[-f'i-I!'..i_"F"rr" ,....:-..-_','i ........._......"_....... II,I, '" :::._:.,; .,.Ci','<,_ ,
........................................................................I..................................................."i'"

.;...........................................................................................................................................................

' '_:;E;.-."..[:/.' ' ' .....!:_::_/:EF;r'''t ...........TC4:i'.£FIF[._..,-_]_"-"'-,.<-!'.,,' '
"i ............................................................................................................................................................................................................

Tradel_terial _-_: -_t..",.,, ',-_::.. .,. "-

.............,.... t_F, ' .............i_.al.........=, +.,'a::.:e-,and re_._:,-.-.:

.... n F _'-_''_ t '-?'S '_?i':" _'"_

C_: "-_ '> "" "

a-,
f'k i

I :5
\'. 2
'" '_3

• , ,- _.,. .+:, _E_Z.t .,, ......... __)T['}':,.F'i.'.tf:-v.'Z..'Z..'...tt-Gi,:'"_(]'-'._ L._=:....... (L_..;.i" 'EL,.E.:i.2J.i.{E't :L>I''"CJiEZP.LZLItC',r C2:,i'-iEt.tl ,_ ,... _.' ed.it±_.-,F- - ' _','r,--
,":i"_n_,--,;t,_,_=; i.-_,,.'_-:"-' !.-i_.-;'.::. "('71_..'--;',',.....t7-," ;:.-.':"i: - '-'-"7)/.. 4mt- 3. ;!.j._'£.t O4" -='-,LtpD]._._r"_..• _ ;...-_i.'.'.;:. ,.;L._.,A :,, -_" .., ".:".. -.

-t ..................................................................................... - .... :

,.._-.,...._ ,_ ..., ,.-_.:,t_,_,|-.,_z., .::,.-,._,.'.'Jl_r.,.[I'.I3:,EF;IF?4T'SAI,D ,,-,,,-,,-._,
,..

r"

Ingredient Name: C/_S _ber: F_rcent: Ex_t_ Limits:

',-h i,-_,r-_,::,-:,rn-. _F_,;'--,'--.S--7, ',C= 1_ ,__-=_F_.
Ce: iing : 5_ _EqT,, Z'_L"I
ITI'_/,q'l_-
,'-42'G.__IHTLV, .!_-:,7.'-8.S.

11"'_

!LV-._AA: 10 _,EITi,.-J.:.,
__, ;'_,•" .r'

_..IIC_E'4-1,q,r-q
i-j-7;j. 1J.n@ : 2 p_n, '"' -"• , ,."

n'i'=l; ,.'n
T_).'ici'i-vData*
i-tt.l.trl_-_._ Ora 1 i '-' ", . q --,' -_ ....'1) •

'.-_3 ;r,g/kg

-. _ . .
_, F".. I.'=_ _. .............. '--'9"' ' --" - • - •.-_._: t..'].'([c-i_.-. F; ]_-_;: : ,. ,,-_._:_,i,..,_. :," ,", .... _;-,_.: i .- i _ d..-_ta w_trn rei:er-..er_.:z._Btr', _,p _a_c-_.ic

:"c,F,r__3L'..ct , ,/_.. -_--,.;-...D_ ;-r'i "cat 2..,e :._.-.__-__'_"ts.
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Material Safety Data Sheet

,._-_J iL.67, FL,h _,!_r'_ir'_.._.."];-,CCr',i--.-__._ . ........ t" IC.,m F'r'CXJLEt: "-'_,-__.....-''c;'-L-/-_'_"..,..,.., .., ,
1/"=".... .::.,j ,...<.-_._ ................... __.,.- ..., . ,_. I. _..__.,,!., r__. ;i_.-_.._",-"_i'yT-, r........... _. .--_,._._-,;._--._....... _,r,,...... .";v .-"

; _-_F-),> "-: .... "__":' _ _: GL_-_lU..m ,'....... :.........'.'.:-:".... .'515,

Date: A,___-i , _-_:-,-'

I ..........................................................................................................................................................................................................................

........... ,..... , ,... ! .,_.... ,,.. , _::_

. '_.-_,.'- . .'Z.T.',.TZi"_E.:!-E, -" _,"-=.'",_- _'.T::i :.,_..; '_:._ _ _ _ .... 1 • ......Appearance & Odor: ::, ....... ; ' ...... bc,r:rt_--r.i .-_.... I._-.,.,. , C . ........ =. ,. i:-
<".;.Z:,'.+_-i_,.:_... ..T...:.',i-.:.'..-.'F,..' _ _--_..I,,:Z.Z,{L,-_!,-*- :E':..C.Z_"',J t...:_DF_ %hr_-.-...,%:.':!CI : _;,Z"', rr_),.L"r'-" "
......... .. _.-..- .L _";::i."$:":',.-';' ,., ._.;". _ -.:_

Boiling point: ;..1-:,::., .:-...;'...t. S_emifZc gravity (H:;O=I) : .. ,.-:.,::....... -:.'::
' ,' '.'-..,_::_:" .'. C%:_..:" ' ",_- ,'"Vapor pressure: .,T?;-;' "--.....• , , _... .... .. -[ _ ,' _...... _ ,,_., _ . ....:...

...""r:.',._"'... Melting point: --q2_. ....-:"_:
Water solubility (%): c"._.'f:2.2,-!, ,--.:- f-_.?_:l-_ ct..' ,:-_:TZ7.'"-:c,

• - _ L.. _._t'#_.." --. ,:.',Z,',?.,'/:, '.-', ............ ....... % volatile by volume: 10-r,,
.7_'P(" Molecular weight" I"-' '.'--• _.-., ..',, ,=:,iTr:'.,i < .:.

Vapor denmity (air=l) : -:;, i "

-i........................................................................................................................................................ .i".........................

', ':'_.'""r"F)',:_.:._.: .r,,.....F T_;:" ""':" v -_...... ,.... .. .,._:-_,!,_..E,,F...Lc::,_.::.]_'.ILAT{'.
., .............................................r ................................................................................................................................................. __

Flash Point (method): , Limits: LEL %: _ UEL %:

NFPA Fire Hazard Symbol Codes: Flammability: 0 Health: 2 Reactivity: _ Special:

Extinguishing Media: ._Chior_,._-,rm ._.-_= ..... _ . "........ ,....... b_trT, :,_ e_, _utoig_itiom Temp:
_._'_-. I '!. :., ,.=,_ ;'ii _ I L-A.TE ,.._.+......,_: ._ _ thm-c_ imm ; r-_m! .................

Unusual _ire or explosion hazards: _.i._ne rec,.-..,rteZ,:

Special _ire-_ightingprocedures:bear a _!_-ccr, tain_=__,br.=._,thin.n_aE,_aratuE, <_E'A,
with _ ..'.ull._ace_,i_:e oDe,"a_.-_d-int,_e

: .SECTI_'; ": _,-,-,.-.',-T,;- .. r',.EJ-,_.:_'i ,_t 2_7"A

b_.ter-ia;i_ stable i_ kep+. ii-,,_-i_ ccr_.-__=ir-,e.r:-:ar_,._-,prGteute'J 4r,-xr,air _.r,,:-_--:_,r,!,ight ..
_.zBrdct_s _olv_erizati,_.-_-,dr_..........._,c*.,-C'_:L,rtJc._e_._.,=-.r-, ev-.-.-.;,v_r_-__-,stabil _..._J..:---"'._ith-_-t,-......_r c._.,
this ,.7_._=:"4__ dev_=!c,..-_%.a:z:..,_-Ji?.v"r,..-.,,Drc,.... _ " __ ............. _.._,r'i,_r=._=,'.:E,C'_,____.,"E-_.-, .alr _r,d l i,._.-'lh":c

• --r"'- ,-,,4- 'Ch_cal incm_tibilitiem: Thi_=,. ,_._-,te._-ial :..$ l,' -- C_' [ ..... it, l=_.....vn.th <_mr,. _, .,.,._', :,_-'_.......ir_.,
r,. - . ,.i

Conditions _ avoid: _.-.,_,,,, m,r,r.,lc_.,_l e:..',r_,_-,...:retc, air a;:d lighm and t.c, strc_r_ alka].ic_.,

Hazardous Z_itim Products: Tc;..'._.: and c.-,rr;_.ive .na,.-_-:a_..!J..'::eh'/drochlorZ,z a,::'..d
,-

i" i.F-_.
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Material S_+ety Data Sheet

%,:-,.-,i,'.,I,', c_.J.bl Isnl.n,::lC,:.:¢:::_:,ra!::,.c::-.'-: Pr_uct : O'-LCI",f'FC_.M

..... ,'::.. _,.. .... ,...:......... _ NO-" {._F,i.;.Lm. ..... ..:,..._
F r-C_TC:C_r_:;.,..':T:!:.- ::::.-.,.'.].<---t :;.:;:_";., ".:: '.-_: ....L+:7 .:..'_;x',..:.-f:,-'._"-."r:',-E_ Revision : 1;:1'

Date: ,c';:::ri :I, ':.'_::_:

! ........................................................................................................................................................... . .....................................................................................................

' :::E!:&' " "..' • . "",.'_.-.".% ! C:,;.........."FC: T r" c"'""-,...,..,._......_, ."C:?_.
.................................................................................................................................................. a.., .................................................................................

....... , ........ , , , • ....... :..!=.._.<-.-.... '.--'., '_L_';;,.:,.,..... .._.,'............._.,=_i...,v _--_.._.:,I',-,.
t,. :-,; . ,.:: :. :..:.... ' ,%...-: . .:?4: r" ) •.. '.::. " " ...

S_Ynarv of risks: I-'::.::D.::,-L'.!-::_........ , .:.: ,,.: ............•........ . .........._-.. L:,...: ........:,. ......-..- ..........
{ .._=,__,..:....j_e....._..-.:-.i.:.-...... : _', .%_-._,y"? '.'.E,,'r.m, 'L................................:_: .... . _ .,-.-_ ..: ........_'..,._.:T'.i.... .._-::._."-=,,.-,...........,...::,: ...;.,'=,"_ :.7...;.v:,,:_v-,z.,.r.H..,2.:-_.: ; , _, v.=-r
• r'.,:.'.,"-"-E,.=_:-.::=......................................_ . ,,._,-=_.... ,_; .- ..' ;. _ ,"ir'_;:.. ,ff.:.::'c....:::,-{.'._-i:: .'. E-Ft=l: Z.':'.. -i- .._in ......,,'"..........,..: v,....._'",.! ':7. _-.-,':..'_ c, , l-&tc-._ _ _ _ _.:.:...............-._. .-
................ _..... ' '" --: "-i.',_-.- ": 7-.".,_'4,:':;"' -', " i"C ';'...:.::.'.. i "'.r", .".'d-:(7: ..J_'-i "l''_'''. C'; .,.,::,i ,::7.:. {'',i''''i _ " ...u-::'.':':.':_..._... _.c:_ "-"%., _."., L '-! _ ............... ':" ... . ........... k .'._.;-L..'..C.:f'! ,

Medical cenditions which may _ aggravated by" contact: ,":d..In-o.-_t.::.-,-,-:- rh:.:-:,Pear-t, !.i.,,,:-r_
•.-..........,._._ "::._.-_:;_..........,_,,.= _.k.':_',.... _'__ I,_d:,l-'-._"!E...',.:i ""

.... _" b::" ' ".......... ,. iT-_k".:..i". ,, ;:':P-;'>-'_Target organs: ,......,:-.-.., ;..:::_ne"..-.:_ ,-...a.._......
• .. ,_ ' _ ... "1 _ 4- - --

Primary entry r_ute(s) : ::_:.;klr-, ?t-,r,::',-::........ r,-::_._:_......._.Jn,
I

_:_,.tte effects: r..,_.7.-ir-_E=:-.E._ :-,'-,.'.':,r'.,..=,, ,..i.., !n<-.=..,s _-,-:.;_'-=_=;, heac_acPe, #--_t.i..m_.L.;.@.,_:Z-iCI .9;_E.tff'£.a.-.?...E,........................ :-', a .............. .q ...... •

Chronic effect(s) : ,:'¢,._:.=./ble :ei:::.;.:_r

First aid:

Eye c_ntact: rT;"---_-,'__:.,,:.._.,,c ..r-.,............,.. IL,-+.i.. b.:.,-..S , .Y.-,-'.':ucJin,:; .'_.'.,_derr,-_,.........,._,/,=_.ids,
',-t ......................... t E:,]. C_.""!r_"-," :'__t_',";,..r-,C, !,_a,_..=..-_ for--j(:-4"tl v .......... ,... _....... t. ........ ' :.'; :L-.._. ':::::: ..........

&t _ .... " " '

Skin cef,tact" I................. v,.a:+.',-, ::t"__-.,a-::-f:=,_.:__,:._darea w-tP: _,cac. __c."_d_,_=_• II_;ll;--.t..J_' _ I, ..%."." ".," .. . . .......

Inhalation, ':::'c-:.Gc,,,,=,*;-¢' .-..,'......._;:-" gyer_-c..ra:-m +r___,t-_ ai._ r_-tore 9!-,d/or

I_estion : _,_q-',.',_=t-.q'................._../,-- a,-,.v-,_l-,i,-i___.............bv :T_i,zP, tr, ._:_:_..:¢,e wr%_ i_• _ ........

_-C__D:T_sz".,a...:::.kve h_';.:T,or _;..=_rseveral ,_qla.s-___ ,.'.:,f milk or
_er +o d,-z,.-,k ---c,G induc_., .¢,::,,_itin_. r;:epeat i-F large
qLtantitie..--= _.-:r:.- _r-,Q_t___ ..

......_ , _-_.-,.".,.._::Z.'!L:..... _._, a..,.,, _'_ ¢I7.-_-_ EXFC,EtFEE:. "...... prcm,,',,.-._:._ iq-::01C'4_ :-E]_F' ":IN FL_,G "" ........'" '-"-"'_'" _' T',-,X - _.._/... _ .......

._.:_di.-:._._ ;_-5"..-..t__r:c,E4c,r +'._tr%P_.... tt-,:-,._,-.,:',:-_nt.'-:,b--..-,cvatic._,,._.r,d _ ..... " _Zter first aid......... . .... :....... __.____, _ .. _. I :'

L-2:_T¢r6¢'_tS:'_.,_-b::__r__,hO a_e , .:_C,L',.._..=_1-/ 6_,'zE<'-"_-_"] _'--' -hlc, r"o+,:,r,T_ r__qutire ._eplac_n_-_._t _,,-._
De._r-ic_._c,_:_..':.c_ale:_._:.-_T___nc,ha-Ziz.'.n__.:i.d;-_ev,i.l.ver,sk.':.n,,_%_d o:-:_,tralne_vc_4s s.vst,:_'<,',
A IF;C r ",r¢" E. :.-_ r-_+_ .:.] : v :-'.:,_E,.]._ ........ r. ' ' -................... _._,__._-, _ e::.'E.#_-_S"e=.,at r-,l'-r'_,d,,r",-_-.___..-, i-_.ti,_eable e.t:fec:t tc,
determir_- tre e::.t___nt to wh:,.,-h _._=.,::tor_, 1..-.ke a?,c_h,-,1 .'.Dr-drug:s havc- a-F+ect.ed it,
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Material Safety Data Sheet

L":_,____-.n',.i.-:'L'C,J.___.nir,c Lc)v-i::,:-,r-at;t'::_n Prcx:luct" L_L..f:R[.:FC_I:L,+"I
--,._...._-',.....:.;..L"i.. " ....._.-i=-,,-.":". '."';- i'-_--,riet-'r,_.-l'.,/,, b,f".-' I ""_"_".....,.,,..

q ", ....... 9" ,...... z:" ,'i .-r 4 r_-."": ' ;:: ' .:.., .-'"',::.t__-_. _ r,,qi::)i _-_cG_F'i.'i.L.trr_...." .:',.l.....

Date: ':4_i-i 7< _'?_:"-:":-:'. ,'- . '..'..,'

"i ............................................................................................................................................................................................................................ ,

t ,:.:;,::'_""r 'v,."-,,i.,._ , i'l *' ,-".i"., , , r" 'i '" ,._hq-, • r", - "ll-'.;'_i '

.i.... -

Spill / Leak DI'_:::E_::JLII_£_: :,;::..... _:'v ::.......-k-:,".',,. "v-',_"=:.e"F',r',,:-,l C.,'I :_ C_,'_].r,_'r,_mrm BDIZ1 Or ]." ....................................... IA',:_._ii : ' .

P"r"m". '_. ,'_,,.-."v,-.'.:",_.'. _,'E'.:.C,;_.... "'.-:x-x_:2) _..,'.-'_:.'-.. _r C.-'. _',_"..<;i 7::_l-,_-:'._._,_-tlc_'! _._.O-_'.:ll-_:.: ,'_-Eq'lt.=TtC't wJ.tl-: -.-..:',-_,.-._
• _ ..j._ ....... • . ............... J. • . - .

.',..r'.._:-=,._....... .......... , '.-_:-.,- - '-..::.,..,-::......-:...... '!:ii:', "">-.'::,_-::.r,::,_'-_T:......'v'aD,_-,i- ._'_..... P__avier" t['_T, air _,_,_ v_i'_,
- , i .... _ ._ . . : . . . ..-. ..

• . . .

_,: ."..F,,:.:-ct,;',::"".:--.-r"L.-.k.: :.:..-'" -..:-.:_.--_.-'.'_F<:.,, ,EG........... ,. ..-.,r".,',._,",_,i,-t ;{i_e F'i.-_.¢zet._.:.._te 7.._.... __ .-_• ..'..: -; ,,.: -L '..i ,..,:•

_kr':E_C. ::E:'F, ..................... " ..... _.... ;- -- " '" '.,., .... .. ,,. :: .:.......... , .....-_..,: .,_,_7: r;.:::,i" ::"..;._;_.:<:.."=._':i, !"::CE'l:' _,:.-'-E,-'.+,.:fP;:::,_._.t OE -'_,U_'E., .-:J--',._.:.,_:,r"::.i-,:.-.,:
•=_.,_ u.,E__:.: ' _...:7,. 7:7.

Waste _-,ag_T___-,t / Disp_-_l: F',::c.,t.:'.,:'! ,.:..,_.._.=_..,.,::,_:,ii_erc,.r-. ].i.c::_,__.:--,_.._c:cr,,tractcr -.':c._-
-.i-._.... :. ;':-7',F! ...... ; _'.@,.,. ..-%..1_:.,.:,.._............... _ _.,..:_..-.'..:_Li. ,..-..E-<:._-..,,,._y._T.:_..!<.__4.C._-3.F._,; r.:'_.-"I ', - c=-,..,_-- : ,_,f',-_4"'_.? ,:.,;-_-_.. .. .
i..L'.ZE' ]. ;-'!_",:;._. S.'"' " .'"_"_": ,,

(7;:'-_-_.:_O,::-i.:.J.:, .:.......,.::c,ii"
: - _...... ' "-<" .........._ ':' .] :L_:.%_:'_..:_ '

E:PA :"_'_"-_"i,-_;, ,',"i--_-,_",.= ,'._.._: " _::i;'....... :':"._''..,.._.,_._',
!::,%F_Y:,.............._.............. '....... ".......:_::i._ ;.-, .._......,...:. V-'-:,t_:._,::E.... ldt'.:..-. ;__k'.._'_,-
:-.._-_]:,C'_._i.' ......_,...... _,- ,::................... -._-....................= .........1............,.........• t_:;.-:,!-_<:.v"ta,tLeL:.k.t._y,..-:.i::V: _3£240 1,_ ("'_-'O...". ..,• kg :,

-t _,..4.

: --',......,-'rf-,_,,:,;'iI T ," ---,.......,'::<:........... , - • _-_-....I.AL. i:ftCJTE_-CTTON T,_,FI.'.:I4MATI C:I_:
+ ..................................................... o,

Personal protective e_uipt_=_t:

C_,_gl_s: ,.:'>.,l,_-,v._,,:_:.'<:-:r:.'.;'-otE_:tive. e,:,E_q].<-_s-____7,or El-_ni,.'.:al :-_.fety goggle__., Ik/ff._-...!,-_.-..
=u].a ....,_, ,,-: .-,=:..-.........-.-=.-:.._._._.,,_.ar _ +.... 1 _ace -_hield a_ a __tDc:i_T_l_tar,,.'
::,#-,::,tE-'-tv,:._ f,-,_.E.Eur__-,F-.:,I!::_-_ tr-_ eye-- _F,d "--_-.-_- - _--+_-._ ,J_,tec,._c_-,gLtie_eline.T.-.:.:..:-:2..:%:;CFTR _':7'!,7_:i.:-!:._;-'- -- ,. a

I'. I'"
R_pil_&tlDl_: {_i_z.__,.r-5. v,,i',:":£-'l,-i...e.DDy-cr_.'E_a v-_Eil_at.of _l_..i_ tl-e NIE__GI-I F'_x:ket i_lide tc,

.r..._-.,:.,_:,:_.re.;.._..m.:.:s ,-i ,-_.-; 2r_ T.-_._.ct__cc,2. FolIc_ t__ respirator guideline-_
•" . --.--, ,'"- T-, _ ,-',_ ,-_ -_."

.!.F, -.._. <.:Fr<. i-.'.,t.,,1.-_., i::'c:,i:" _.-41T,eI"C!E_-iC':/ 0_- ncr, r-__itine use (e._l cleo-ling
;-eactrjr.....'e_els ,-.r--tor-aoe t._.r-,k:s'._,_2_-a;-,:_r,_CBA with a Til_l fac_p_t,.=_,-;=
<:,rerat.e_ir_ the, P_-_S_..tre--,_d_T_.aF,O Or pcr__it/.ve-pre_=._ure,_de.

I i

._,grr,-r,,--..,.'%i_.....F-'_tr:i.c;,ir,r-'l._-_r.:,ir..--_tol_5wil] r,o'tDrote-t wo_l_l::erslr,.......... a, - ,.

"",: 4.._E-;";-.:J'-.:",_:.". .... .L-.r',,'"..................;_t._.-_..,p.l-_r." .._=.. ......

Other. "--" ..... "• , .... pr_=.v,--..,+ ..-.'T:C.taCf-v;:ith .=.i.:_ir:. ,.weg.r J.mp__rvic__ts gloves, to-,ts,, 9._:r_n_,
.:l£_US'_t.[;-:.::_i .......... a.:._ F-..:"c!utr__D _.,"...'tl-_., sg_:..J._±[ __,rk: .._-ivJ.l-Cin_T,___t,

Workplace considerati_s:

Vemtilatiom: "_-,<+;_;' =,rx:_ -.r_,_n.__ ;'_._._:r:,r-:_]-_r,_',-'_=_Iv_._-,_i:l.atic_=.,_-_=_-.that :.--tr,.:-.....................................` _ ............. 2_, ,:.5 ,. _'111=%.

7"n:2_k-::'l'-,::L..l -:..... :l_,::ll, _:.C; lr_:..I;IF"i@..':7,.",:, E,..kI."_.".j,y'T';E>:/ E,"./E-,]. _ r-;'6 CI-ll_OI;'_.'_Cq-fTi _E__!C'._', 4:.".':.-:
::3E.-_ F__,___.._",:: rs_"-i::,_.-,.t_d .i.ri _.:'.<-...+_.4,__n2,

Page 4 -- 9PECI_I._.FRO]T_CTION INFONS_TION continues on page 5 -----Page 4



Material Safety Data Sheet

_.:,......r,;,.............:n_, ::',_,j. i..-.,hi.nq ,.""'--":,,::,!.-ati(x_....,, Pr-cduct-- _-...................... "" ......r....,,
" _':' '- '.......... -' /'(..i-'_-_ '......_ ............... J' ' . _.,-.-_-',:., ......., .........-........ • ,._,. :::__,_ le:..t.-.._u_., . _Sy '_'-'_ '_'"

": '"'" ":' '_'-''::''L ' "'' ;:"';:,t:£;., .... . ,_........... _ reD: L.C.:_.'_.",.:.i.L::-,,' ......
....... _', ........ R_visi_n i_:"" ..... ;,','. ; '.".,:'-_.':...;;." " ,"..'",j. :.,:<:::!....L,:-¢'i ,, .7.:: 'X::: .. :!-,.':"_-_,9..-__-_f_Y'F-{'.r_:_

Date: i:::,_,r-.-: ,. :.'.;q;3

} .......................................................................................................................................................................................................

Safety stati_-,s:
• .......... _' ' _ "+'- ....'..... ' -.._e:_::.,, E_Y'I,.'.]'"..... z:.-._....... ,............._",:'-_:_:-:,_.....-'..::.,_:::::-.,,::_,.,-.,....,.,.... -..:,, _.4_n::.!-.,.._,_acili _'; .... =..:..,e...,.. :,:.,::_-.-:t .,:.

:..:........-.,i. :.--..!-,i,:-..-:............i_-., u....-.->..-:_.;-:df_.nd'_ !P,,._"'-' ar"ea_.,

Com taminated E_ui Fm_n t:
: c?r",'t.-',/.Tt. _ .I.'F::':_;E ,.:z:::._E.:,:', .:::m.',:_-j.,T._i _ ....... _ 'EC.,+"4.;-. t ..-_.....r.-,......... ,.................. :...............
........ _ "_ '1 '" '..:_..... :-......,. i ,_:_.-.{..-?:i.:.-",-;'"r-,-:._,"t-,_.:.--.<tet_r_, E_D ric,+ ;,,_.:_.._r- ...-..-.-,:..._-..,--.,. .-.:......:&:,.=:..... ......:................. i .................. •

.._-....4..-:,c'.'.::'Z..,..Fh"-_.,,.::'_':_-_'r',t_,'qimE,_E<l Clc:,th]ino _ci I .-_,.:-:::!,:.;.:,_...... i.........._ ....•. .................... ,:.* :......:.. -,,::9'"."......
• " _- - 4%_-- .- 4 _1 .................. K.........i__- .::..q__,ir,,, ,-_'.',_:._:;','N'",.i."_:._. _..=-..'r....._ i::_--_ -sh':,e_ ;.-,.F,_""."",,: '-','.':':="+

•" • .,-4.-;....... -..=,,'"-"y::._".' _'",.......... ' _;gS_,t_.mFm__Ghl",/ ;:_,4:_:.(.:':r",..vL:..!",:_:i...h:i:-_r¢'_:::.:-: :',.i ",,: .........L.:.....:..:::,c...:::l......... .... ...... .v.._...,r.f:_="'.: _.J.';,;.-=_.'>'-% ...... . - • " -....
• " : .-_.., i-i._ ..... , ...... 4 _ . . ,..._, _./C2.'_i.',"T',::".,._'"K.T:'_"'

.......... ".......... ' .... ' ':'- ;.; -, ...... " _.m_,kzm9 .r__ -.-_ eat -.,"it.._,... Lq.,i'"2,"ik ,7.':::i'"T:.ITmT'._I.::E,2.:'" .-TG",-".'.L.{r- ,'r,C:..... : ...,L;_..._..,=:...-..',:_...L.!,_ , ....... .._., .._ ,,, .-.. . _ ,, -
.... I . .... -- ,; ...,i ' l ' ='I .L • _ - -,, i..,,.q :. _ ................... . .......

.., ..................................... ..............................................

, - _ /%"- -'.......',..:_._ _" :::_E,...,IP__PREC__4_rF:.tL'_E;: t_.-,._! _."-" T._,.

Storage segregatiom: Store chloroform in cl,_-=edcontainers a_a.,' .Frc6,light ,._.r,,.:_
•-: J.La ! ._es,

Soecial P_ndllng / _J3ra_e '"_-* .... _ -- *- ...... ' "_ ............•, ..-, L.,...,_,,-.,.. ,..:,In ,.._Ir'_, = -i:t-_:::_T_Ot"¢-/_iC :. .,. :-'"--:'.__.",'d';: ......".::'C;:',, .... :., ,
_..:......;.,...,T'_',_, thr_J_r;., pla_.tic c,;' rLibCSt .............., L-=.e-:.,.::,r' :.!.-,..............:..

.- .......... _ . . . . .. ,._.. _... •r .-' ...... _". ......i......... .., _4':;,"_r-R i "-' i _ I"-2:'.............................. ....... " .:L, .'.

• .,* 'I ;' , _ L._ "I I, ......

,,._:.:i, _.,,....:..-_ --.,
L...L • ,,.,

,.._.l1,¢.,c,DOT Class: _..,,r,..-._..., UN Register: ' "'_'
'._q _ ,._ ,-_ .Data source co_e(s) : I_ _ _..,7.T,._84-q4: I_, I_3.

m

Prepared/revi_ Dy: ,:._-._-.,!LLm__tbli.srL_..-_gCorF.oratic_-,

,' ',,::t'i "I '"_-_'"

• ' :t,_q,.-c:_:..',"_T.:..7,..:: ,:,-; tr"_.: =;.j.j ta.[:,'_..].itv oT in +ol'G_ti_rl ff__r_=lr_ <"C:i"' FLU'C:F'_:_--;--:I'- -- [:i_.!""::,.'_':,::E':.-.i:-, .'
q,.--:,-e_._-.r-i'i,,; i, .,,'........................._..-. -r_._.-_r_ _!h.t].._tv, There+.ore, atthc_u_ rea._3n_.ble ,-_at= _,.:_._!:'_:-,:.,,"
.:.,z_L_._-, j.,.-, ,..-._.-_,.::. r.:..,=,-=.......... •............=.,.._._.,,,oF _..,,.--_,, J..nfcrmaticr, ,. C-e_iuul_ F__lbIIshi,-,g Ec,r'_oratlc.r. -'............. .:':
r,,::, _ar--._.n!:;,:--:-., rnal.:es r,G r-eDre_-_qtatians and as_L_e_ n_ re_T_c_sibilit..v .=._..-=t,::: ;:;_,.:
;-,.c:::::r.:-c, ,.._ _k,..,:..ar.:.:,.-J.t',, :-,-, ::4J_,, in_or;r_tic_q _at- aDDlicat.ic_ t_ F.t_.rcb_.=_er-'=. .,,,_-.:::r:.".,:..._

Page 5 ---- End o_ MSDS 315 _ Page 5



1,1-DICH LOROETHANE

JUNE 1985



Material Safety Data Sheet No.359
From Genium's Reference Collection (Formerly 1,2-Dichlomethane)Genium Publishing Corporation

1145CatalynStreet (Revision CD
Schenectady,NY 12303-1836USA Issued:November 1978

(518) 377-8855 amuu pum.m_ com,. Revised: August 1987
SECTION 1. MATERIAL IDENTIFICATION 23
CHEMICAL NAM[',: £-IHYLENE DICHLORIDE (Changed to reflect common red,trial practice)
DESCRIPTION (Ori_irdUses):Made fromacetyleneandHCI.Usedasadegreascr,ascavengerinleadedgasoline, /¢_3._N.
asanmtarmediatcinthemanufactureofvinylchloride,inpaintremovers,inwettingandpenetrationagents,in
oreflotationprocesses,asa fumigant,andasasolventforfats,oils,waxes,andgums.
OTHER DESIGNATIONS: 1,2-Dichloroethane;sym-Dichloroethanc;DutchLiquid;DutchOil;EDC;
EthaneDichloride;EthyleneChloride;1,2-EthyleneDichloride;GlycolDichloride;C2H4C12; HMIS R I
NIOSH RTECS KI0525000;CAS #0107-06-2 H I I 4

MANUFACTURERS/SUPPLIERS: Availablefromseveralsuppliers,including: F 3 S 2
Dow ChemicalUSA, 2020Dow 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 #KI0525000 100 ACGIH Values 1987-88 --

TLV-TWA: 10 ppm. 40 mg/m3
OSHA PEL* 1986-87

H H 8-I-ItTWA: 50 ppm;
' ' Ceiling: 100ppm(15 Min.)

CI- C - C - C1 NIOSH ILEL1986-87
I I lO-l-lr TW'A: 1 ppm
H H Ceiling:2 ppm (15Min.)

IoxicityData
Man, Inhalation, TCLo: 4000 ppm/l

•The maximum allowablepeak concentration (above the ceiling level value) H_a_Orak_r _T_." __ 'g I-h"o_f_ctl3.y[e_nedichlorideis200ppm for 5 minutesinany 3-houri:_ri'od.

.Cd_l__: Additionaldataconcerningtoxicdosesandtumorigenic, Man,Oral,LD["°:Lo'714 mg/kgre£_ro_o_ucuve,andmutageniceffectsislis_l(withreferences)indieNIOSH
RTECS 1983-84 supplement, pages 865-456. Rat, Oral, LDs_ 670 n_-

SEOUl'ION 3. PHYSICAL DATA .......

Boiling Poin't ... 182.3"F (83.5"C) ' Evaporation Ram (n--BuAc - 1) .. Not Listed
Vapor Pressure ...87Torrat77"F (25"C) Specific Gravity ...1.2569 at 69"1::(20"C)
WaterSolubility...Solubleinabout120PartsWater FreezingPoint...-31.9"I:(-35.5"LD
VaporDensity(Air= I)...3.4 MolecularWeight...98.96Grmm/Mole
Appearanceandodor.Colorless,clearliquid.Sweet,chlomfotmlJkeodoristypicalofchlorinatedhydrocarbons.The
recognitionthreshold(100%oftestpanel)forethylenedichlorideis40ppm. Odordetectionprobablyindicatesmaexcessive
exposure to vapor. High volatility and flammability, coupled with its toxicity and carcinogenicpotential,make this material
a major health hazard.
COMMENr['S:Ethylene dichloride is miscible with alcohol, chloroform, and ether.

SECTION 4. FIRE AND EXPLOS!ON DATA LowER UPPER

Flash Point and Method Autoignition Temperature FlammabilityLimitsinAir

SeeBelow T75"F(413"C) % by Volunm 6.2 15.9
E_'INGUISHING MEDIA: Usechemical,carbondioxide,alcoholfoam,waters'pray/fog,ordrysandtofightftr_revolving
ethylene dichlonde. Direct watersprays may be ineffective extinguishing agents, but they may be saccessfuUy _ to cool
fr.re-exposedcontainers.Useasmotheringeffecttoextinguishfn'_sinvolvingthis_ UNUSUAL FIRE/EXPLOSION
_: Ethylenedichlorideisadangerousfiremadexplosionhaza_whenexposedtosourcesofignitionsuchasheat,
openflames,sparks,etc.Itsvaporsareheavierthanairandcanflowalongsurfacestodistant,low-lyingsourcesofignition
and flash back. If it is safe to do so,remove this material from the fire area. Ethylene dichlorideburns with a smoky flame.
SPECIAL FIRE-FIGHTING PROCEDURES:Wear a self-contained _g apparatus with a full facepiece operated in a
pressure-demand or another positive-pressure mode.
.C.Q_M.M_F,_:Flash Point and Method: 56"F (13"C) CC; 65"1:(18"C) OC.
OSHA Flammability. Class (29 CFR 1910.106): IB. DOT Flammability Class (,19_ IT'3.115): Flammable Liquid

SECTION 5. REACTIVITY DATA
Ethylenedichlorideisstable.Hazardouspolymerization'cannotoccur.

CHEMICAL INCOMPATIBILITIESincludestrongoxidizingagents.Explosionshave occurredwithmixturesofthismaterial
andliquidammoniaordimcthylaminopropylaminc.Finelydividedaluminumormagnesiummetalmay behazardousincontact
withethylenedichloride.
CONDITIONS TO AVOID: Eliminammurr,esofignitionsuchasexcessiveheat,openflames,orelectricalsparks,particularly
m low-lyingareas,becausetheexplosive,heavier-than-airvaporswillconcentratethere.
PRODUCTS OF HAZARDOUS DECOMPOSITION canincludevinylchloride,chloridefumes,andphosgene.Phosgeneisan
extremelypoisonousgas.Productsofthermal-oxidativedegradation(i.e.,fireconditions)mastbetreatedwithn1_ropriatc
caution.

i !



No. 359 8/87 ETHYLE.NE DICHLORIDE

:TION6.HEALTH HAZARD INFORMATION
Ethylenedichlorideis_ asananUcip_d,hu_ ca_inog_by_ N_La_,_,a_bable hL.m___,_._en!.c_.,__)_,
by i.heIARC. ltwas iouncltooeananlrnm-posmvecarcinogenoym.elA.Kt....r_t..l..re_posture_,i_ _mu?_v,_/_.,u,_
itscarcinogenesisbioassay.SUMMARY OF RIS.KS.:..Eth.ylenc,dlchlon.deIscons},clerea,tot)cone0r.mcmo_ toxacormc
common chlorinatedhy.dtbc..m'bons_.Dcau).st.rom.ac_,mentatm_esuonor.uv.smatenaanavet)ecnrepg.rma_.lnnamuonorvapors
reporteAlycausedthreefatal.tues..)-.xc_es___slvemnat.a.uono.Iemyleneatcru0naevapo..rsc.ancau..__trauEy" ..u'nuau.on,....
intoxication,narcoticandan.cstheuceffects,voma.t.]ng,dtzz.mess,depresslon,atmalatrnea.}no,ncpato_c.,tmjunoustO..uvcr)
effectsofthismatm'ialareslgnificant,lhc syste.talcenectstramoverexposure.can.appcatm _ u.ver,za.aneys,a)gcsuvc.
tract,blood,lung_adrenal_lands,and.the..central.t_-rvo.ussystem.Testson a.n:u:natsna._vc_vc_aa ret,pr_aucu._I.atl.u,reeanao."
fetalresorption..There..mayt)cmcreaseans_rto.nursm,g..t_antso_.exl)os_,n2omc_;",|m_t.,=,._,,.J_L.,o:,.._,,u.,,,:_y_
system,eyes,kidney_s_liver±he_art,_..._ren_glanas,.ann_m: .._KIM/)tK¥. er_t_I':mnalauo.n,at)sorl:)uonmrougnsran.:_orm,
oreyecontact.ACUTE EPFECI2i:51fancon.t,_.tca_usestmtauon,._a.ct.attmg,ann,tr_peat_orpmjon_c_t,t)m'n_n[t_."
contactcausesirritationandseriousinjury(clouding.of.thecornea)if_ttsnotre.inor,cg.pro..nTpuy... __It.. r-rrr-._i:).
Injuriestotheliver(hepatoxicity)andkidneys,we:gntloss,lowbloodprcssure_jaun__tce,ot_un_a[re_uccaexcreuono_ ....
unne),oranemia.IdEDICAL CONDITIONS AGGRA.VAT.ED.BYLONG-TERM E_UKIz: l.'.er,sg.ns,sts_ung anu_a_|antscoum
ex_nenccanincreaseintendencytobleed.Pe.rsons_mrang_ms_unn_ac.can.mcreas.oa,hskot_o,were.,moon.,g ..._
AID:Bepreparedtorestraina hyperactivevzc.t._n.EYE .CONTAC'I_:Flu.s.neyes.,mc_u_m_.una._,mcc_et!as,gc.nuy.o_..,
thoroulzhly_bithvlentyofrunningwatertora.t.leasti:).minutes.t.,ettnca_cm,ne|p.,_ ._ur_._,i__.mm_ate_y ,.usnmc
affecte_ area with water. Wash tFiomughlyw_tn soap ana..wat_. ,rtemoye a_a launaer, contamma .t_ .ctommg _qm weanng _t,.
again; clean material f:romshoes and eqmpment- oct m___m nc:p..l,_aA/.Mk£1.t,J_: .mc.move v_c.umto _resnatr; res._re ann/or
support his breathing as neel_cd. Get medical help. 7. I.N__Q._,_d.Q_:Never g_e..anytlamg 9Y mourn, to someone WhO_s ,
unconscious or convulsing. Rinse victim's mouth w,Uawamr. Oxygen and aruficiai resptLauon may vc neco_: _et meo_ca_ ....
help.* * GET MEDICAL ASSISTANCE - IN PLANT, PARAMEDIC, COMMUNITY. Get prompt meatcat asmstance _or _urmer
treatment, observation, and support after first aid.

;AL PR(
_,_P.IId,_,,_.,A_:Before using ethylene dichloride, it is essential that proper emergency procedures be established and made
known to all personnel involved in handling it. Notify safety personnel of ethylene d_chloridc 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
anabsorbentmaterialsuchasdrysandorvermiculite.Usenonsparkingtoolstomixwastematerialthoroughlywith
absorbentandplaceitinanappropriatecontainerfordisposal.Flushtraceresidueswithlargeamountsofwater.Do notflush
wastetosewersoropenwaterways.WAST_ DISPOSAL: Considerreclamation,recycling,ordcslructionratherthandisposal
inalandfill.Wastemay bcburnedinanapprovedincineratorequippedwithanafterburnerandascrubber.FollowFederal,
state,andlocalr_ulations.
Ethylenedichlorideisdesignatedasa hazardoussubstanceby theEPA (40CFR 116.4).Ethylenedichlorideisreporle.,dinthe
1983EPA TSCA Inventory.
EPA HazardousWasteNumber(40CFR 261.33):U077
EPA ReportableQuantity(40CFR 117.3):5000Ibs(2270kgs)
AquaticToxicityRating,TLm 96:1000-I00ppm

SECTION 8.SPECIAL PROTECTION INFORMATION

_'. Alwayswearprotectiveeyeglas.ws" or chemical safety.goggles.Ethylene _dic_hloride_.p_.'cularly harmb_bLtothe
eyes,anddirectcontactresultsincornealop__}_ty___.cg_tcl_o.udmgof_ eye): _.." wc_ maper_o.us_ .......
gloves to prevent skin contact. ,_: Use a NlOSH-at_provearesptrawr per tlae Nlt.k_tt pocr.e._ouuae w t.nenuca_
Hazards (Oenium rcf. 88) for the maximum-use concentrations mad/orthe exposttre limits cited in section 2. Follow the
respirator guidelines in 29 CFR 1910.134. Any _tectable concentration of ethylene dichloride requires an SCBA, full
facepicce, and pressure-demand/positive-pressure modes. Wm'ning: A£r-purifymg respirators will not pmt_t workers from
oxygen-deficient atmospheres. _I_: Were"rubber boots, _ons, and other prometive clothing suitable for use
conditions to prevent skin contact- Remove contaminated clothing and launder it befot_ _ it ..ag.am.Discard
contaminated shoes. VENTILATION: Provide maximum explosion-l_)of local fume exnaust venmauon systems to maintain
theairborneconcentrationsofethylenedichloridevaporsbelowthe.c.xposu_limitsc.itodm ,r_)tion2..I._._.tzdlprp.perly._
designedhoodsthatmaintaina minimumfaceveloc:tyof100 Ifm(tme_l¢e..tpcrn.ma...ute),..SAl-_l_,bSIAll__r_:Maze
eyewashstations,washingfacilities,andsafetyshowersavailablein,'a,e.asofuseannngnatmg.
CONSIDERATIONS: Vaporsarcheavierthanairandwillcollectin1ow-ly'.mgareas..E1i_.'am ._utr,_Ofigni,"tioninthese
areasandagainprovidegood ventilationthc_¢...C,..Q,_d_t_:Practicegoal._l_._..hygl_;._eepmat_..atsorlo_you_".
clothesandequipment.Avoidtransferringthismaterialfromhandstomournwnuc eaun_,anmr.g,orsmozang._a_ty
remove ethylene dichloride-salan'ated clothing to avoid flammability _ health hazm'ds.Contact lenses pose a spec_mnazana;
soft lenses may absorb irritants, and ali lenses _ntratc

SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS
STORAGE SEGREGATION: Store ethylene dichloride in tightly closed containers in a cool, dry, well-ventilated area away
fromsourcesofigmtion.Protectcontainersfromphysicaldamageandfromexposuretoexcessiveheat.Avoiddirectphysical
contactwithstrongacids,bases,oxidizingagents,andreducingagents.SPECIAL HANDLING/STORAGE: Use nonsparking
tools. 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 to nearby sources of ignition frvm engineering systems that are not
explosion proof. Preplan emergency response procedures.
TRANSPORTATION DATA (per ac)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

I Approvals <:_). ['_ct._.oc_.oJudgementsm totl_lanutl_lityofmformamonhcl_mforptar_hme_|_

,-,t)_nta_,,,,t_v_=at_o,,ofs_:h,,,form_m.om,_t_,gCo_ [ Indusi_Hygiene/Sa#fety [I..,_.._7cxte..m_now_rantm_,_ nompmsenta_on.5and_surr_snorm!:)ot_:_htym

to_e_tr_cyorsuttat_htyofsuchmforrnm,on forapphcauo_toputr./tm_s _ Medical Review
muma_ p_rpoe_ orfor cotmequenc_ d _ use- _I ........
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Genium Publishin_ Corporation Product: AUTOMOTIVE GASOLINE,
1145 Catalyn Street, Scl_enec_:ady, I_Y 12303 LEAD FREE

, (518) 377-8854
From Genius s collection, to be used as reference MSDS No: Genius / 467

Date: October, 1981

' SECTION I. MATERIAL IDENTIFICATION '

Trade/Naterial 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.

! !

...... SECTION II. INGREDIENTS AND HAZARDS

Ingredient Name: Percent: Exposure Limits:

Gasoline 1001; 8-hr TWA 300 pps or
900 ag/a s

Man:
Eye: 500 ppm/1H
Mqxlerate irritation

Inhalation:
TCLo 900 ppm/1H
TFX:CNS

A hydrocarbon blend that can include normal and branched chain alkanes, cycloalkanes,
alkenes, aromatics and other &dditives_.Ss (Lead max 0.013 g/L. phosphorus max 0.0013
g/L. sulfur max 0.I0 wt%. May contain benzene, <5%;see AST_ D3606).
*ACGIH 1981 TLV (Intended Changes List). See also Am. Ind. Hyf. A. 39 110-117 (1978)

*SThe COSlX)sitionof fuel is varied with altitude and seasonal reouireaents for a
locality, The blend must meet antiknock requirements. (_l_tiknockIndex min 85, ASTM
D439. )

' SECTION III. PHYSICAL DATA '

Appearance & O_rs A ¢Ie_, mobile liquid with a characteristi_ odor which can b_
_e___nlsed at abou_ I0 ppm in air. (Gasoline may be colored with

Vapor density (aIr&i)_ 3.0-4.0 Specific gravity (l_O=l)i 0.72-0.76 @60160OF
Neltlng point: -90.5-95.4

Distillation at I ats, Initial. deg C > 39
50% distill_d - 77-121
End point ..... <240

Page 1 --- NSIM 467 continues on pe4Je 2 --- Page 1
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Nateriai Safety Data Sheet

Genius Publishing Corporation Product: AUTOMOTIVEGASOLINE,
1145 Catalyn Street, Schenectady, NY 12303 LEAD FREE

. , (518) 377-8854From uenium s collection, to be used as reference MSD8 No: Genius / 467
Date: October, 1981

' SECTION IV. FIRE AND EXPLOSION DATA '

Flash Point (method): -45°F Limits: LEL X: 1.4 UEL Z: 7.6

Extinguishing Nedia: Dry chemical, carbon dioxide_ al_ohol Autoi_nition Temp:
foam. Use of water say be ineffective to extingulsh _ir_, 536-853°F
but use water spray for cooling fire-exposed drums and tanks
to prevent pressure rupture.

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

Special fire-fighting procedures: Firefighters should wear self-contained breathing
appara{us and full protective clothing.

Flammability Limits In Air: Z by volume

SECTION V. REACTIVITY DATA

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

Chemical incompatibilities: It is incompatible with oxidising agents.

Conditions to avoid: A mixture of gasoline vapors and air can be explosive.

This is an OSHA Class IA flammable liquid.
Thermal-oxidative degradation can yield carbon monoxide and partially oxidized
hydrocarbons.

I SECTION VI HEALTHHAZARDINFO_TION '" I

SUmLary of risks: Inhalation causes intense burning of the mucous membranes, throat
_nd respirator7 tract; ovarexposureto vapors can lead to bronchopneumonia.
inhalation of hip oom¢.can-¢ause fatal pulmonary edema. Repeated or grolonged skin
exposure caulet __tltls. Can cause blistering of skin due to its defatting
properties. F__ to eyes can cause h_pereaia of the conjunctiva.
Ingestion or exoe_ive vapors can cause Inebriation, drowsiness, blurred vision,
vertig?, confuslOms vomit_n_ and cyanos_s (2000 ppm produces mild anesthesia in 30
sin., n_I_er com=. _ intoxlcatin_ in less time.} Aspiration after ingestion causes
oronchitts, pneumonaa, or edema whxch can be fatal.

Page 2 --- HEALTHHAZA&DINFO_iATION continues on page 3 --- Page 2
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+
! !

HEALTH HAZARD INFORMATION continued from page 2

First aid:

Eye contact: Flush thoroughly with running water for 15 minutes
includingunder 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 hazard. Contact
physician.

Seek prompt medical assistance for further treatment, observation and support.

' SECTION VII SPILL, LEAK AND DISPOSAL PROCEDURES '! . !

. ...... +

Spill / Leak procedures: Notify safety personnel of leaks or spills. Remove sdurces
or heat or ignition. Provide _lequate ventilation. Clean-up personnel require
protection against liquid contact and vapor inhalation. If a leak or spill has not
_gnited, use water sprayto disperse vapors and to protect men attempting to stop the •
leakage. Contain sptll. Do not allow to enter sewer or surface water. _dd absorbent
solid to small spills or residues and pick up for disposal.

Waste management / Disposal: Burn scrap material in an _ incinerator. Burn
contaminated liquid by spray_ng_fnto an incinerator.
Follow Federal, State, and Local regulations.

. .
' SECTION VIII SPECIAL PROTECTION INFORMATION '! •

+.....

Personal protective equipment:

GoUld: Avoid eye mmtamt by use of chemical Safety goggles and/or full
fam_kield mher_ splashing is possible.

Gloves: We_r orotective clothing appropriate for the work situation to
m_kJ_]se skin contact such as rubber gloves and boots.

.<:% _ ..

Respirator: Respirators _kould be available for nonroutine or emergency use above
the TLV.

Other: Clothing to be changed daily and laundered.

Page 3 --- SPECIAL PROTECTION IN_TION continues on page 4 --- Page 3
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I
' SPECIAL PROTECTION INFORMATION continued fro! page 3 ,

Workplace considerations:

Ventilation: Use general and local exhaust ventilation (¢xvlosio_-procf) 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 '| •

Storage segregation: Store in closed containers in_a cool_ dry, well-ventilated area
awayfrom sources of heat,.i_.iti?n and stronSoxidizing, ngents. Protect ?ontainers
:rob physical aaaage, Avo_a direct sunlight. Storage must seec requirements oz v_na
Class IA liquid.
Ou_tdooror detached storage preferred• No smoking in areas of u_-_e.Prevent static
electric sparks and use explosion-proof electrical services, {Must meet code).

Other precautions: Avoid skin and.e_e contact. Avoid inhalati?n of.vapors. Wear clean
work clothing aa_ly. Inaoor use of this saseria_ requires exhaust
ventilation to remove vapors•

ICC Flammable Liquid, Red Label. LABEL: Flammable Liquid

DOT Clams: FLA_BLE LIQUID UN Register: UN1203
Data source code(s): 2, 4-9, 34, 37. N

Judgements as to the suitability of information herein for purchaser's purpo,ses are
necessarily purchaser's responsibility• Therefore, althoulh reasonable care has been
taken in the preparation of such information. Genium Publishing Corporation extends
no warranties, makes 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 4 --- End of NSD8 467 --- Page 4



Genius Publishin_ Corporation Product: PERCHLOROETHYLENE
1145 Catalyu Street, ScSenec_ady, NY 12303

, (518) 377-8854 HSDS No: Genium / 313
From Genius s collection, to be used as reference Revision: C

Date: November, 1978

o_mmlmmow ImIQm_ _--wu_m_m_m_----.t .... _ _o.

: SECTION I. MATERIAL IDENTIFICATION '

Trade/Material Name: PERCHLOROETI_LENE

Other Designations: Perchlorethylene, Tetrachloroethylene, Ethylene Tetrachloride,
C12C:CC12, GE Material D5B84

CAS: 000 127 184

NAME {MANUFACTURERS): BLACO-PER (Baron-Blakeslee); PERCHLOR (PI)G);PERK
_RADE ), PERCLENE (Diamond Shamrock)Stauffer •

' SECTION II INGREDIENTL AND HAZARDS '
•

Ingredient Nue: Percent: Exposure Limits:

Perchloroethylene plus stabilizer* ca I00 8-hr TWA i00 ppszz
with 200 ppa Ceiling

and 300 ppa 5 minute
peak in any 3 hrs.

Rat, Inhalatio_
LCLo 4000 pps/_ hrs.

• Stablfzed material usually contains a small ao_unt of amine and/or phenolic
stabilizer. Stabilizers and levels used vary with the grade and the supplier.
•s Current OSHA levels. ACGIH TLV (1978) is 100 pps (skin). In 1976 NIOSH approved a
10-hr TWA of 50 ppa with a 100 ppm ceiling (15 sin. sample).

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

+

' SECTION IIl. PHYSICAL DATA '

Appearance & Odor: Colorless _iQuid with vleanant etheral odor whose recognition
threshold {100Z of tesi:panel, unfatigued) is 4.68 ppm in air.

Boilin4 pelnts 2SOolr (121oc). IH=" ats _aporstlo, rate: 0.27 (CC14=I)Va_or or_mare: 15.8 e 22oC, s Specific Irr&Tity (!_0=1): 1.623 @
Water solubll_t4Y (!}: Nemligtble 20/4oC

Vapor denstt_y (stare1): 5.83 _ volatile by volume: ca I00
.- llolecular .eight: 165.83

Page 1 --- )LqI_ 313 continues on page 2 --- Page 1
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4
. !' SECTION IV FIRE AND EXPLOSION DATA ,

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

Extinguishing Media: Use that which is suitable for the Autoignition 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
degradation at high temperature to phosgene (highly toxic) and hydrogen chloride
(corrosive).

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

+ ....
!
, SECTION V REACTIVITY DATA '• !

4

Material is stable under normal storage and handling conditions.

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

Hazardous decooposition Products: Vapor expos_ure to high teml_, rature or electric arcs
may cause decomposition to hydrogen chloride and
phosgene (highly toxic),

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

+ ...... ___+
!

SECTION VI. HEALTHHAZARDINFORMATION._ ._',+

Summary of risks: Perchloroethylene aa_r cause dermatitis through prolonged or
repeated skin contact with liquid and Irritation, lachrymation, and burning sensation
of the eyes by liquid or 'vapor contact. Loss of coordination, narcosis, tremqrs,
abdominal cramps, irritation of the resviratory tract, and nausea may result from
inhalation of excessive airborne concen];rations. (600 ppm for 10 minutes Bay affect
the central nervous system. ) Very high exposures produce unconsciousness and even
death.

Page 2 --- HEALTH HAZARD INFOR)t_TION continues on page 3 --- Page 2
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! r

......... ________-__-__--_HEALTHHAZARD INFORMATION continued from page 2

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. Promptl_ contact physician. Advise doctor
no__!to administer adrenalin.

Ingestion: If taken internally, induce vomiting. Contact physician
promptly; advise doctor no__!to administer adrenalin.

........ +
' SECTION VII SPILL, LEAK AND DISPOSAL PROCEDURES '! • !

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

Waste manqe_ment / 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
locallty and consider recover_ of perchloroethylene solvent by distil!atfon. Scrap
solvent and distillation residues must be handled as toxic waste. Follow Federal,
State and Local regulations for waste disposal.

' SECTION VIII. SPECIAL PROTECTION INFORMATION '

_ersonal protective equipment:

Goggles: Appropriate eye and face protection should be used.

Gloves: Neoprlme, VttmR, PVA or PVC coated gloves should be used to prevent
skin expolmre.

Respirator: For emergency and non-routine exposure &bore the TLV approved full
face_iece respirators should be used - cartridge ariacanister types up
to 500 ppm, and air-supplied or self-contained types above 500 pps.

Other: Where splashinE is possible, aprons and protective clothing may be ._
indicated. .

Page 3 --- SPECIAL PROTECTION INFORMATIONcontinues on p_e 4 --- Page 3
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+ +

: SPECIAL PROTECTION INFORMATION continued from page 3 '

Workplace considerations:

Ventilation: Airborne levels should be kept 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.

+

' SECTION IX SPECIAL PRECAUTIONS '• !
....... +

Storale segregation: Store in a cool, dry, well-yentilated place in closed containers
awayfrom fire hazards. High temperature (700oC} or intense UV light can decompose
p?rchl?roethyl?ne to toxic .andcorrosive materials. Smoking, open flame, welding,
etc. snoula not De permittea in area ol use or storage.

Other precautions: It is recolmended that workers with blood pressure, heart, liw_,
kidney 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 as i_i_ were a numan carcinofep_ (Current Intelligence
Bulletin No. 20, 1978)

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

Judger_nts as to the ,suitability @f information herein for purchaser's purl_.ses are
necessarily purcnasers responsibility. Therefore, although reasonable care has been
taken iu the preparation of such information, Genium FubIishing Corporation extends
no warranties, makes 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.

Pa_e 4 --- End of I_DS 313 --- Page 4
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+ .............. .---- ......... _ .......... +

' 2 - ModerateNational Paint ,' HEALTH HAZARD , ,
and Coatings _ #
Association ,' FLAMMABILITY HAZARD : 1 - Slight '

+--- _

Hazardous Material ', REACTIVITY HAZARD : 1 - Slight ,'
Identification _ . +

System ' PERSONAL PROTECTION : SEE SECTION 8 '! !

+..... _-- -+

.----_ m--_ -------- %%.
I !

$__ SECTION I. MATERIAL IDENTIFICATION ,--_-- ----------sp

Trsde/Material Name: TRICHLOROETHYLENE

Description: Prepared from syl-tetrachloroethane by way of eliminating HCf by boiling
with llme. Used to manufacture organic chemicals, pharmaceuticals; in degreasing ana
dry cleaning; and as a solvent for fats, waxes, rubbers, oils, paxnts, varnishes,
ethers, and cellulose esters•

Other Designations: Ethylene Trichloride; TCE; Trichloroethene;1 /1/

2-Trichloroethylene; C2HC13; NIOSH RTECS #KX4550000

CAS: 0079-01-6

R 1
I 9
S I
ZO

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

Available from several suppliers, including:

Manufacturer: Dow Chemical USA Phone: (517)636-I000; (800)
2020 Dow Center 258-CHEM
Midland, MI 48640

+ -SP
' SECTIOII II INGREDIENTS AND HAZARDS '! • !

Sp........ ------ gD ,m _

Ingredient Name: CAm Number: Percent: Exposure Limits:

Trichloroethllono 0079-01-6 100 ACGIH Values 1987-88
TLV-TWA*; 50 pps,
270 _/m 3
TLV-STEL*_*: 200 ppm
1080 ag/m 3

Page 1 --- INGREDIENTS AND HAZARDScontinues on pa41e 2 --- Page 1
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I !

INGREDIENTS AND HAZARDS continued from page I

OSHA PEL 1986.**
8-Hr TWA" I00 ppa
Ceiling: 200 ppn
NIOSH REL 1986
10-Hr TWA: 25 ppm
TOXICITY DATA
Human, Oral, LDLo :

HTug/a_k?Inhalation
TCLo: 6900 ag/a 3 '
(I0 Min)
Human, Inhalation,
TCx.o: 160 ppm/83
Min
Human, Inhalation,
TDLo : 819. sg/kg

NIOSH RTECS #KX4550000

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

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

,z. The OSHA PEL is 300 ppm for 5 minutes in any 2 hours.

+-- +
i
, SECTION III. PHYSICAL DATA '

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

Botliq point: 188.6oF (87oc) Evaporation rate Not Listed

apor Dre_urei 58 Torr at 68oF (20oC) Specific gravity (H_O=I): 1.4649 at
Water molubilltY (Z} Insoluble 68OF (20oc)

Vapor density (ale_l) 4.53 Nelttnt point: -120.64°F

Nolec_1_r weight: t384. i 8°C)
GraBs/Hole

COMMENTS:Trichloroethxlene is highl_ @oluble in lipids. A high vapor pressure at
room temperature provides the potentxal for trichloroethylene vapors to contssinateuse areas.

Page 2 --- MSDS 312 continues on page 3 --- Page 2
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+ +
! !

........... SECTION IV. FIRE AND EXPLOSION DATA

Flash Point (method): Not Listed Limits: LEL %: 8 UEL %: 10.5

Extinguishing Media: Trichloroethylene has no flash point in Autoilnition Temp:
a conventional closed tester at room temperature, butit is 770OF (41OOC)
moderately flammable at higher temperatures. Use dry
chemical, carbon dioxide, alcohol roam, or other
extinguishing _gents suitable for the surrounding fire.

OSHA Flammability Class (29 CFR 1910.106): Not Regulated

Unusual fire or explosion hazards: During fire conditions trichloroeth_lene emits
highly toxic and irritating fumes, xncluding
hydrochloric acid and phosgene.

Sl__cial fire-fightinf vrocedures: Wear a self-contained breathing apparatus with a
full facepiece opera{eS in a pressure-demand or another positive-pressure mode. At
trichloroethylene vapor levels of 300-1000_pe, fire fighters who lack the proper
respiratory equipmentmay experience incoordlnation and impaired judgment.

DOT Flammability Class (49 CFR 173.115): Not Rel[ulated

. !' SECTION V REACTIVITY DATA ,

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

Chemical.incompatibilities:Include aa_?siup 9F aluminu$ powder, NaOH. KOH, Or other
strong alkaline macerla_s. _eactlons wlcn a£zallne materials may lead to the
formation of dangerous explosive mixtures of chloroacetylenes.

Conditions to avoid: When trichloroethylene is hemmed (as in the case with vapor
degreasers) or exposed to sunlight, it requires extra stabilization a_ainst oxidation,
degradation, and polymerization, lt fs slowly decomposed by lilht when moist.

Hasardoum deco_iti_ _ta: Include hydrochloric acid and phosgene under
certain conditions at elevated temperatures.

CO_NTS: Trichloroethylene is stable under normal handling and storage conditions,
and hazardous p@_lymeris&tlon is not expected to occur. However, failure of the
stabilizer at elevated temperatures or other extreme conditions may allow
polymerization to occt_r.

Page 3 --- NSIM 312 continues on page 4 --- Page 3
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' SECTION VI, HEALTH HAZARD INFORMATION '

This product is consi_ere4 _ carcinofen by the NTPj IARC_ and OSHA.**

Summary of risks: Moderate exposures to trichloroethylene cause symptoms similar to
those of alcohol inebriation. Higher concentrations cause narcotic effects.
Ventricular fibrillation has been cited r_sthe cause of death following heavy
exposures. Trichloroethylene-induced hepato cellular carcinomu have been detected in
mice during tests conducted by the National Cancer Institute {Chem & En¢ News 54
[April 5, 1976]:4). Organ systems affected by overexposure to trichloroethylene are
the central nervous system _euvhoria, analgesia, anesthesia), degeneration of the
liver and kidneys, the lungs (_achypnea), heart (arrhythmia) _nd-mtkin{irritation,
vesication, and paral_sis of fingers when immersed in liquid trichloroethylene).
Contact with the liquld defats the skin, _ausing topical dermatitis. Certain people
appear to experience s_nergistic effects from trichloroethylene exposure concomitant
with exposure to caffeine, alcohol, and other drugs, ass

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

Target organs: Respiratory system, central nervous system, heart, liver, kidneys, ands_in

Priory entry route{s}: Ingestion, inhalation, skin contact.

Acute effects: Headache t vertigo, visual disturbance, tremors, nauseaj vomiting,
dermatitis, dizziness, drowsiness, and irritatlon to the eyes, nose,
and throat.

Chronic effect(m}: Hone Reported

First aid:

Eye contact: Immediately flush eyes, including under the eyelidsL
gently but thoroughly with plenty of running water for
at leut 15 minutes. Get medical help.*

Skin contact: Wash thoroughly with soa_ and water. Remove and launder
c_t_in4_te_ clothing beYore wesringitagain clean
material from shoes and equipment. Get medicai help.*

Inhalatio_t_'B_move victim to fresh air; restore and/or support his
heeathi_mm needed. Do ___ give adrenalin to the
vi_'tim._t medical help.T

Ingestion: Call a poison control center. Never give anything b
mouth to someone who is unconscious or convu_stng. X
prqfessional decision regarding whether or not to
znduce vomiting is required, l_ not give adrenalin to
the victim. Ge_ medical help.*

* GET MEDICAL ASSISTANCE = IN PLANT_ PARAMEDIC, COMMUNITY.C_t prompt medical
assistance for further treatment, observation, and support after first aid.

Page 4 --- HEALTHHAZARDINFO_iATIO_ continues on page 5 --- Page 4
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' HEALTH HAZARD INFORMATION continued from page 4

=* NIOSH recommends that trichloroethylene be treated as an occupational carcinogen.
IARC carcinogenic results are animal suspect, animal positive, and human indefinlte

*** When combined with alcohol intake, toxic effects are increased and may cause a
red, blotchy facial and upper body rash commonly called "degreaser's flush." Other
reported symptoms of trichloroethylene exposure include abnormal fatigue, headache,
irritability, gastric disturbances, and intolerance to alcohol_ Toxic effects from
testing of trichloroethylene on humans include hallucination, distorted perception,
somnolence (general depressed activity), and jaundice.

CO_O_ENTS: See Section 9 Comments

+
!

' SECTION Vll SPILL, LEAK AND DISPOSAL PROCEDURES ,!

. F

Spill / Leak procedures: Inforn safety personnel of any trichloroethylene spill or
leak and evacuate the area for large sp111s. _leanup personnel mus_ use respiratory
and liquid contact protection. Adequate ventilation must be provided. Confine the
spilled trichloroethylene to as small an area as possible. _ not allow it to rim
orr to sewers or open waterways. Pick up spilled _richloroethylene with a vacuum
cleaner or an absorbent such as vermiculite.

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

Trichloroethylene is designated as a hazardous substance by the EPA (40 CPR 116.4).

Trichloroethylene is reported in the 1983 EPA TSCA Inventory.

EPA Hazardous Waste Number (40 CPR 261.33): U228

EPA Reportable Qtlantity (40 CPR 117.3): I000 Ibm (454 kgs)

Aquatic Toxicity Rating, TLm 96: Not Listed
.

' gCTIOI VIII. SPECIAL PROTECTION INFORMATION ,
i ......... ---.

Personal protoc_vQ _piJ.lplU_:.

Goules: Alw_ _ p_t4_ctive eyeglasses or chemical safety goggles. Follow
the eye- and face-protection guidelines of 29 CPR 1910.I33.

Gloves: Wear impervious gloves.

Page 5 --- SPECIAL PIK)T_CTIOH IN_}RNATION continues on page 6 --- Page 5
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I SPECIAL PROTECTION INFORMATION continued from page 5 '

Respirator: Use a NI0SH-approved respirator per the NIOSH Guide to Chemical
Hazards (Genius ref. 88) for the naxiaua_se concentrations and/or
the exposure limits cited in section 2. Follow the respirator
guidellnes in 29 CFR 1910.134. Any detectable concentration of
_richloroeth_lene reguireP an SCBA, full facepiece, and
pressure-aexlclen_ atmospneres.

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 power to maintain airborne concentrations of
trichlrroethylene below the OSHA PEL standards cited in section 2.

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

Contaminated equipment:
Cotnact lenses pose a special hazard; soft lenses may absorb irri'tant_s
and all lenses concentrate them.

Other: Because of the unresolved controversy a_bout the carcinogenic status oftrichloroethylene, all existinlpersonal protective equipment and
engineering technology should Be used to prevent any p'_ssibility of
worker contact with this material.

COMMENTS: Practice good personal h_giene. Keep material off of your clothes and
equipment. Avoid transfer of materlal from hands to mouth while eating, drinking, or
smoklng. Adhere to the sanitation requirements of 29 CFR 1910.141 and 29 CFg 1910.142.

4
I

___ SECTION IX. SPECIAL PRECAUTIONS ,'

Storage segretatlaeJ Prevent trichloroethylene from coming into contact with strong
¢a_stlcs such _asNaOH; KOH; chemicalIy active metal like Ba, Li,

mo_¢Raau'WII'TJ; and powdered aluminum or magnesium in acidicIons,

Special handling / S.tmra4e: Store this material in a cool, dry, well-ventilated area.
Avoid elevatedze_eraturel because products of toxic and corrosive decomposition
from trichloroethylene Imy form. Nonltor the level of any stabilizer component that
may be added to the trichloroethylene. (Consult the technical data from _be supplier
to determine the specifics of any added stabilizer.) If applicable, follow the
supplier's recommendation concerning proper rotation of s_ock, shelf-life
requirements_ and levels of stabilizers.

Engineering controle: Avoid collecting aluminum fines (very small particles) or chips
in a trichIoroethylene vapor degreaser. Monitor trichloroe_hylene stabilizer levels

Page 6 --- SPECIAL PRECAUTIONS continues on page ? --- Page 6
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____ SPECIAL PRECAUTIONS continued from page 6 '

regularly. Only trained personnel should operate vapor degreasers.

CO_ENTS: (Comments from Section 6) Workers' responses to trichloroethylene vary
siKnificantly because of many factors, including age, health status, nutrition, and
intake of alcohol, caffeine, and medicines. Do not use these substances before,
during, or after exposure to trichloroethylene. If a worker displays any of the
symptoms of exposure to trichloroethylene, thoroughly investigate all the poss_ible
contributing factors to determine, if possible, how much the work environment levels
of trichloroethylene are responsible.

TRANSPORTATION DATA (per 49 CFR 172.101-2):
IMO Class: 6.I

IMO Label: St. Andrew's Cross (X)*neleDOT Shipping Naoe: Trichloroethy
DOT Label: None

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

DOT Clus: OR_-A UW Register: UNI710 .
Data source code(s): 1-9, 12, 14, 21, 73, 87-94. PI

Prepared/revised by: Genium Publishing Corporation

August, 1987

Judgements as to the suitability of information herein for purchaser's purpo,ses are
necessarily purchaser's responsibility. Therefore, although reasonable care has been
taken in the preps_ration of such information. Genium Publishing Corl;oration extends
no warranties, makes 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 It/SDS 312 --- Page 7
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+ -4 +

National Paint ' HEALTH HAZARD : 2 - Moderate 'i I

and Coatings _ +
' 3 - SeriousAssociation ,' FLAMMABILITY HAZARD ,

I I
Hazardous Material REACTIVITY HAZARD : 0 - Minimal ,

Identification +......................... ...................+
System ,' PERSONAL PROTECTION : SEE SECTION 8 ,'

+ +--- +

+ +
! !

.............__ SECTION I. MATERIAL IDENTIFICATION .....

Trade/Material Name: TOLUENE

Other Designations: Methyl Benzene, Methyl Benzol, Phenylmethane, Toluol, CTHs

CAS: 0108-88-3

Available from many suppliers, including:

Manufacturers: Allied Corp. Ashland Chemical Co.
PO Box 206_R Industrial Chemicals & Solvents Div.
Morristown, NJ 07960

PO Box 2219
Phone: (201) 455-4400 Columbus, OH 43216 :

Phone: (614) 889-3844

. +
' SECTION II INGREDIENTS AND HAZARDS '#

Ingredient Name: Percent: Exposure Limits:

Toluene ca I00 8-hr TLV: I00 ppI.
or 375 ag/ms= [_kin)
CS

J

Man, Inhalation,
TCLo: I00 ppm:
Psychotroplc .z=
--w...., m ___

Rat. Oral LDso :

soooIn{ I tio.,=gk _
Rat,
LCLo: 4000 pps/4
hrs •

Page 1 --- INGREDIENTS AND HAZARDScontinues on Pa41e 2 --- Page 1
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+ +

,' INGREDIENTS AND HAZARDS continued from page 1 ,'
--- +

Rabbit. Skin,
LDs0" 14 gm/kg

Human, Eye: 300 ppn

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

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

*** Affects the mind.
Q

. .... +
' SECTION III PHYSICAL DATA '

Appearence & Odor: Clear, colorless liquid with a characteristic aromatic odor. The
odor is detectable to most individuals in the range of I0 to 15 ppm. Because
olfactory fatigue occurs rapidly upon exposure to toluene, odor Is not a good warning
property.

Boiling point: 231OF (IIIOC) Evaporation rate: (BuAc=l): 2..24

Vapor vressure: @ 20oC, u _: 2 Specific gravit_ (l_O=l): 0.866Water solubilit_ (Z): @ 20°C, wt. 0.05 Meltxng p@.int: -139OF (-95oC)
Vapor density (szr=l): 3.14 % volatile by volume: ca 100

Nolecular weight: 92.15

I
, SECTION IV FIRE AND EXPLOSION DATA '" I

+ .............. +

Flash Point (method): 40OF (4oC) CC Limits: LEL Z: 1.27 UEL _: 7.1

Extinguisbin_ Nedia: Carbon dioxide, dry chemical, alcohol Autoifnition Temp:
foam. Do no£ use a solid stream of water because the stream 896°F (480°C)
will scatter and mpr_ the fire. Use water svra_ to cool
tanks/containers that are exposed to fire and to disperse
vapors.

nusual fire or Uploelon has_: This OSHA class IB flammable liquid is a dangerous
ire nazard, lt is a moderate fire hazard when exposed to oxidizers, heat. sparks,

or open flame. Vapors are heavier than air and may travel a considerable distance to
an 1_nltion source and flash back.

Special fire-fighting procedures: Fire fighters should wear self-contained breathing
apparatus with full faceviece overated in a
positive-pre@sure mode when fighting fires
involving toluene.

Pa4_e2 --- ItL_DS317 continues on page 3 --- Page 2
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+ ------------------------------------------------------ +

' SECTION V. REACTIVITY DATA 'I |

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 tetraoxid 9, silver perchlorate, tetranitromethane, and uranzum
hexafluoride. Contact with these materlals max cause fire or explosion. Nitric acid
and toluenej 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 wzll attack some forms of plastics, rubber,
and coatings. ThermaI decomposition or burning produces carbon dloxide and/or carbon
monoxide.

.... +
' SECTION VI HEALTH HAZARD INFORMATION '! . !

+ -+

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

Summary of risks: Vapors of toluene may cause irritation of the eyes, nose, upper
respiratory tract, and skin. Exposure to 200 ppm for 8 hours causes mild fatigue.
weakness, confusion, lacrimation (tearing), and 9aresthesia (a sensation of prickling,
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 llguid is irrztating
to the e_es and skin. Contact with the eyes may cause transient corneal damage,
conjunctlval irritation, and burns if not promptly removed. Repeated and/or prologged
contact with the skin may cause drying and cracking, lt may be absorbed through the
skin in toxic amounts. Ingestion causes irritation of the gastrointestinal tract and
may cause effects resembllng those from inhalation of the vapor. Chronic
overexposure to toluene may cause reversible kidney and liver injury.

First aid:

Eye contact: Immediately flush eyes, including under eyelids, with
runnin$ water for at least 15 minutes. Get medical
attentzon if irritation persists.$

Skin contact: Immediately flush skin (for at least 15 minutes) while
removinl contaminated shoes and clothing. Wash exposed
area wi£h soap and water. Get medical a£tention ir
irritation persists or if a large area has been exposed.
s

Inhalation: Remove _ictim to fresh air. Restgre and/or.support
breathing as required. Keep vlctzm warm anu quzet. Get
medical _elp._

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

' HEALTH HAZARD INFORMATION continued from page 3 'I I

+ +

Ingestion: Give victim I to 2 glasses of water or milk. Contact a
oison control center. Do not induce vomitin_ unless
irected to do so. Transport victim to a medzcal
facility. Never give anything by mouth to a person who
is unco,scious or convulsing.

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

. ....... +
I

SECTION VII. SPILL, LEAK _n DISPOSAL PROCEDURES ....

Spill / Leak procedures: Notify safety personnel of large spills or leaks. Remove all
sources of heat and _gnition. Provide maximum explosion-proof ventilation. Limit _
access to spill area _o necessary personnel only. Remove leaking containers to safe
piace if feasible. Cleanup personnel need protection against contact with liquid and
znhalation of vapor (_#eesect. 8).

Waste management / Disposal: Absorb small spills with paper towel or vermiculite.
Contain large spills and collect if feasible, or absorb with vermiculite or sand.
Place waste solvent or absorbent into closed containers for disposal using
nonsparking tools. Liquid can be flushed with water to an open holding area for
handling. Do not flus6 to sewer, watershed, or waterway.

Piace in suitable container for disl)osal by a licensed contractor or burn in an
approved incinerator. Consider reclaiming by distillation. Contuinated 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 hazardous waste by the EPA. The EPA

(RCRA)HW No: is U220 (40 CFR 261). The reportable quantity (RQ) is 1000 Ibs/454 kg(40 CFR 117)

-- +
I !

_______SECTIONVIII. SPECIAL PROTECTION INFORMATION

Personal protective equiE_eat:

Goggles: Safety glasses or splash goggles should be worn in ali work areas.

Gloves: Neoprene gloves should be worn.

Respirator: For emergency or nonroutine exposures where the TLV may be exceeded,
use an 9rgan|c chemical cartriage respirator if concentration is less
_nan ZOO pps and an approved canister gas mask or self-contained
breathing apparatus wzth full facepiece if concentration is greater
than 200 ppa.

Page 4 --- SPECIAL PROTECTION INFORMATION continues on page 5 --- Page 4
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: SPECIAL PROTECTION INFORMATION continued from page 4 '

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 _nd local exhaust ventilation to meet TLV requirements.
Ventilatlon z_ns ana other electrical service must be nonspar-king and
have an ex_losign-proof design. Exhaust hoods should have a face
velocity of at least 100 Ifm (linear feet per minute) and be designed
to capture heavy vapor.

Safety stations:
Eyewash stations and safety showers should be readily available in use
and handling areas.

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

. ............ +
t

' SECTION IX. SPECIAL PRECAUTIONS ,

Storage segregation: Store in a cool, dry, well-ventilated area away from oxidizing
aEents, heat, sparks I or open flame. Storage areas must meet OSHA requirements for
class IB flammable liquids. Use metal safety cans for handling smalI a_ounts.
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
handling this compound because it can be absorbed through intact skin in toxic
amounts.

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

ngineering controls: PreplLcement and periodic medical exams emphasizing the liver.
idneys, nervous mysCem, lun_gs, heart, and blood shouldbe proviaed. WorRers exposed

to concentrationl lreater than the action level (50 ppm) should b? examined at least
once a year. Use oT alcohol can aggravate the toxic effects of toluene.

mptied containers contain product residues. Handle accordingly! Toluene isesignated as a hasardous uubstance by the EPA (40 CFR 116)

DOT Class: Flsaa_I: Liqui_ _4 R_2 mater: UN1294Data source codel 1-9, 2, 16, 20, 21, , , 34, 81, 82. CB

Prepared/revised by: Genium Pubishing Corp.

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

April, 1986

Judgements as to.the ,suitability @f information herein for purchaser's purpo,ses are
necessarlly purcnasers responsibility. Therefore, althoudh reasonable care has been
taken in the preparation of such information. Genium PubIishing Corporation extends
no warranties, makes 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 6 --- End of MSDS 317 --- Page 6



Tritium (3H)

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 H2C). 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:

f_= 1.0.
ALI (_Ci) = 8.1 x 104 (HTO).

DAC (btCi/cm3) = 2.2 x 107 (HTO).



Genius Publishin_ Corporation Product: XYLENE (MIXED ISOMERS)
1145 Catal_ Street, ScKenec_ady, MY 12303

, (518) 377-8854 I_D8 No: Genius / 318
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! I

____ SECTION I. MATERIAL IDENTIFICATION ,
/

Trade/Material Name: XYLENE (MIXED ISOMERS)

Other Designations: Xylol, Dimethylbenzene, CsH4(CHa)s; AST}( D843, D845 AND D846;
GE Material DSB9

CAS: 001 330 207

Available from many suppliers, including: EXXON Company USA and Shell Chemical
Company.

+ .... +
• !' SECTION II INGREDIENTS AND HAZARDS ,+

Ingredient Name: Percent: kposure Limits:

Xylene (o, s, p-isomers) >90 8-ht TWA 100 ppm
(skin)** _
or 435 _/m a
Xylene Typical

C7 to C9 Hydrocarbons* <10
Human: Inhalation
TCLo 200 pps

Irritation Effects)

Rat: Oral
LDs0 4.3 g/kg

Human: Oral
LDLo 50 mg/kg

*Material say contain ethylbenzene (8-hr TWA I00 Vim)• traces of toluene, and Co
aromatic & aliphatic hydrocarbons. Some commercial products say contain over 10%
non-xylene h drocarbons mostl sth lben ene.
** Current O_HA staxldaraand A_GIH _1980) TLV. NIO_$Iihas proposed a 10-hr _A of 100
ppm with a 200 ppm ceilinl level (I0 min. mamvle).
8TAIXI$:NCl bioassay tor carcinogenesis stu_ 9/78. TLV set to prevent irritant
effects and CN5 depression.

. ............... ""--"I-- ................ +
' 8_'TION III PHYSICAL DATA '# " I

. .............. _ --.
. .

Appearance • Odor: Llght colered or colorless, mobile liquid with an aromatic odor.
TI_ eecol_/tion threshold (100% of test panel) is about 0.3 pps in
alr_unfatllrued) for xylene.

vBoiling point: 135-145oc*. 1 atm I_aporati ra 0 6 (BuAc=l),., c, 0:,-0.8,
Water solubil'tty):(Z Negligible Z volatile by volume: ca 100

Vapor de=it, (air=lP: 3.7 klecular weight: 106.18

Pe4_,e 1 --- Iq4YSlCAL DATA continues on pm4Je 3 --- Page 1
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I I

__ PHYSICAL DATA continued from page I

* Wider and narrower boiling range materials are commercially available.

+ --- b

' SECTION IV FIRE AND EXPLOSION DATA '
. +

FlsJh Point (method): >77OF (TCC) Limits: LEL Z: I UEL Z: 7

xtinguishing Media: Use dry chemical, foam, CO2, and water autoilinition Tetp:
og or steam to provide a smothering effect on fire. A 867OF

water stream can scatter flames. A spray of water may be
used to cool fire-exposed containers.

Unusual fire or explosion huards: This flammable liquid is a danKerous fire hasard
and a moderate explosion hazard when exposed to heat or flames. _eavier-than-air
vapors can flow along surfaces to distant ignition sources and flamh back•

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

|
, SECTION Y REACTIVITY DATA '• !

4 ---

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

Conditions to avoid: It is flmable (OSHA Clams IC liquid) and can form explosive
mixtures with air. Keep away from 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.

_llillll/llill_lllllllllllllll_llillii_l_lll_llllllllllllllOill'

!

__ SECT_OU Vl. HEALTH HAZARD IH_TIOH '

8usury of risksljI_kala_i_of xylene at the TLV say cause mild irritation and
dizziness in _.wD_. Concentrations from 100-200 ppa say cause nausea,
neaaacne ana __ va_or levels >200 p_ can have_an anesthesic effect•Skin
contact mW proilb irl_ta'r|tation and skin aefatting. Eye contact may cause burning
and _rritatlon: I_e_:_o_oPxTlene may cause p¢isoning• One ounce or more say be
fatal. Aspiration san be a h_ard if this material is swallowed.

Page 2 --- HFJ_TH HAZARD INIe0EI_TION continues on Pale 3 --- Pa4e 2
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llliIliliIlllIliIIliililiiilili ! ....

!

__ HEALTH HAZARD INFORMATION continued from page 2 I
iliIIl" lllIililllliillilililiiliilllililiilllli_

First aid:

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

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

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 cathartzc t but _ induce
vomiting unless directed by a physician.

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

4 . _.

,' SECTION VII. SPILL, LEAK AND DISPOSAL IqEbCED_ES '

Spill / Leak procedurel: Notify safety personnel. Remove all ignition sources.
Provide adequate ventilation. Use vermiculite or sand to absorb spill, scrape up with
nonsparking tools and piace in a covered metal container. The absorbed k_terial say
be burned In an open pzt, or placed in cardboard boxes and burned in an incinerator.
Spilled liquid can be flushed away from sensitive locations with a water stream;
flush to open area D__ to sewer!

Waste mmagement / Dlspgsal: Scrap liquid say be atomized int0.an approved
}ncineratcr t or it say be disp?.se_ of via a licensed solvent disposal coeDany. When
_arge amounts are _nvozved rec_aisation procedures say prove economical° Follow
reoeral, State, and Local regulations.

AQUATIC TOXICITY rating TLm 96: I00-I0 ppm,

. .------------_ _ +
!

aOOTION VMI. SPECIAL _ECTION INFORMATION _|+

Personal pro__4_lJ4_i_"

Goggles: _s_lm_ses or go_les should be used for eye protection.

Gloves: Buna-N rubber gloves should be worn to prevent contact of xylene with
the skin.

P_e 3 --- SPECIAL _ION INI_RATION continues on pa4Je 4 --- Page 3
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SPECIAL PROTECTION INFORV_:!ON continued from page 3

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

Other: aprons should be used.

Workplace considerations:

Ventilation: Provide general ventilation and efficient exhaust ventilation
_explosion-proof equipment) to meet TLV requirements and to control
heavier-than-air vapors. Use >100 1 Irs face velocity for exhaust
hoods.

omprehensive prep and biennial medical examinations to be directed toward,
ut not limited to.acement

I
liver, kidney, gastrointestinal disorders, skin irritation, and

the central nervous system.
Eyewash stations should be readily available to use areas.

....... .
!, SECTION IX. SPECIAL PRECAUTIONS '

--- $

Storage segregatlon: Store in closed containers in a clean, cool, well-ventilated
area, away from sources of heat. sources of ignition and strong 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
xor work in solvent area. No Smoking in areas of use or storage.

Other precautions: Prevent skin contact and remove contaminated clothing promptly.
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

o .

Judgements as to the suitability of information herein for purchaser's purposes are
necessarily purchaser's responsibility. Therefore, although reasonable care has been
taken in the preparation of such information, Genius PubIishing Corporation extends
no warranties, makes 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 4 --- End of NSDS 318 --- Page 4



Appendix D

Trench and Excavation Safety



Chapter XVU -- Occupational Safety and Health Admin. § 1926.650

(2) Decks and other working sur- serving as a guard at the outer edge of
faces shall be maintained in a safe a ship's deck.
condition.

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

(4) Employees shall not be permitted § 1926.650 General protection require.
to walk over deckloads from rail to menU,.

coarning LLnless there is a safe passage. (a) Walkways, runways, and
If tt is necessary to stand at the out- sidewalks shall be kept clear of exca-
board or inboard edge of the deckload rated material or other obstructions
where less than 24 inches of bulwark, and no sidewalks shall be undermined
rail, coaming, or other protection unless shored to carry a minimum live
exists, all employees shall be provided load of one hundred and twenty-five
with a suitable means of protection (125) pounds per square foot.
against falling from the deckload. (b) If planks are used for raised

(d) First-aid and lifesaving equip- walkways, runways, or sidewalks, they
merit. (1) Provisions for rendering first shall be laid parallel to the length of
aid and medical assistance shall be in the walk and fastened together
accordance with Subpart D of this against displacement.
part.

(2) The employer shall ensure that (c) Planks shall be uniform in thick.
there is in the v/cLnity of each barge in nem and all exposed ends shall be pro.
use at least one U.S. Coast Ouard-ap- vided with beveled cleats to prevent
proved 30-inch lifertng with not less trippLng.
than 90 fees of line attached, and at (d) Raised waikways, runways, and
least one portable or permanent sidewalks shall be provided with plank
ladder which will reach the top of the steps on strong stringers. Ramps, used
apron to the surface of the water. If in lieu of steps, shall be provided with
the above equipment is not available cleats to insure a safe walking surface.
at the pier. the employer shall furnish Ce) Ali employees shall be protected
it during the time that he is working with personal protective equipment
the barge, for the protection of the head, eyes,

(3) Employees walking or working on respiratory organs, hands, feet, and
the unguarded decks of barges shall be other parts of the body as set forth m
protected with U.S. Coast Guard-ap- Subpart E of this part.
proved work vests or buoyant vests, if) Employees exposed to vehicu/ar

(e) Commercial diving operation_, traffic shall be provided with and shaU
Commercial diving operations shall be be instructed to wear warning vests
subject to Subpart T of Part 1910, marked with or made of reflectorized
§§ 1910.401-1910.441, of this chapter, or high visibility material.

[39 _ 22801, June 24, 1974. as amended at (g) Employees subjected to hazard-
42 FR 37674. July 22. 1977] otts dusts, gases, fumes, mists, or at-

mospheres deficient in oxygen, shall
§ 1926.606 Definitions applicable to this be protected with approved respira-

subpart, tory protection as set forth in Subpaxt
(a) "Apron"--The area along the wa. D of this part.

terfront edge of the pier or wharf. (h) No person shall be permitted
(b) "Bulwark"--The side of a ship under loads handled by power shovels,

above the upper deck. derricks, or hoists. To avoid any spill.
(c) "Coaming"--The raised frame, as age employees shall be required to

around a hatchway in the deck, to stand away from any vehicle being
keep out water, loaded.

(d) "Jacob's ladder"--A marine ii) Daffy inspections of excavations
ladder of rope or chain with wooden or shall be made by a competent person.
metal rungs. If evidence of possible cave-ins or

(e) "Rail", for the purpose of slides is apparent, ali work in the exca-
§ 1926.605. means a light structure ration shall cease until the necessary
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precautionshave been taken to safe- chored well back of the angle of
guard the employees, repose.When tightsheetingor sheet

piling is used, full loading due to
§1926.651Specificexcavationrequire- ground water tableshallbe assumed,

meats, unless prevented by weep holes or
(a)Prior to opening an excavation, drains or other means. Additional

effortshall be made to determine stringers,ties,and bracingshall be
whether underground installations;provided to allow for any necessary
i.e..sewer,telephone,water,fuel,elec- temporary removal of individualsup-
triclines,etc..willbe encountered,and ports.
ifso,where such underground instal- (g)ALI slopesshallbe excavatedto
lationsare located.When the excava- at leastthe angle ofreposeexceptfor
tionapproachesthe estimatedlocation areas where solidrock allowsfor line
ofsuch an installation,the exactloca- drillingorpre,splitting.
tionshallbe determined and when it (h)The angleof reposeshallbe flat-
isuncovered,propersupportsshallbe tened when an excavationhas water
providedfor the existinginstallation,conditions,siltymaterials,looseboul.
Utilitycompanies shall be contacted ders, and areas where erosion,deep
and advisedof proposed work priorto frostaction,and slideplanesappear.
thestartof actualexcavation. (i)(1)In excavationswhich employ-
(b) Trees, boulders,and other sur- ees may be requiredto enter,excavat-

face encumbrances, locatedso as to ed orother materialshallbe effective-
createa hazard to employees involved lystoredand retainedatleast2 feetor
in excavationwork or in the vicinity more from the edge ofthe excavation.
thereof at any time during operatiorm, (2) As an alternative to the clearance
shall be removed or made safe before prescribed in paragraph (i)(1) of this
excavating is begun, section, the employer may use effec-

(c) The walls and faces of ali excava- tive barriers or other effective retain-
tions in which employees are exposed ing devices in lieu thereof in order to
to danger from moving ground shall prevent excavated or other materials
be guarded by a shoring system, slop- from falling into the excavation.
ing of the ground, or some other (j) Sides, slopes, and faces of ali ex-
equivalent means, cavations shall meet accepted engi-

(d) Excavations shall be inspected by neerlng requirements by scaling,
a competent person after every rain- benching, barricading, rock bolting,
storm or other hazard-increasing oc- wire meshing, or other equally effec.
currence, and the protection against rive means. Special attention shall be
slides and cave-ins shall be increased if given to slopes which may be adverse.
necessary, ly affected by weather or moisture

(e) The determination of the angle content.
of repose _md design of the supporting (k) Support systems shall be planned
system shall be based on careful evalu- and designed by a qtmJified person
ation of pertinent factors such as: when excavation is in excess of 20 feet
Depth of cut; possible variation in in depth, adjacent to structures or Lm-
water content of the material while provements, or subject to vibration or
the excavation is open; anticipated ground water.
changes in materials from exposure to (1) Materials used for sheeting, sheet
air, sun, water, or freezing;, loading inn- piling, cribbing, bracing, shoring, and
posed by structures,equipment, over- underpinningshallbe in good service-
lying material, or stored material; and able condition, and timbers shall be
vibration from equipment, blasting, sound, free from large or loose knots.
traffic, or other sources, and of proper dimensions.

(f) Supporting systems; i.e., piling, (m) SpecM precations shall be t_tken
cribbing, shoring, etc., shall be de- in sloping or shoring the sides of exca-
signed by a qualified person and meet vatlons adjacent to a previously back-
accepted engineering requirements, filled excavation or a fill, particularly
When tie rods are used to restrain the when the separation ix less than the
top of sheeting or other retaining sys- depth of the excavation. Particular at-
terns, the rods shall be securely an- tention _ shall be paid to joints and
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seams of material comprising a face (v) In locations where oxygen defi-
and the slope of such seams and ciency or gaseous conditions are possi-
joints, ble, air in the excavation shall be

(n) Except in hard rock, excavations tested. Controls, as set forth m Sub-
below the level of the base of footing parts D and E of this part, shall be es-
of any foundation or retaining wall tablished to assure acceptable atmos-
shall not be permitted, unless the wall pheric condit!ons. When flammable
is underpinned and all other precau- gases are present, adequate ventilation
tions taken to insure the stability of shall be provided or sources of ignition
the adjacent walls for the protection shall be eliminated. Attended emer-
of employees involved in excavation gency rescue equipment, such as
work or in the vicinity thereof, breathing apparatus, a safety harness

(o) II the stability of adjoining build- and line, basket stretcher, etc., shall
ings or walls is endangered by excava- be readily available where adverse at-
tions, shoring, bracing, or underpin- mospheric conditions may exist or de-
ning shall be provided as necessary to velop in an excavation.
insure their safety. Such shoring, (w) Where employees or equipment
bracing, or underpinning shall be in- are required or permitted to cross over
spected daily or more often, as condi- excavations, walkways or bridges with
tions warrant, by a competent person standard guardralls shall be l_rovided.
and the protection effectively main- (x) Where ramps are used for era-
tamed, ployees or equipment, they shall be

(p) Diversion ditches, dikes, or other designed and constructed by qualified
suitable means shall be used to pre- persons in accordance with accepted
vent surface water from entering an engineering requirements.
excavation and to provide adequate (y) Ali ladders used on excavation
drainage of the area adjacent to the operations shall be in accordance with
excavation. Water shall not be allowed the requirements of Subpart L of this
to accumulate in an excavation, part.

(q) If it is necessary to piace or oper-
ate power shovels, derricks, trucks, §1926.652 Specific trenching require-
materials, or other heavy objects on a ments.
level above and near an excavation, (a) Banks more than 5 feet high
the side of the excavation shall be shall be shored, laid back to a stable
sheet-piled, shored, and braced as nec- slope, or some other equivalent means
essary to resist the extra pressure due of protection shall be provided where
to such superimposed loads, employees may be exposed to moving

(r) Blasting and the use of explosives ground or cave-ins. Refer to Table P-1
shall be performea in accordance with as a guide in sloping of banks. Trench-
Subpart U of this part. es less than 5 feet in depth shall also

(s) When mobile equipment is uti- be effectively protected when exami-
lized or allowed adjacent to excava- nation of the ground indicates hazard-
tions, substantial stop logs or barri- ous ground movement may be expect-
caries shell be installed. If possible, the ed.
grade should be away from the excava- (b) Sides of trenches In unstable or
tion. soft material, 5 feet or more in depth,

(t) Adequate barrier physical protec- shall be shored, sheeted, braced,
tion shall be provided at ali remotely sloped, or otherwise supported by
located excavations. Ali wells, pits, means of sufficient strength to protect
shafts, etc., shall be barricaded or cov- the employees working within them.
ered. Upon completion of exploration See Tables P-l, P-2 (following paxa-
and similar operations, temporary graph (g) of this section).
wells, pits, shafts, etc., shall be back- (c) Sides of trenches in hard or com-
filled, pact soft, including embankment.

(u) If possible, dust conditions shall shall be shored or otherwise supported
be kept to a minimum by the use of when the trench is more than 5 feet in
water, salt, calcium chloride, oil, or depth and 8 feet or more in length. In
other means, lieu of shoring, the sides of the trench

203



§ 1926.652 Title 29-Labor

above the 5-foot level may be sloped to stallation of a removable-type casing
preclude collapse, but shall not be of sufficient strength to resist shifting
steeper than a 1.foot rise to each _- of the surrounding earth. Such tempo.
foot horizontal. When the outside di- rary protection shall be provided for
ameter of a pipe is greater than 6 feet, the fuU depth of that part of each pier
a bench of 4-foot minimum shall be hole which is above the bell. A lifeline,
provided at the toe of the sloped pot- suitable for instant rescue Lnd secure-ly fastened to a shoulder harness,tion.

(d) Materials used for sheeting and shall be worn by each employee enter-
sheet piling, bracing, shoring, and un- ing the shafts. This lifeline shall be in-
derpinning, shall be in good servicea- dividually manned and separate fromany line used to remove materials ex-
ble condition, and timbers used shall cavated from the bell footing.
be sound and free from large or loose (g)(1) Minimum requirements for
knots, axtd shall be designed and in- trench timbering shall be in accord-
stalled so as to be effective to the ance with Table P-2.
bottom of the excavation. (2) Braces and diagonal shores in a

(e) Additional precautions by way of wood shoring system shall not be sub-
shoring amd bracing shall be taken to jected to compressive stress in excess
prevent slides or cave-ins when excava- of values given by the following for-
tions or trenches axe made in locations mula:
adjacent to backfllled excavations, or S=13--20L/D
where excavations are subjected to vi. M_traum ratio L/D f50
brations from railroad or highway Where:
traffic, the operation of machinery, or L=Length, unsupported, in inches.
any other source. D= Leut side of the timber in inches.

(f) Employees entering bell-bottom S=Atlowable stress in pounds per square
pier holes sh_l be protected by the in- inch of cross-section.
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(h) When employees are required to formed by earth removal and produc-
be in trenches 4 feet deep or more, an ing unsupported earth conditions by
adequate means of exit, such as a reasons of the excavation. If installed
ladder or steps, shall be provided and forms or similar structures reduce the
located so as to require no more than depth-to-width relationship, an exca-
25 feet of lateral travel, ration may become a trench.

(i) Bracing or shoring of trenches (g) "Faces"--See paragraph (k) of
shall be carried along with the excava- this section.
tion. (h) "Hard compact soll"--All earth

(j) Cross braces or trench jacks shall materials not classified as running or
be placed in true horizontal position, unstable.
be spaced vertically, and be secured to (i) "Klckouts"--Accidental release or
prevent sliding, falling, or kickouts, failure of a shore or brace.

(k) Portable trench boxes or sliding (j) "Sheet pUe"--A pile, or sheeting,
trench shields may be used for the that may form one of a continuous in-
protection of personnel in lieu of a terlocking line, or a row of timber,
shoring system or sloping. Where such concrete, or steel piles, driven in close
trench boxes or shields are used, they contact to provide a tight wail to resist
shall be designed, constructed, and the lateral pressure of water, adjacent
maintained in a manner which will earth, or other materials.
provide protection equal to or greater (k) "Sides", "Walls", or "Faces"--
than the sheeting or shoring required The vertical or inclined earth sur.faces
for the trench, formed as a result of excavation work.

(1) Backfilling and removal of trench (1) "Slope"--The angle with the
supports shall progress together from horizontal at which a particular earth
the bottom of the trench. Jacks or material will stand indefinitely with-
braces shall be released slowly and, in out movement.
unstable soil, ropes shall be used to (m) "Stringers" (wales)--The hori-
pull out the jacks or braces from zontal members of a shoring system
above after employees have cleared whose sides bear against the uprights
the trench, or earth.

(n) "Trench"--A narrow excavation
§ 1926.653 Definitions applicable to this made below the surface of the ground.

subpsrt. In general, the depth is greater than
(a) "Accepted engineering require- the width, but the width of a trench is

merits (or practices )"--Those require- not greater than 15 feet.
ments or practices which are compatlo (o) "Trench jack"--Screw or hydrau-
hie with standards required by a regis- Uc type jacks used as cross bracing in a
tered architect, a registered profes- trench shortng system.
sional engineer, or other duly licertsed (_) "Trench shield"--A shoring
or recognized authority, system composed of steel plates and

(b) "Angle of repose"--The greatest bracing, welded or bolted together,
angle above the horizontal plane at which support the walls of a trench
which a material will lie without slid- from the ground level to the trench
ing. bottom and which can be moved along

(c) "Bank"--A mass of soil rising as workprogresses.
above a digging level. (q) "Unstable soir'--Earth material,

Cd) "Belled excavation"--A part of a other than running, that because of its
shaft or footing excavation, usually nature or the influence of related con-
near the bott_Ll and bell-shaped; i.e., ditions, cannot be depended upon to
an enlargement of the cross section remain in piace without extra support,
above, such as would be furnished by a

(e) "Braces (trench )"--The horizon- system of shoring.
tal members of the shoring system (r) "Uprights"--The vertical mere.
whose ends bear against the uprights berg of a shoring system.
or stringers. Cs) "Wales"--See paragraph (m) of

(f) "Excavation"--Any rnanmade this section.
cavity or depression in the earth's sur. (t) "Walts"--See paragraph (k) of
face, including its sides, walls, or faces, this section.
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from the area to be heated to prevent (d) Safety requirements for special
ignition, equipmen_ Safety requirements for spe-

(c) Protection against toxic preserva- cial equipment are contained Ln
tire coatings: (1) In enclosed spaces, § 1926.441.
all surfaces covered with toxic preset- (e) Definitions. Definitions applicable
vatives shall be stripped of all toxic to this Subpart are contained tn
coatings for a distance of at least 4 § 1926.449.
inches from the area of heat applica-
tion, or the employees shall be pro- § 1926.401 _ed.]
tected by air line respirators, meeting
the requirementsof Subpart E of this InstallationSafetyRequirements

part.
(2)In the open air,employees shall §1926.402Applicability.

be protectedby a respirator,inaccord- {a) Covered. Sections 1926.402
ance with requirementsof Subpart E through 1926.408 contain installation
of this part. safety requirements for electrical equip-

(d) The preservative coatings shall meat and installations used to provide
be removed a sufficient distance from electric power and light at the jobsite.
the area to be heated to ensure that These sections apply to installations,
the temperature of the un,stripped both temporary and perrnanent, used on
metal will not be appreciably raised, the jobsite; but these sections do not
Artificial cooling of the metal sur- apply to existing, permanent instaUa-
rounding the heating area may be tions that were m place before the
used to limit the size of the area re- construction activity commencecL
quired to be cleaned. NOTE:If tlm _adcal installation is made

Subl_rt K--Electrical in _ccorcla_e with the National ElectricalCode ANSI/NFPA 70-1984. exclusive of For-
realInterpretationsand TentativeInterim

General _=endmear_, it will be deemed to be in
compliance with §§ 1926.403 through

§1926.400 Introduction. 1926.408, except for _ 1926.404(b_I) and

This subpart addresses electrical 1926.405(a){2){ii){E),(F},(G),and(J).
safetyrequirementsthat are necessary (b)Not covered Sections 1926.402
forthepracticalsafeguardingof.employ- through1926.408do not coverinstalla-
eesinvolvedinconstructionworg ana is tionsused forthe generation,transmis-
dividedinto four major divisionsand aion,and distributionofelectricenergy,
applicable definitions as follows: including related communic_t:on, meter-

(a) Installation safety requirements, rag,"control and transform_:,on instaUa-

Installation safety require'ments are _- tions. (However, these regulations dotamed in §§ 1926.402through1926. • coverportableand vehicle-mountedgen-
Included in this category are electrical erators used to provide power for equip-
emnvment and installations used to pro- ment used at the jobsite.) See Subpart

electric power and light on jobsites. V of this Part for the construction of

(4)) Safety-related work practices. ._er distribution and transmissionSafety-related work practices are con- •
tamed in §§ 1926.416 and 1926.417. In

addition to covering the hazards arising § 1926.403 _ requirements.from the use of electricity at jobsites,
these regulations also cover the hazards (a) Approval Ali electrical conductors
arising from the accidental contact, di- and equipment shall be approved.

(biEx.amimzt_o_installation, and userect or indirect, by employees with
enermzed lines, above or below ground, of equipment--(1) Examing. tio_ The em-
pass_mg through or near the jobsite, ployer shall ensure that el_tric_ equi_

maintenance and en- ment is free from reco_zed nazaras(c) Safety-related
causeuironment_d considerations. Safety- that are likely to ,h or seriouscleat

related maintenance and environmental physical harm to employees. Safety of
considerations are contained in equipment shall be determined on the
§§ 1926.431 and 1926.432. basis of the following considerations:
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(i)Suitabilityforinstallationand use firstbe so splicedor joinedas to be
inconformitywith theprovisionsofthis mechanically and electricallysecure

• without solderand then soldered.AllsubparL Suitabilityofeqmpment foran
identifiedpurpose may be evidencedby splicesand jointsand the freeends of
listing,labeling,or certificationforthat conductors shallbe covered with an
identifiedpurpose, intuitionequivalentto thatof thecon-
{ii}Mechanical strengthand durabil- ductors or with an insulatingdevice

ity,including,for parts designed to designedforthepurpose.
encloseand protectother equipment, {f)Arcing parts. Parts of electric
the adequacy of the protectionthus equipment which in ordinaryoperation
provided, prooucearcs,sparks,flames,or molten

{iii) Electrical insulation, metal shall be enclosed or separated and
{iv)Heating effectsunder conditions isolatedfrom allcombustiblematerial.

ofuse. {g)Marking. Electricalequipment
{v)Arcingeffects, shall not be used unless the
{vi)Classificationby type,size,volt- manufacturer'sname, trademark, or

age,currentcapacity,specificuse. otherdescriptivemarking by which the
{vii)Other factorswhich contributeto organizationresponsiblefortheproduct

the practicalsafeguardingof employ.ees,may be identifiedisplacedon theequip-
using _ likelyto come incontactwith merit and unless other markings are
the eqmpment, provided "ring voltage, current, watt-
{2)Installation and us_ Listed, la- age,or oSer ratingsas necessary.The

beled, or cpxtified equipment shall be marking shall be of sufficient durabilityinstalled and used in accordance with to withstand the en .,ironment involved.
instructions included in the listing, la- (h) Identification of disconnecting
beling,orcertification. . means and circuits.Each disconnecting
{c)Interruptingrating.Equipment in- means requiredby thissubpartformo-

tended to break currentshallhave an tors and appliancesshallbe legibly
marked to indicateits unlessinterrupting rating at systecv_ volta_ purpose, .

sufficient for the current tha_ must be located and arranged so the purpose zs
in_erruptecL evident• Each service, feeder, and

{d} Mounting and cooling of equil_ branch circuit, at its disconnecting
ment.-{1} Mounting. Electric equipment means or overcurrent device, shall be
shall I_, firmly secured to the surface On legibly marked to indicate its purpose,
which it is mounted. Wooden plugs unless located and arranged so the put-
driven into hol in masonry,concrete, pose is evident.Thesemarkingsshall be

Of r.tfficient durability to withstand thevlaster, or s_-_l-- __-iab shall not be
environment involved.

{2) Cooling• Electrical equipment {i) 6_0 Volt_. nominat or less This
which _ds upon the natural circtfla- p_h applies to equipment operat-
tion of mr and convection principles for lng_at 600 vdl-ts, nominal, or less.
coo_ of exposed surfaces shall be (1) Working space about electric equit_
_stallbd so that room air flow over such ment. Sufficient access and working
surfaces is not prevented by walls or by space shall be provided and maintained
adjacent installed equipment. For equip- about ali electric equipment to permit
ment designed for floor mounting, dear- ready and safe operation and mainte
ance between top surfaces and adjacent nance of such equipment.
surfaces shallbe provided to dissipate (i) Working c_e_ Except as .re-
rising warm air.EI_ equipment quired or permi'tted elsewhere in this

be ___t_t __ _ space in the directionof access to live
structionsdo not preventthe freecircu- partsoperatingat 600 voltsorless_and
ration of air through the equipment, likely to require examination, adjust-

(e) Splices. Conductors shall be ment, servicing, or maintenance wrme
spliced or joined with splicing devices alive shall not be less than indicated in
desisned for the use or by brazing, Tabl_ K-1. In addition to the dimen-
welding, or soldering with a fusible sior shown in Table K-l, workspace
metal or alloy.Solderedsplicesshall shad not be lessthan 30 inches{762
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mm) wide in frontof the electricequip- equipmentoperatingat 50 voltsormore
ment. Distancesshallbe measured from shallbe guarded againstaccidentalcon-
the liveparts ifthey are exposed,or tactby cabinetsorotherforms ofenclo-
from the enclosurefrontor openingif sures,or by any ofthefollowingmeans:
the liveparts are enclosed.Walls con- (A) By locationin a room, vault,or
strucr_dof concrete,brick,or tileare similarenclosurethatisaccessibleonly
consideredto be grounded. Working toqualifiedpersons.
space isnot requiredin back of assem- (B) By partitionsor screensso at-
blisssuch as dead-frontswitchboardsor ranged that only qualifiedpersonswill
motor controlcenterswhere thereare have accesstothe spacewi_thinreachof

no renewableor adjustableparts such the liveparts.Any o_e_n_e in suchas fusesor switcheson the back and partitionsor screenss so sized
where all connections are accessible and locatedthatpersonsare not Likely
from locationsotherthan theback. to come intoaccidentalcontactwith the

livepartsortobringconductingobjects
TASLEK-I--WORKINGCLEARANCES into contact with them.

(C) By location on a balcony, gallery,
or platform so elevated and arranged as

Mi.,mumco_,_..z_._, _x to exclude unqualified vsons.som._ _o,_e to_oun< lD) By elevation of feet (2.44 m) or
(a) (v) (c) more above the floor or other working
_, F..¢, F._ sur/aceand so installedas to exclude

o-,so ................... s 3 3 unqualifiedpersons.
Is,-eo................. a a _ , iii)In locationswhere electricequip
'_ (a).(b),._ (c_m ,,-,s_.s:(_0_ ,_. meat would be exposed to physicaldarn-

_sonon._an_noIM.=0_n_0_.rmonmoo._ age, enclosuresor guards shallbe so
m. _ _,*o_,ng_o_.,or,,_,_,_.p._on_o__ arranged and of such strengthas to
,_._ w_ w ,_w ._._ .n._w_ w. o, prevent suchdamage.,rmulateai_._b_n operating al not _ 300 vons are not
_.o _.__.,. (_)e.oo.__ _ onon._¢.._ {iii) Entrances to rooms and other

_o.n_ _ on_,o._ _..(c)_ _._ on [ivgUerdedlocationscontainingexposed_o_s<.__ _. _ [_ _ m _ ,_ partsshallbe marked with conspic-Co_a_n (a))w_ mo ocerm_"between.
_o_,_,_._,_ s_ _ u_ Is_: on._o_. 0_o_m uous warning signs forbidding unquali-

fied persons to enter.
(ft) Clear spaces. Working space re- (J) Over 600 volts, nominal.--(1) Gen-

quired by this subpart shall not be used erat Conductors and equipment used on
600 volts,nominal.for storage.When normally enclosed circuitsexceeding

livepartsare exposedforinspectionor shallcomply with allapplicableprovi-
servicing, the working space, if in a sions of paragraphs (a)through (g)of
passagewayor generalopen space,shall thissectionand with the followingp_o-
be jLuarded, visionswhich supplement or modify

(iii) Access and entrance to working those recluirements. The provisions of
space. At least one entrance shall be paragraphs (iX2), (j){3), and (iX4) of this
provided to give access to the working section do not apply to equipment on
spaceabout electric equipment, the supply side of the service conduc-

(iv) Fro_ working space. Where there tors.
are live parts normally exposed on the (2) Enclosure for electrical installa.
front of switchboards or motor control t_on._ Electrical installations in a vault,
centers, the working space in front of room, closet or in an area surrounded by
such equipment shall not be less than 3 a walL screen, or fence, access to which
feet {914mm). iscontrolledby lockand key or other

(v) Headroom. The minimum head- equivalent means, are considered to be
room of working spaces about service accessible to qualified persons only. A
equipment, switchboards, panelboards, wall screen, or fence less than 8 feet
or motor control centers shall be 6 feet {2.44 m) in height is not considered
3 inches(1.91m). adequatetopreventaccessunlessithas

(2) Guarding of live parts.--(i) Except other features that provide a degree of
as required or permitted elsewhere in isolation equivalent to an 8-f0ot (2.44-tm
this subpart, live parts of electricalfence. The entrancesto allbuildings,
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rooms or enclosures containing exposed switchboards or control assemblies
livepartsor exposedconductors0perat- where thereare no renewableor adjust-

ing at over 600 volts,nominal,shallbe able_ac_S{suchas fusesor switches}onkept lockedor shallbe under the obser- the and where allconnectionsare
vationof a qualifiedpersonat alltimes, accessiblefrom locationsotherthan the

{i) Installations accessible to qualified back. Where rear access is required to
persons only. Electrical installations work on de-energized parts on the back
having exposed live parts shall be acces- of enclosed equipment, a minimum
sible to qualified persons only and shall working space of 30 inches (762 mm)
comply with the applicable provisions of horizontally shall be provided.
paragraph (jX3) of this section.

(ii) Installa_.ons accessible to unquali- TABLEK-2.--MINIMUM DEPTH OF
fled persons.Electricalinstallationsthat CLEARWORKINGSPACE IN
are open to tmquaJJ_edpersonsshallbe FRONTOF ELECTRICEQUIPMENT
made with metal-eaclosedequipment or

shallbe enclosedin a vaultor in an _.,,._,,=_to_.,_ co_._,'
area,accessto which iscontrolledby a
lock. Metal-enclosedswitchgear,unit (=) (b) (c)
substations,transformers,p_! boxes, Fe.d F_ Fee_
connectionboxes,and other similaras- 6oI_ =.soo...............3 4 s
sociatedequipment shall be marked 2.so1_9,0eo............., s s
withappropriatecautionsigns.Ifequip 9,001_as.m0............s e 9

to phy a_ zs.0ol7skv...........s 8 10
ment is exposed sical dam to
from vehiculartraffic,guards shall _=_v ............... s 10 12
provided to prevent such damage. Ven- ,_ (,).(b).,_ (¢),m ==uk_,_:(=)E_ _,
tilating or similar oPemngs" in. metal- _= onone=do=henoa_ orgmu_ J m_s ont_ ot_
encl_.,edequipmentshallbe d_ned so _ _ mo_ m. or.x_ ,__ o_b=hs_N,s
that foreign objects inserted through _ _ w _ minim. ,_u,,t_ ,,,_ o_immloeed_ _ at no( ove_300 vo_ are not
these openings will be deflected from _ _ pr=. _) _ _ pa,=onone_
ener_ parts. _ _ on _ _ ==. w_ co_=_=t_cbe gmonOed surfaces

(3) Workspace about equipmen_ Suffi- r==_=m.=_=._o,= u__oc_ ,_ _e [_oIcient space shall be provided an main- () _ ' Par=guard_l u _ m _mclitme (a)] w_ tr_ overato¢
rained about electric equipment to per- _,_.
mit ready and safe operation and =_=su.=:o_=x.0._u_.
maintenance of such equipment. Where (ii) Lighting outlets and points of con-
energizedparts are exposed, the mini- troL The lightingoutletsshallbe so
mum clear- wor_ shallnot be .l_s arranged that persons changing lamps
than 6 feet 6 mcl_es (1.98 ml high or _ r_pairs on the lighting sys-
{measured vertically from the floor or tem will not be endangered by live parts
platform), or less than 3 feet .{914 mm) or other equipment. The points of con-
wide (measured parallel to the equip- trol shall be so located that persons are
menU. The depth shall be as required m not likely to come in contac.t with any
Table K-2. The workspace shall be ad_ live par t or moving part ot tl_e equip
quate to permit at [east a 90_egree meat while turning on the lights.
opening of doors or hinged panels. (iii) Eleuation of unguarded liue parts.

{i) Working space. The minimum clear Unguarded live parts above working
workingspacein frontofelectricequip- space shallbe maintainedat elevations
ment such as switchboards,controlpan- not lessthan specifiedin Table K-3.
els;switches,circuitbreakers,motor
controllers,relays,and similarequip- T_m.EK--3ELEWT_mOFU_UA_OED
ment shallnot be lessthan specifiedm ENF.RG_=O PA.qTS ASOVE WORKING SPACE
Table K-2 unless otherwise specified in _ _ _.um _,_
this subpart. Distances shall be mea- s,a,=__
sured from the live parts if they are eOl-?.r,oo 8_e_..'
ex .po_ or from the enclosure front or 7.so_-_s.ooo 9_

_emng ii' the Live parts are enclosed, o_ _ev _i,=.O.ST_=,owever, working space is not rvclmrecl m,_v_ _s=v
in back of equipment such as deadfront '_x s__: on,_ - as.__m:on,_ - o3o48m
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(4)Entranceand accessto workspace, faultcircuitinterruptersfor personnel
At leastone entrancenot lessthan 24 protection.Receptacleson a two-wire,
inches {610 mm) wide and 6 feet6 single-phaseportableor vehicle-mounted
inches(1.98m) highshallbe providedto generatorrated not more than 5kW,
_ve accessto the working space about where the circuitconductorsof thegen-
ectricequipment.On switchboardand eratorare insulatedfrom the generator

controlpanelsexceeding48 inches{1.22 frame and allothergrounded surfaces,
m) inw_dth,thereshallbe one entrance need not be protectedwithground-fault
ateach end ofsuch board where practi- circuitinterrupters.
cable. Where bare energized parts at {iii) Assured equipment grounding
any voltage or insulated energized parts conductor prograr_ The employer shall
above 600 volts are located adjacent to establish and implement an assured
such entrance, they shall be guarded, equipment grounding conductor pro-
{Information collection requirements gram on construction sites covering ali
containedinparagraphs(g)and (h)were cord sets,receptacleswhich are not a
approved by the Officeof Management part of the buildingor structure,and
and Budget under control num- e_.'l_mentconnectedby cord and plug
ber:1218-0130.) which are availableforuse or used by

employees.This program shallcomply
§ 1926.404 Wiring design and protection, with the following nnntmum'" reqmre-

(a) Use and iden_ficarion of grounded merits:
and groundingconductors.-- (A) A writtendescriptionof the pro-
(l)Identification of conductors. A including the specific procedures

conductor used as a grounded conductor a_doa_tedby the employer, shall be avail-
shall be identifiable and distinguishable able at the jobs{re for inspection and
from ali other conductors. A conductor copying by the Assistant Secretary and
used as an equipment grounding con- any affected employee.
ductor shall be identifiable and distin- (B} The employer shall designate one
guishablefrom allotherconductors, or more competent pe._ons(as.defined
(2) Polarity of connections. No in § 1926.32(f})to implement the pro-

grounded conductorshallbe attachedto gran_
any terminalor lead so as to reverse (C)Each cord set,attachment cap,

designatedpolarity., any equipment connectedby cord and• (3)Use of grounding terminalsand plug and receptacleof cord sets,and
devices. A grounding terminal or plug,except cord setsand receptacles
grounding-typedeviceon a receptacle,which are fixed and not exposel to
cordconnector,orattachmentplugshall damage, sh_, be visuallyinspectedbe-
not be used for purposes other than foreeachday s use forexternaldefects,
grounding. _ such.as deformed or ,m_sing.,pinsor

{b) Branch c/rcu/ts.--(1) Ground-fault insulation damage, ana xor m_caclons
protection--({) General The employer of possible in_ dam.age. Equipment
shall use either grotmd-fault circuit in- found damaged or defective shall not be
terru_ters as sl_ed in paragraph used until mpair_
(b)(l)(ii) of this section or an asmared (D) The foUowing tests shall be per-

on all cord sets,receptacles
equipment grounding conductor pro- formed
gram as spe_fiedin paragraph(b}41}_iii)which are not a partof the permanent
of thissectionto protectemployeeson wiringof thebuildingor structure,and
constructionsites.These reqmrements cord-and plug-connectedequipment re-
are in additionto any other require- quiredtobegrounded:
ments forequipmentgroundingconduc- {I)All equ/pment_groundingconduc-
tors. torsshallbe testedforcontinuityand

(ii) Ground-fault circuit interrupters, shall be electrically continuous.

Ali 120-volt, single-phase, 15- and 20- (2) Each _ and attachment
ampere receptacle outlets on c0ns_c- cap or plug be tested for co,ect
tion sites, which are not a part .oi the attachment of the equipment grOUnc_."g
permanent wiring of the building or conductor. The equipment groun g

conductor shall be connected to itsstructureand which are in use by em-
vloyees,shallhave approved ground- properterminal
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(Z) ALI reqtLil_ t_st,8 sh AlI be psr- TABLE K--d---RECEPTACLE RATINGS FOR
formed: v,m,:xJsS_ Cmcurrs

(1) Before first use; c+_u,rating Rect_tacle rat,ng
(2) Before equipment is returned to aml_,u amDeres

service following any repairs;
(3) Before equipment is used after any is N=o_ iS

incident which can be reasonably sus- 2o _so,20
pectedto have caused damage (for ex- 3o 3040 40or50
ample,when a cordsetisrun over); and so so
{4)At intervalsnot to exceed 3

months,exceptthatcordsetsand recep sectionapply to branch circuit,feeder,
tacleswhich are fixedand not exposed and serviceconductorsrated600 volts,
to damage shallbe testedat intervals nominal,or lessand run outdoors as
notexceeding6 months, open conductors.
{F)The employer shall not make (i)Conductors oa poles.Conductors

availableor permit the use by employ- supportedon polesshallprovidea hori-
eesof any equipmentwhich has notmet zontalclimbingspacenot lessthan the
the requirements of this paragraph following:.
(b)(1)(iii)ofthissection. {A) Power conductorsbelow cornmu-
{G) Tests performed as requiredin nication conductors--30 inches (762

this paragraph shall be recorded. This mm).
test record shall identify each recepta- (B) Power conductors alone or above
cle, cord set, and cord- and plug- communication conductors: 300 volts or
connected equipment that passed the less--24 inches (610 mm); more than 300
test and shall indicate the last date it volts--30 inches {762 mm).
was tested or the interval for which it (C) Communication conductors below
was teste_ This record shall be kept by power conductors: with power conduc-
means of logs, color coding, or other tots 300 volts or less--24 inches {610
effective means and shall be maintained mm); more than 300 volts--30 inches
until replaced by a more current record. (762 mm).
The record shall be made available on (ii) Clearance from ground. Open con-
the jobsite for inspection by the Assis- ductors shall confo.,Tn to the following
rant Secretaw and any affected eta- minimum clearances:
ployee. (A) 10 feet {3.05 m)--above finished

(2) Outlet devices. Outlet devices shall grade, sidewalks, or from any platform
have an ampere rating not less than the or projection from which they might be
load to be served and shall comply with reachecL
the following:. (B) 12 feet (3.66 m)--over areas sub-

(i) Single receptacles. A single recep ject to vehicular traffic other than truck
tacleinstalledon an individualbranch traffic.
circuitshallhave an ampere ratingof {C) 15 feet{4.57m)--overareasother
not lessthan thatof the branchcircuit,than those specifiedin paragraph

(ii) Two or more receptacles. Where (cXIXiiXD)of this section that are subject
connected to a branch circuit supply to truck traffic.
two or more receptacles or outlets, re- (D) 18 feet {5.49 m)--over public
ceptacle ratings shall conform to the streets, alleys, roads, and driveways.
values listed in Table K-4. (iii) Clearance from building openings.

(iii) Receptacles used for the connec- Conductors shall have a clearance of al;
tion of motors. The rating of an attach- least 3 feet (914 mm) from windows,
ment plug or receptacle used for cord- doors, fire escapes, or similar locations.
and plug-connection of a motor to a Conductors run above the top level of a
branch circuit shall not exceed 15 am- window are considered to be out of
peres at 125 volts or 10 amperes at 250 reach from that window and, therefore,
volts if individual overload protection is do not have to be 3 feet (914 mm) away.
omitted. (iv) Clearance over roofs.Conductors

(c) Outside conductors and lamps-- above roof s ace accessible to employ-
(1) 600 volts, nomina_ or less. Para- ees on foot ;_al] have a clearance from
graphs (cXIXi) through (cXl)(iv) of this the highest point of the roof surface of
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not lessthan 8 feet{2.44m) vertical (i)Guarding.Service-entranceconduc-
clearancefor insulatedconductors,not tots installedas o n " shallbe
lessthan 10 feet(3.05m) verticalor guarded to make t_eemwiresaccessibleonly
diagonalclearancefor coveredconduc- toqualifiedpersons.
tors, and not less than 15 feet (4.57 m) {ii) Warning signs. Signs warning of
for bare conductors, except that: high voltage shall be posted where un-

{A) Where the roof space is also ac- authorized employees might come in
cessible to vehicular traffic, the vertical contact with live parts.
clearanceshallnot be lessthan 18 feet (e)Overcurrent protection--(1)600
{5.49m),or volts nomina_ or less.The following
(B)Where the roofspace is not nor- requirementsapply to overcurrentpro-

reallyaccessibleto employees on foot, tectionof circuitsrated600 volts,norni-
fullyinsulatedconductorsshallhave a nal,orless.
verticalor diagonalclearanceof not less (i) Protectionofconductorsand equip-
than3 feet(914mm), or ment. Conductors and equipment shall
(C)Where the voltagebetween con- be protectedfrom overcurrentinaccor-

ductorsis300 voltsorlessand theroof dance with theirabilityto safelycon-
has a slopeoi not lessthan 4 inches ductcurrent.Conductorsshallhave suf-
{102 mm) in 12 inches {305mm), the ficientampacitytocarrytheload.
clearancefrom roofsshallbe at least3 (ii)Grounded conductors.Except for
feet(914mm), or motor-running overload protection,
{D) Where the voltagebetween con- overcurrentdevicesshallnot interrupt

ductors is 300 volts or lessand the the continuityof the grounded conduc-
conductorsdo not pass over more than tor unlessallconductorsof the circuit
4 feet{1.22m) of the overhang po.rtion areopenedsimultaneously.
of the roof and they are terminated-at a {iii) Disconnection of fuses and ther_
through-the-roof raceway or support, the real cutouts. Except for devices pro-
clearance from roofs shall be at least 18 vided for current-limiting on the supply
inches (457 mm). side of the service disconnecting means,

2 Location of outdoor lamps Lamps ali cartridgean_Sesth which are accessiblefor outdoor lighting shall be located to other qualified persons and ali
below ali live conductors, transformers, fuses and thermal cutouts on circuits
or other electric equipment, unless such over 150 volts to ground shall be pro-
equipment is controlled by a disconnect- vided with disconnecting means. The
ing means that can be lockedin the disconnectingmeans shallbe installed
open positionor unlessadequateclear- so thatthe fuseor thermalcutoutcan
ances or othersafeguardsare provided be disconnectedfromitssupplywithout
for relamping operations, dim-upting service to equipment and cir-

(d) Services--(1) Disconnecting cuits unrelated to those protecteci by
means--(i) General Means shall be pro- the overcurrent device.
vided to disconnect ali conductors in a (iv) Location in or on premises.
building or other structure from the Overcurrent devices shall be readily ac-
service-entrance conductors. The discon- cessible. Over_nt devices shall not
necting means shall plainly indicate be located where they could create an
whether it is in the ope n or closed employee safety hazard by being ex-
position and shall be installed at a posed to physical damage or located in
readily accessible location nearest the the vicinity of easily ignitible material.
point of entrance of the serviceentrance {v) Arcing or suddenly moving parts.
conductors. Fuses and circuit breakers shall be so

(ii) Simultaneous opening of poles, located or shielded that employees will
Each service disconnecting means shall not be burned or otherwise injured by
simultaneously disconnect ali un- their o_p_e'ation
grounded conductors. (vi) Circuit breakers. (A) Circuit

(2) Servicesover 600 volts, nomiruK breakers shallclearlyindicatewhether
The followingadditionalrequirements they are inthe open {off)or closedIon)

an_.lyto servicesover 600 volts,nomi- position.(B)Where circuitbreakerhandleson
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switchboards are operated vertically that has a primary voltage rating less
ratherthan horizontallyor rotationally,than 1000 volts,provided allof the
the up positionof the handle shallbe follo_ conditionsaremet:
theclosed(on)position. {A) The system isused exclusivelyfor
(C)If used as switchesin 120-volt, controlcircuits,

fluorescentlighting circuits,circuit (B) The conditionsof maintenance
breakersshallbe marked "SWD.' and supervisionassurethatonly quali-

{2) Over 600 volts, nominal Feeders fled persons will service the installation,
and branch circuits over 600 volts, nora- {C) Continuity of control power is re-
inal, shall have short-circuit protection, quired, and

{f) Grounding. Paragraphs (ft(l) (D) Ground detectors are installed on
through {f)(ll) of this section contain thecontrol systern_
groundin_ requirements for systems, cir- (2) Separately derived systems. Where
cults, and equipment, paragraph (ft{I) of this section requires

{1) Systems to be grounded The fol- grounding of wiring systems whose
lowing systems which supply premises power is derived from generator, trans-
wiringshallbe grounded: former,or converterwindingsand has

(i) Three-wire DC systems. Ali 3-wire no direct electrical connection, including
DC systems shall have their neutral a solidly connected grounded circuit con-
conductor grounded, ductor, to supply conductors originating

{ii) Two-wire DC systems. Two, wire in another system,_ paragraphs (til5) of
DC systems operating at over 50 volts this section shall also apply.
through 300 volts i:_tween conductors (3) Portable and vehicle-mounted gen-
shall be grounded unless they are erators--(i)Portablegenerators.Under
rectifier-derivedfrom an AC system the followingconditions,the frame of a
complying with paragraphs {fl(1)(iii),portable generator need not be
{t){l)(iv),and (f){l){v)of this section, grounded and may serveas theground-

(iii) AC circuits, less than 50 volts, ing electrode for a system supplied by
AC circuits of less than 50 volts shah the generator.
be grounded ff they are inst_]led as (A) The generator supplies only equip
overhead conductors outside of build- ment mounted on the generator and/or
ings or if they are supplied by trans- cord- and plug-connected equipment
formers and the transformer primary through receptacles mounted on the
supply system is ungrounded or exceeds generator, and
150 voltsto ground. (B) The noncurrent-carryingmetal

(iv) AC systems, 50 volts to 1000 parts of equipment and the equipment
volta AC systeJ_ of 50 volts to 1000 groundJag conductor terminals of the
volts shall be _ded under any of the receptacles are bonded to the generator
following conditions, unless exempted
by paragraph (f)(1Xv) of this section: (ii) Vehicle-mounted generators. Under

(A) If the system can be so grounded the following conditions the frame of a
that the maximmn voltage to ground on vehicle may serve as the grounding
the ungrounded conductors does not electrode fo¢ a system supplied by a
exceed 150 volts; generator located on the vehicle:

{B) If the system is nominally rated (A) The frame of the generator is
480Y/277 volt,, 3-phase, 4-wire in which bonded to the vehicle flame, and
the neutralisused as a circuitconduc- (B) The generator supph_esonlyequip
tor, meat locat_ on the vem_e and/or cord-

(C) If the system is nominally rated and plug-connected equipment through
240/120-volt,3-phase,4-wire in which recep_ mmmted on the vehicleor
the midpointof one phase isused as a on thegenerator,and
circuit conductor, or (C) The noncurrent-carrying metal

(D) If a service conductor is uninmd- parts of equipment and the equipment
ated. _'oundin_ conductor terminals of the

(v) Exceptions. AC systems of 50 _eptacl_ are bonded to the generator
voltsto 1000 voltsare not requiredto frame, and
be grounded ii the system isseparately (D) The system complies with all
derivedand issuppliedby a transformer otherprovisionsofthissection.
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{iii) Neutral conductor bonding_ A contact with ground, grounded metal,
neutral conductor shall be bonded to the metal laths, or other conductive materi-
generator frame if the generator is a als; and
component of a separatelyderivedsys- {3)Enclosures are guarded against
tem. No other conductor need be employeecontact.
bonded to thegeneratorframe. (ii)Service equipment enclosures.
(4)Conductors to be grounded For Metal enclosuresforserviceequipment

AC premiseswiringsystems the identi- shallbe grounded.
fledconductorshallbe grounded. {iii)Fixed equipment. Exposed
(5) Grounding connections-- noncurrent-carryingmetalpartsoffixed

{i)Grounded systerr_For a grounded eq.m'pmentwhich may become energized
system,a groundingelectrodeconductor shallbe grounded under any of the
shallbe used toconnectboth theequip- followingconditions:
ment grounding connector and the (A) Ifwithin8 feet(2.44m} vertically
grounded circuitconductor to the or5 feet{1.52m} horizontallyofground

or grounded metal objectsand subjectgrounding electrode.Both the equip-
ment grounding conductor and the toemployeecontact.
groundingelectr_leconductorshallbe {B) Iflocatedin a wet or damp loca-
connectedto the grounded circuitcon- tionand subjectto employee contact.
ductoron the supplysideofthe service {C)Ifinelectricalcontactwith metal.
disconnectingmeans, or on the supply {D) Ifin a hazardous{classified)loca-
sideof the system disconnectingmeans tio_
or overcurrentdevicesiithe system is {E) Ifsuppliedby a metal-clad,metal-
separatelyderived, sheathed,or grounded metal raceway
{ii)Ungrounded systems. For an wiringmetho_

ungrounded service-suppliedsystem,the {F)If equipment operateswith any
equipmentgroundingconductorshallbe terminalat over 150 voltsto ground;
connected to the grounding electrode however, the followingneed not be
conductorat theserviceequipment.For grounde_
an ungrounded separatelyderivedsys- {I)Enclosuresforswitchesor circuit
tern,the equipment grounding conduc- breakersused for other than service
torshallbe connectedto the grounding equipment and accessibleto qualified

of, only;electrodeconductorat,or ahead the persons
system disconnecting means or overcur- (2) Metal frames of electrically heated
rent devices, appliances which are permanently and

{6) Grounding path. The path to effectively insulated from ground: and
ground from circuits, equipment, and (3) The cases of distribution appara-
enclosures shall be permanent and con- tus such as transformers and capacitors
tinuous, mounted on wooden poles at a height
(7)Suppor_ enclosure_and equip- exceeding8 feet(2.44m) above ground

ment to be grounded--ft)Supportsand orgradeleveL
enclosuresfor conductors Metal cable {iv)Eq_pment connectedby cordand
trays,metal raceways,and metalenclo- plug.Under any of the conditionsde-
suresforconductorsshallbe grounded, scribed in paragraphs (f){71(ivl(A)
exceptthat: through {f_7){iv)4C)of thissection,ex-
(A) Metal enclosuressuch as sleeves posed non--t-carrying metal parts

that are used to protectcableassem- of cord-and plug-connectedequipment
bliesfrom physicaldamage need not be which may become energizedshallbe
grounded; and grounde_

(B) Metal enclosures for conductors (A) If in a hazardous (classified) loca-
added to existing installations of open tion (see § 1926.407).
wire, knob-and-tube wiring, and (B)If operatedat over 150 voltsto
nonmetallic-sheathedcableneed not be ground,exceptforguarded motors and
grounded ifallof the followingcondi- metalframesofelectricallyheatedapplJ-
tionsaremet: ancesifthe applianceframesareperma-
(I)Runs are lessthan 25 feet(7.62 nently and effectivelyinsular_edfrom

ml: ground.
(2) Enclosures are free from probable (C) If the equipment is one of the
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types listed in paragraphs (i_7)(iv}{C)(1) (iii) Equipment considered effectively
through (f)(7)(iv)(C)(5) of this section, grounded Electric equipment is consid-
However, even though the equipment ered to be effectively l_rounded if it is
may be one of these types, it need not secured to, and in electrical contact
be grounded if it is exempted by para- with, a metal rack or structure that is
graph (f)(7)(iv)(CX6). provided for its support and the metal

(i) Hand held motor-operated tools; rack or structure is grounded by the
(2) Cord- and plug-connected equi_ method specified for the noncurrent-

ment used in damp or wet locations or carrying metal parts of fixed equipment
by employees standing on the ground or in paragraph (f)(8)(i) of this section.
on metal floors or working inside of Metal car frames support_ by metal
metal tanks or boilers; hoisting cables attached to or nmning

{3) Portable and mobile X-ray and over metal sheaves or drums of
associated equipment; grounded elevator machines are also

{4) Tools likely to be used in wet considered to be effectively grounded.
and/orconductivelocations;and (9)Bonding. If bonding conductors
(5)Portablehand lamps, are used to assureelectricalcontinuity,
(63Tools likelyto be used in wet they shallhave the capacityto conduct

and/orconductivelocationsneed not be any faultcurrentwhich may be ira-
grounded if supplied through an isolat- posecL
ing transformer with an ungrounded {10) Made electrodes. If made elec-
secondary of not over 50 volts. Listed trodes are used, they shall be free from
or labeled portable tools and appliances nonconductive coatings, such as paint
protected by a system of double insula- or enamel; and, if practicable, they shall
tion, or its equivalent, need not be be embedded below permanent moisture
grounded.If such a system isemployed_, levelA singleelectrodeconsistingof a
the equipment shall.be .distinctivelyrod,pipeor platewhich has a resistance
marked to indicate that the tool or to ground greater than 25 ohms shall be
appliance utilizes a system of double augmented by one additional electrode
insulation, installed no closer than 6 feet {1.83 m)

{v) Nonelectrical equipment. The to the first electrode.
metal parts of the following nonelectri- (11) Grounding of systems and cir,
ca] equipment shall be grounded: frames cults of 1000 volts and over (high volt-
and tracks of electrically operated age)--(i) General If high voltage sys-
cranes: frames of nonelectricallv driven terns are grounded, they shall comply
elevator cars to which electric conduc- with ali _applicable provisions of para-
tors are attached; hand<)perated metal graphs (f)(1) through (f){10) of this sec-
shifting ropes or cables of electric eleva- tion as supplemented and modified by
tors,and metal partitions,grillwork, thisParagraph(_II).
and similar metal enclosures around (ii) Grounding of systems supplying
equipment of over lkV between conduc- portable or mobile equipmen_ Systems
tors. supplying portable or mobile high volt-

{8) Methods of grounding equip- age equipment, other than substations
ment--(i) With circuit conductors, installed on a temporary basis, shall

Noncurrent-carrying metal p_rts of fixed comply with the following.equipment,if required to grounded (A) Portableand mobilehigh voltage
by thissubpart,shallbe grounded by equipment shallbe suppliedfrom a
an equipment grounding o_nductor system having its neutralgrounded
which is contained within the same through an impedance. If a delta-
raceway,cable,or cord,or runs with or connectedhigh voltagesystem isused
enclosesthe circuitconductors.For DC to supplytheequipment,a system neu-
circuitsonly,the equipment grounding tralshallbe derived.
conductormay be run separatelyfrom (B_ Exposed noncurrent:carrying
thecircuitconductors, metal parts of portableand mobile

(ii) Grounding conductor. A conductor equipment shall be connected by an
used for grounding fixed or movable equipment grounding conductor to the
equipment shall have capacity to con- point at which the system neutral lm-
duct safely any fault current which may pedance is grounded.
be imposedon it.
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{C)Ground-fatfltdetectionand relay- fittings,and cabinetsas to provideef-
ing shallbe providedto automatically fectiveelectricalcontinuity.
de-energize any high voltage system {ii) Wiring in ducts. No wiring sys-
component which has developed a terns of any type shall be installed in
ground fault. The continuity of the ducts used to transport dust. loose
equipment grounding conductor shall be stock or flammable vapors. No wiring
continuously monitored so as to de- system of any type shall be installed in
energize automatically the high voltage any duct used for vapor removal or in
feeder to the portable equipment upon any shaft containing only such ducts.
loss of continuity of the equipment {2) Temporary wiring--{i)Scope. The
grounding conductor, provisions of paragraph {a)(2) of this

{D) The grounding electrode to which section apply to temporary electrical
the portable or mobile equipment sys- power and lighting wiring methods
tem neutral impedance is connected which may be of a class less than would
shall be isolated from and separated in be required for a permanent installation.
the ground by at least 20 feet {6.1 m) Except as specifically modified in para-
from any other system or equipment graph {a)(2) of this section, ali other
grounding electrode, and there shall be requirements of this subpart for perma-
no direct connection between the nent wiring shall apply to temporary
grounding electrodes, such as buried wiring installations. Temporary wiring
pipe, fence or like objects, shall be removed immediately upon

{iii) Grounding of equipment. Ali completion of construction or thepur-
noncurrent-carrying metal parts of por- pose for which the wiring was installed.
table equipment and fixed equipment {ii) General requirements for tempo-
mclu• those associated fences, hous- rary wiring. (A) Feeder shall originate intung
ings, enclosures, and supporting struc- a distribution center. The conductors
tures shall be grounded. However, shall be run as multiconductor cord or
equipment which is guarded by location cable assemblies or within raceways: or.
and isolated from ground need not be where not subject to physical damage,
grounded. Additionally, pole-mounted they may be run as open conductors on
distribution apparatus at a height ex- insulators not more than 10 feet (3.05
ceeding 8 feet {2.44 m) above ground or m) apart.
gradelevelneednot begrounded. {B) Branch circuitsshalloriginatein

{Informationcollectionrequirementscon- a power outletor panelboard.Conduc-
tained in paragraphs (b)(1)(iii){A)and totsshallbe run as multiconductorcord
(bMl){iiiHG)wereapprovedby theOfficeof or cableassembliesor open conductors,
ManagementandBudgetundercontrolnum- or shallbe run inraceways.Allconduc-
ber.1218-0062;informationcollectionre- torsshallbe protectedby overcurrent
{_irements contained in paragra

7){ivHC){b3were approved by the Officeph devices at their arnpacity. Runs of openconductors shall be located where the
Management and Budget under control num- conductors will not be subject to physi-
ber. 1218-0130) cal damage, and the conductors shall be

fastened at intervals not exceeding 10
§ 1926.406 Wiring methods, components, feet (3.05 m). No branch-circuit conduc-
and equipment foe general use. tors shall be laid on the floor. Each

{a) Wiring methods. The provisions of branch circuit that supplies receptacles
this paragraph do not apply _ conduc-_ or fixed equipment shall contain a sepa-
tors which form an integral part o! rate equipment _ounding conductor if
equipment such as motors, controllers, the branch circuit is run as open con-
motor control centers and like equil> ductor_
ment. (C) Receptacles shall be of the

{1) General requirements.--(i) Electri- grounding type. Unless installed in a
cal continuity of metal raceways and complete metallic raceway, each branch

enclosures. Metal raceways, cable armor, circuit shall containconductor,aseparateand_uil>re-and other metal enclosures for conduc- meant grounding
tots shall be metallically joined together ceptacles shall be electrically connected
into a continuous electric conductor and to the grounding conductor. Receptacles
shall be so connected to ali boxes, for uses other than temporary lighting
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shallnot be installedon branchcircuits cabinets,or fittingsshallbe protected

which s_hPa_ytemporarylighting.Recep- from abrasion,and opemngs through
tacles not be connected to the which conductorsenter shallbe effec-
same ungrounded conductor of tivelyclosed.Unused openingsin cabi-
multiwirecircuitswhich supply tempo- nets,boxes,and fittingsshallalsobe
rarylighting, effectivelyclosed.

{D)Disconnectingswitches or plug {2)Covers and canopies.All pull
connectorsshallbe _staUed to permit boxes,junctionboxes,and fittingsshall
thedisconnectionofallungroundedcon- be providedwithcovers.Ifmetalcovers

ductorsofeachtemporarycircuit, are used, they shallbe _rounded. In
{E)Alllamps forgeneralilluminationenergizedinstallationseach outletbox

shallbe protectedfrom accidentalcon' shallhave a cover,faceplate,or fixturetact or break
shallbe ground_e." Metal-casesockets canopy.Covers of outletboxes having

holesthrough which flexiblecord pen-
{F)Temporary lightsshallnot be sus- dantspass shallbe providedwith bush-

pended by theirelectriccords unless ings designedforthe purpose or shall
cords and lightsare designedfor this have smooth, well-roundedsurfaceson
means ofsuspension.
(G) Portable.electriclightingused in which thecordsmay bear.{3) Pull and junction boxes for

wet and/or other conductive-locations, terns over 600 volts, nominal In :dY_:

as for example, drums, tanks, and yes- tion to other r_tl_rements in this sec-sels, shall be operated at 12 volta or tion for pull ar junction boxes, the
less. However, 120-volt lights may be following shall apply to these boxes for
used if protected by a ground-fault cir- systems over 600 volts, nominal:
cuit interrupter. {i) Complete enclosure. Boxes shall

(H) A box shall be used wherever a provide a complete enclosure for the
change is made to a raceway system oi" contained conductors or cables.
a cable system which is metal clad or {ii) Covers. Boxes shall be closed by
metal sheathed, covers securely fastened in place. Under-

{I) Flexible cords and cables shall be ground box covers that weigh over 100
protected from damage. Sharp comers ds {43.6 kg) meet this requirement.
_ncl projections shall be avoided. Flexi- o_vers for boxes shall be permanently
le cords and cables may pass through marked "HIGH VOLTAGE." The

aoorways or other pinch points, if pro- marking shall be on the outside of the
tec_io_ is provided to avoid damage, box cover and shall be readily visible

{ ) xtension cord sets used with Bor- and legible.
ble.electric tools and appliances s_mll {c) Knife switches. Single-throw knife
• of three-wiretype and shallbe de- switchesshallbe so connectedthatthe

s_gned for hard or extra-hardusage, bladesare dead when the switchis in
Flexiblecordsused with temporaryand the open position._ Single-throwknife
portablelightsshall be designed for switchesshallbeso placedthatgravity
hardorextra-hardusage, willnot tendtoclosethem. Single-throw
NOTE" The National ElectricalCode, knifeswitchesapproved foruse in the

ANSI/NFPA 70,inArticle400,Table400-4, invertedpositionshallbe providedwith
listsvarioustypesofflexiblecords, someof a lockingdevicethat willensure that
which. _ noted as _beingdesignedfor hard the bladesremain in the open position
or_tr.a-_ard_. Examplesofthesetypes when so set. Double-throw knifeol nezaomcoresincludehard servicecord

_sWitchesmay be mounted so that the
{typesS, ST, SO, STO) and juniorhard throw willbe eitherverticalor horizon-
servicecord(typesSJ,SJO,SJT,SJ2X:)). tad.However, ifthe throw isvertical,a

{iii)Guarding.For temporary _ lockingdeviceshallbe providedto en-over 600 volts,nominal,fencing, surethatthe bladesremain inthe open
ers,or other effectivemeans shallbe positionwhen soset.
provided to prevent access of other than (d) Switchboards and panelboards.
authorizedand qualifiedpersonnel. Switchboards that have any exposed

(b) Cabinets, boxes, and fittings-- live parts shall be located in perma-
{1) Conductors entering boxe_ cabinets, nently dry locations and accessible only
or fittings. Conductors entering boxes, to qualified persons. Panelboards shall
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be mounted in cabinets, cutout boxes, s_l_ with an attachment plug andor enclosures designed for the purpose energized from a receptacle
and shall be dead front. However, outlet.
panelboards other than the dead front {iii) Prohibited uses. Unless necessary
externaUy-operabletype are permitted fora use permittedinparagraph{g)(1){i)
where accessibleonly to qualifiedper- ofthissection,flexiblecordsand cables
sons.Exposed bladesof knifeswitches shallnotbe used:
shallbe dead when open. {A)As a substituteforthe fixedwir-

{e_ Enclosures for damp or wet loca- ing of a structure;
tions--{1) Cabinets, fittings, and boxes. {B) Where run through holes in walls,
Cabinets, cutout boxes, fittings, boxes, ceilings, or floors;
and panelboardenclosuresin damp or {C)Where run through doorways,
wet locationsshallbe installedso as to windows,or similaropenings,exceptas
preventmoistureorwater from entering permittedinparagraph{a){2)(ii){I)ofthis
and accumulatingwithinthe enclosures,section;
In wet locationsthe enclosuresshallbe (D) Where attachedto buildingsur-
weatherproof, faces;or
{2)Switches and circuitbreakers. {E)Where concealedbehind building

Switches,circuitbreakers,and switch- walls,ceilings,or floors.
boards installed in wet locations shall be {2) Identification, splices" and terrni-
enclosed in weatherproof enclosures, nat/ons--(i) Identificatiott A conductor

(f) Conductors for general wiring. Ali of a flexible cord or cable that is used as
conductors used for general wiring shall a grounded conductor or an equipment
be insulated unless otherwise permitted grotmding conductor shall be distin-
in this Subpart. The conductor insula- guishable from other conductors.
t,ion shall be of a type that is suitable {ii) Marking. Type SJ, SJO, SJT,
for the voltage, operating temperature, SJTO, S, SO, ST, and _ cords shall
and location of use. Insulated conduc- not be used unless durably marked on
tors shall be distinguishable by appro- the surface with the type designation,
priate color or other means as being size, and number of conductors.

OUnded conductors, ungrounded con- {iii) Splices. Flexible cords shall be
ctors, or equipment grounding con- used only in continuous lengths without

ductors. _spliceor tap. Hard service flexible cords
{g) Flexible cords and cables--{1)Use No. 12 or larger may be repaired if

of flexible cords and cables--(i} Petra/t- spliced so that the splice retains the
ted uses. Flexible cords and cables shall insulation, outer sheath properties, and
be suitable for conditions of use and usage characteristics of the cord being
location. Flexible cords and cables shall spliced.
be used only for. {iv) Strain relief. Flexible cords shall

{A) Pendants; be connected to devices and fittings so
(B)Wiring offixtures; that strainreliefisprovided which will
{C)Connectionof portablelamps or preventpullfrom being directlytrans-

appliancesL mitted to joints or terminal screws.
{D} Elevator cables; {vt Cords passing through holes. Flex-
(E) Wiring ofcranesand hoists; iblecordsand cablesshallbe protected
(F)Connection of stationaryequip- by or fittingswhere passing

b__ outletboxes,orment to facilitatetheirfrequentinter- through incovers,
change; similarendomn'es.

(G) Prevention of the transmission of {hl Portable cables over 600 volts,
noise or vibration; or nora/na/, Multiconductor portable cable

{H) Appliances where the fastening for use in sup.plying power to portable
means and mechanical connections are or mobile eqmpment at over 600 volts,
designed to permit removal for mainte- nominal sha_ consist of No. 8 or larger
nance and repair, conductors employing flexible stranding:

{ii) Attachment plugs for cords. If Cables operated at over 2000 volts shall
used as permitted in paragraphs be shielded for the purpose of confining
(g)41){i){C),{G}{1}4i){F),or {g){1){i){H)of this the voltage stresses to the insulation.
section, the flexible cord shall be Grounding conductors shall be provided.
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Connectorsforthesecablesshallbe ofa (A) Metal shell,paperlinedlamphold-
lockingtype withprovisionsto prevent ersshallnot be used;,
theiropenmg orclosingwhileenergized. {B} Handlamps shall be equipped
Strain-reliefs with a handleof molded compositionor_hallbe providedatconnec-
tionsand terminations.Portablecables otherinsulatingmaterial;
shallnot be operatedwith splicesunless (C).Handlamps shallbe equippedwith
the splicesareofthepermanent molded, a substantialguard attached to the
vulcanized,or other equivalenttype. larnpholderorhandle;
Terminationenclosuresshallbe marked {D) Metallicguards shallbe grounded
with a highvoltagehazardwarning,and by the means of an equipment ground-
terminationsshallbe accessibleonly to ing conductor run within the power
authorizedand qualifiedpersonnel, supplycord.
{i)Fixturewires--(1)General Fixture {iv}Lampholders.Lampholdersof the

wiresshallbe suitableforthe voltage, screw-shelltype shallbe installedfor
temperature,and locationof use. A use as lampholdersonly.Larnpholders
fixturewirewhich isused asa grounded installedin wet or damp locationsshall
conductorshallbe identified, be oftheweatherprooftype.
(2)Usespermitrec£Fixturewiresmay (viFixtures.Fixturesinstalledinwet

be used: or damp locationsshallbe identifiedfor
{i) For installation in lighting fixtures the purpose and shall be installed so

and in similar equipment where enclosed that water cannot enter or accumulate
or protectedand not subjectto bending in wireways,lampholders,or otherelec-
or twisting in use; or trical parts.
{ii}For colmectinglightingfixturesto (2)/{ecepracles,cord connectors,and

the branch-circuitconductorssupplying a tta c h m e n t p Iu g s (ca p s)-
the fixtttres. {i) Configuratio_ Receptacles, cord con-
{3)Uses not permitted Fixturewires nectors,and attachment plugs shallbe

shallnot be used as branch-circuitcon- constructedso that no receptacleor
cord connectorwillaccept an attach-

ductorsexceptas permittedforClass 1 ment plug with a differentvoltageorpower-limitedcircuits.
{j) Equipment for general use-- current rating than that for which the

(1) Lighting fixtures, lampholders, device is intended. However, a 20-
lamps, and receptacles--{i) Live parts, ampere T-slot receptacle or cord connec-
Fixtures, lampholders, lamps, rosettes, tor may accept a 15-ampere attachment

and receptacles shall have no live parts tadplUges)f the same voltage rating. Recep-connected to circuits having dii-normally exposed to employee contact.
However, rosettes and cleat-type ferent voltages, frequencies, or types, of
lampholders and receptacles located at current {ac or dc) on the same prermses
least 8 feet (2.44 m) above the floor may shall be of such design that the attach-
have exposed parts, rnent plugs used on these circuits are

{ii) Support Fixtures, lampholders, ro- not interchangeable.
settes, and receptacles shall be securely {ii) Damp and wet location._ A recel_
supported. A fixture that weighs more tacle installed in a wet or damp location
than 6 pounds {2.72 kg) or exceeds 16 shall be designed for the location.
inches t406 mm) in any dimension shall (3) Appliances--{i) Live parts. Appli-
not be supported by the screw shell of a ances, other than those in which the
lampholder, current_u'rying parts at high tempera-

{iii) Portablelamps. Portable lamps turesarenecessarilyexposed,shallhave
shallbe wiredwith flexiblecordand an no liveparts normallyexposed to era-
attachment plug of the polarizedor ployeecontact.
grounding type. If the portable lamp (ii) Disconnect'ing means. A means
uses an Edison-basedlampholder,the shallbe provided to disconnecteach
grounded conductorshallbe identified appliance.
and attached to the screw shell and the (iii) Raring. Each appliance shall be

marked with its rating in voltsandidentifiedbladeoi the attachmentplug.
In addition,portablehandlamps shall amperesorvoltsand watts.
comply withthefollowing:. (4) Motors.This paragraphappliesto
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motors,motor circuits,and controllers,circuitconductors shall be protected
Ii)In sightfrom.Ifspecifiedthatone againstoverheatingdue to motor over-

piece,ofequipment shallbe "in sight loads or failureto start,and against
zrom anotherpieceof equipment,one short_circuitsor ground faults.These
shallbe visibleand not more than 50 provisionsdo not requireoverloadpro-
feet{15.2rn)fromtheother, tectionthat willstop a motor where a
{ii)Disconnectingmeans--(A)A dis- shutdown is likelyto introduceaddi-

connectingmeans shallbe locatedin tionalor increasedhazards,as in the
sightfrom the controllerlocation.The case of firepumps, or where continued
controllerdisconnectingmeans for mo- operationof a motor isnecessaryfora
torbranchcircuitsover600 volts,norni- safe shutdown of equipment or process
nal,may be out of sightof the control- and motor overloadsensingdevicesare
ler,ifthe controlleris marked with a connectedtoa supervisedalarm.
warning labelgiving the locationand {iv)Protectionof liveparts--aUvolt-
identificationof the disconnecting ages. {A) Stationary motors having
means which isto be lockedin theopen commutators,collectors,and brush rig-
position, ging locatedinsideof motor end brack-
{B)The disconnectingmeans shall ets and not conductivelyconnectedto

disconnectthe motor and the controller supply circuitsoperatingat more than
from allungrounded supplyconductors 150 voltstoground need not have such
and shall be so designed that no pole parts guarded. Exposed live parts of
can be operatedindependently, motors and controllersoperatingat 50
{C)Ifa motor and the drivenmachin- voltsormore betweenterminalsshallbe

ry arenot in sightfrom the controller guarded againstaccidentalcontactby
ocation,the installationshallcomply any ofthefollowing:.
withone of thefollowingconditions: (I)By installationina room orenclo-
{i)The controller disconnecting surethatisaccessibleonlyto qualified

means shall be capable of being locked persons;
intheopen position. (2)By installationon a balcony,gal-
(2)A manually operableswitch that lery, platform,so elevatedand at-

will disconnect the motor from its r as to excludeunqualifiedper-
sourceof supplyshallbe placedinsight sons;or
from the motor location. {3)By elevation8 feet{2.44m) or
•{D) The disconnectingmeans shall more above thefloor.

plainly indicate whether it is in t_le open (B) Where live parts of motors or
{off) or closed (on) position, controllers operating at over 150 volts

{E) The disconnecting means shall be to ground are guarded against acciden-
readily accessible. If more than one ted contact only by location, and where
disconnect is provided for the same adjustment or other attendance may be
equipment, only one need be readily necessary during the operation of the
accessible, ap ,paratus, insulating mats or platforms

snml(F) An individual disconnecting be provided so that the attendant
means may be used for a group of cannot readily touch live parts unless
motors under any one of the following stan_ on the mats or platforms.
conditions: {5) Transformers--{i) Application. The

{I) If a number of motors drive spe- following paragraphs cover the instal]a-
cial parts of a single machine or piece of tion of ali transformers, except:
apparatus, such as a metal or wood- {A) Chu,rent transformers;
workingmachine,crane,orhoist; (B)Dry-typetransformersinstalledas
(2)Ifa group ofmotors isunder the a component part of other apparatus:

protectionof one set of branch-circuit {C)Transformersused with Class 2
protective devices; or and Class 3 circuits, sign and outline

discharge{3)Ifa group ofmotors isina single lighting,electric lighting,and
room in sightfrom the locationof the power-limitedfire-protectivesignaling
disconnectingmeans, circuits.

{iii) Motor overload, short-circui_ and _ii) Operating voltage. The operating
ground-fault protection. Motors, motor- voltage of exposed live parts of trans-
control apparatus, and motor branch- former installations shall be indicated
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by warning signs or visible markings on _Information collection req;uirements con-
the equipment or structure, tained in paragraphs (g}(2)(ii), (j)(3)(iii),

(i_) ZYm_formers over 35 k V. Dry. (jH4Hii){A,),(jX5)_ii),and (jX6)(ii)_BX3)wereal>
type,high firepoint liquid-insulated, E_'ov_ oy theOfficeof Manqp=_entand
and askarel-insulated transformers in- t_u_et under control number:.1218-0130)
stalled indoors and rated over 35 kV
shallbe ina vault. §1926.406 Specificpurp(me equipment sad
(iv)Ofl-insu4ztedtransformers.Ifthey iMtdstioas.

presenta firehazard to employees,oil- {a)Crimesand hoists.Thisparagraph
insulated transformers ins_indoors applies to the installation of electric
shallbeina vault, eqmpment and wiringused in connec-
{v)Fireprotection.Combustiblemate- tionwithcranes,monorailhoists,hoists,

ria/,combustiblebuildingsand par_ of andallrunways.
buildings, fire escapes, and door and (1) Dis_nnecting means--(i)Runway
window openings shall be safeguarded conductor disconnecting means. A
from fires which may originate in oil- readily accessible disconnecting means
insulated transformers attached to or shall be provided between the runway
adjacent to a building or combustible contact conductors and the power sup-
mat_aL Ny.

(vi) Trsnsformer va_t_ Transformer --(ii) Disconnecting_ meeI_s for cranes
v._.its shai] be constructedso as to and monorail hoist_ A disconnec_
contain fire and combustible liquids means, capable of being locked in the

within the vault an_, to prevent unau- _ position, shall be provided in the_horized access. Locks and latches shall from the runway contect conduc-
be so arranged t,hat a vault door can be ton or other power supply or any crane
readily opened from the inside, or monorail hoist. .
. (vii)P/pes and ducts. Any pipe or (A) If this addi'tional disconnecting

duct sy,ste_,, foreign to the vault instal- meavs is not readily accessible from the
lation shail not enter or pass through a crane or monorail hoist o___rating sta-
transfommr vault, t.ion, means shah be prov_,:_ at the

n (-vKi)otbeMaterial storage. Materials shall operating station to open the powerstored in transformer vaults, circuitto allmotors of the crane or
(6)Ca_'tors--{i)Draino@eof stored monorailhoist.

c/mrgeAllcapacitors,except surgv ca- (B)The additionaldisconnect may be
pacJtors or capacitors included as a omitted if a monorail hoist or hand-
component part of other apparatus, p__ crane bridge installation meets
shall be provided with an automatic allofthe foll0win_. -
moans of draining the stored charge and (I) The unltis.floor, conO,olled;
maintaining tlm discharged state after {2} The unit is m_in view of the
the capaci'tor is disconnect_ from its power supply crm_nnecting rne_n_; and
source of supply. {3) No fixed work platform has been

(ii) Over 600 volts. Capacitors rated provided for servicing tlm unit.
over 600 volts,nominal shallcomply {2)ControlA limitswitchor other
with the following additional reqmre- device shall be provided to prevent the
monts_ load block from passing the safe upper

{A) Isolating or disconnecting limit of travel of any-hoisting mecha-
swi_ (with no interrupting rating}
shallbe interlockedwiththe10adinter- (3) C/_am_ The dimensionof the
rupting device or shall be provided with working space in the direction of access
prominently disp_yed caution _s to to ilve _ which may require exami-
prevent switching load current, nation, adjustment, sed_'cin8, or mainte-

(B) For series capacitor_, the proper nance while alive shall be a minimum of
switchingshallbe _ by useof at 2 feet 6 inches(762 mmS. Where con-
leant one ofthefollowing: trois are enclosed in cabinets, the door,s)

shall open at least 90 degrees or be
(1) Mechanically sequenced isolating removable, or the installation shall pro-and bypass switches.
to) Ifiterlocks, or vide equivalent access.
(3) Swi_ procedure prominently (4) Grounding. Ali exposed metal

displayed at the switching location, parts of cranes, monorail hoists, hoists

140
-



Cl_pter XVII-Occup_ional SsfeW and Health Admira. § 1926.407

and accessories including pendant con- {ii) More than one piece of equipment.
trois shall be metallically joined to- If more than one piece of eqmpment is
gether into a continuous electrical con- operated from the same high-voltage
ductor so that the entire crane or hoist circuit, each piece or each group of
will be grounded in accordance with equipment as a unit shall be provided
§ 1926.404ff). Moving parts, other than with a high-voltage switch or equivalent
removable accessories or attachments, disconnecting means. This disconnecting .
having metal-to-metal bearing surfaces means shall be constructed, enclosed, or
shall be considered to be electrically located so as to avoid contact by era-
connected to each other through the ployees with its live parts.
bearing surfaces for grounding p_ur- (2) Control Radiographic and fluoro-
poses. The trolley frame and bridge scopic types. Radiographic- and fluoro-
frame shall be considered as electrically scopic-type equipment shall be effec-
grounded through the bridge and trolley tivdy enclosed or shall have interlocks
wheels and its respective tracks unless that deenergize the equipment automati-
conditions such as paint or other insu- cally to prevent ready access to live
lating materials prevent reliable metal- curmnt_arrying parts.
to-metal contact. In this case a separate
bonding conductor shall be provided.

(b) Elevators, escalators, and moving § 1926.407 Hazardous _chssified) locations.
wa/ks--(1) Disconnecting means. Eleva- (a) Scope. This section sets forth re-
tors, escalators, and moving walks shall quiremen_ for electric equipment and
have a singlemeans fo disconnecting wiringin locationswhich are classified
allungrounded main power supply con- dependingon the propertiesofthe flarn-
ductors for each unit. mable liquidsvapors, or gases,or com-

(2) Control panels. If control panels bustible dusts or fibers which may be
are not located in the same space as Zhe present therein and the likelihood that a
drive machine, they shall be located in flammable or combustible concentration

cabinets with doors or panels capable of or quantity _Sha_resent. Each room, sec-beinglockedclosed, tionorarea be consideredindividu-
(c) Electric welders--disconnecting ally in determining its classification.

means--(1) Moto_generator, AC trans- These hazardous (classified,) locations
former, and DC rectifier arc welders. A are assigned six designations as follows:
disconnecting means shall be provided Class I, Division I
in the supply circuit for each motor- Class I, Division 2
generator arc welder, and for each AC Class II, Division 1
transformerand DC rectifier arc welder Clmm II, Division 2
which is not with disconnectequ_p_----_i -- a Class III, Division1
mounted as an mr_rm part of the _ III, Division 2
welder.

{2) Resistance weider_ A switch or For definitions of these locations ,see
circuit breaker shall be provided by § 1926.44 9. Ali applicable requirements
which each resistance welder and its in this subpart apply to ali hazardous
control equipment can be isolated from (classified) locations, unless modified by
the supply circuit. The ampere.ra_ of pmvi_ons of this section. ._
this disconnecting means shall not be (b) Electrical installations. Equip-
less than the supply conductor ampac- meat, wiring methods, and installations
ity. of equipment in hazardous {classified)

(d) X-ray equipment--{1) Disconnect- locations shall be approved as intrinsi-
ing means--(i) Gener¢_ A disconnecting cal!y safe _ approved for the hazardous
means shall be provided in the supply_ (clabsified) location or safe for the tmz-
circuit.The disconnectingmeans shall ardous (classified)location.Require-
be operablefrom a locationreadilyac- meats foreach of theseoptionsare as
cessiblefrom the X-ray control For follows:
equipment connected to a 120-volt (1) Intrinsically safe. Equipment and
branch circuit of 30 amperes or less, a assorted wiring approved as intrinsi-
grounding-t attachment plug cap cally safe _ permitted in any hazardous
and recept_e of proper rating may (clabsified) locationincludedinitsListing
serve as a disconnecting means, or labeling.
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{2) Approved for the hazardous (clas- installations which will meet this require-
sifted/ /ocat/on--(i) Gene_ E,qmpment" ment. The guidelines of this document ad-
shall be approved not only for the class dress electric wiring, equipment, and systems
of location but also for the ignitible or installed in hazardous (claesifiedl locations
combustible properties of the specific and contain specific provisions for the

following:, wiring methods, wiring connec-
gas, vapor, dust, or fiber that will be tions, conductor insulation, flexi61e cords,present.

sealing and drainage, transformers, capaci-
NOTE:NFPA 70, the NationalElectricaltors,switches,circuitbreakers,fuses,motor

Code. lists or defines h=z_ous gases, va- controllers, receptacles, attachment plugs,
rS,. and dusts by "Groups' characterized meters, relays, instruments, resistors, genera-y _eb" ignitible or combustible properties, tors, motors, lighting fixtures, storage bat-

tery charging equi.'pment,electric cranes, elec-
(ii) Marking. Equipment shall not be tric hoists and similar equipment, utilization

used unless it is marked to show the equipment, signaling systems, alarm sys-
class, group, and operating temperature mms, remote control systems, local loud

or temperature range, based on opera- on pip_, live parts, lightning surge protec-uspeaker and.communication systems, venr.ila-
tion in a 40-degre C ambient, for which

tion. ana grounding. Compliance with these
it is roved. The temperature mark- guidelines will constitute one means, but not
ing sha_Pnot exceed the ignition temper- the only nmans, of compliance with this

of the ,s_i_ cugas vapor, or clust paragraph.ature " ,
to be encoun,_._,. _owever, the follow-
ing. provisions modify this marking re- (c) Conduits. Ali conduits shall be
qmrem_ent for specific equipment: threaded and shall be made wrench-

(A) Equipment of the non-heat- t_ght. Where it is impractical to make a
producing type (such as junction boxes, threaded joint tight, a bonding jumper
conduit, and fittings) and equipment of shall be utilized.

the heat-producing type having a rnaxi- {I._t_orma.tion coU_ti0n requirements con-mum temperature of not more than 100 m _arsgraph (b}{2}ifi)were approved
degrees C (212 degrees F) need not have by the _ of Mansgenmnt and Budget
a marked operating temperature or tem- under control numbe_. 1218-0130)

peratureFixedran_c'l"hst_I'
(B) fixtures marked for § 192_408 Sp_ld sy=tm_

use only in Division 2 locations (a_ Systems over 600 volts nominal
need not be marked to indicate the Paragraphs (a}_l)through (a)(4)of this
group, section contain general requirements for

(C) Fixed gensral-purpos equivmant ali circuits and equipment operated at
in Class I locations, other than-_ting over 600 volts.
fixtures, which i$ acceptable for use in (1) Wiring methods for fixed insmila-
Class I, Division 2 locations need not be t/ons--(i) A bov_ground. Above-ground
marked with the class, group, division, condu_ shallbe "mstaUed in rigid
or operating temperature, metal conduit, in intermediate metal
(DI Fixed durst-tighteq_pment, other conduit,in cabletrays,in cablebus,in .

than lighting__tures,which ishccept- o,thersUi'tableraceways,or as openruns-"
ame mr use in Class II, Division 2 and or metal-clad cable designed for the use
Class III locations need not be marked and pm-pose- . However, open runs of
with the class, group, division, or oper- non-metallic-sheathed cable or of bare
ating temperature, conductors or busbars may be installed
(3)Safe for thehazardous (classified]inlocationswhich are accessibleonlyto

location.Equipment which is safe for qualifiedpersons. Metallic shielc'Ling
the locationshallbe of a type and componen.ts,such as tapes,wires,or
design which the employer demon- oralds for conductors, shall be
strafeswillpro_de p.rotection.from the
hazards aris combustibility having a bare lead sheath or
and of vapors, liquids, a braided outer covering shall be sup-

• ed
gases, dusts, or fibers, ported in a manner thebraidesign--dto preventot sheath.

NOTE: The National Electrical Code,
NFPA 70. contains guidelines for determm, ground. Conductors emerging from the
mg the type and design of equipment and ground shall be enclosed in raceways.
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Raceways installedon polesshallbe of beingopened.Enclosuresand metalcab-
rigidmetal conduit,intermediatemetal inets shallbe lockedso thatonlyauthor-
conduit,PVC schedule80 or equivalent ized qualifiedpersonshave accessand
extendingfrom the ground lineup to a shallbe marked with a signwarningof
point 8 feet{2.44 m) above finished the p.resenceof energizedparts.CoUec-
grade. Conductors enteringa building tor ring assemblieson revolving-type
shallbe protectedby an enclosurefrom machines {shovels,draglines,etc.)shall
the ground lineto thepointofentrance, be guarded.
Metallic enclosures shall be grounded. (4) Tunnel installations--{i)Applica-

{2) Interrupting and isolatin de[ f/ore The provisions of this paragraphvices--{i) Circuit breakers. Circuit _re._ apply to installation and use of high-
ers located indoors shall consist of voltage power distribution and utiliza-
metal-enclosed or fire-resistant, cell- tion equipment which is associated with
mounted units. In locations accessible tunnels and which is portable and/or
only to qualified personnel, open mount- mobile, such as substations, trailers,
ing of circuit breakers is permitted. A cars, mobile shovels, draglines, hoists,
means of indicating the open and closed drills, dredges, compressors, pumps,
position of circuit breakers shall be conveyors, and underground excavators.
provided. (ii) Conductors. Conductors in tunnels

{ii) Fused cutouts. Fused cutouts in- shall be installed in one or more of the
stalled in buildings or transformer following:.
vaults shall be of atype identified for (A) Metal conduit or other metal race-

Ihl be readilyacces-the purpose. They., way,

sibleforRusereplacement. Igl Type MC cable,or{iii) Equipment isolating means. A Other suitable multiconductor ca-
means shall be provided to completely bis.

• for " andisolate eqmpment inspection
repairs.Isolatingmeans which are not Conductorsshallalsobe so locatedor
designed to interrupt the load current of guarded as to protect them from physi-
the circuitshallbe eitherinterlocked caldamage. Multiconductorportableca-
with a circuitinterrupteror provided ble may supply mobile equipment.An
with a sign warning againstopening equipmentgroundingconductorshallbe
them under load. run with circuitconductorsinsidethe
{3)Mobile and portableequipment-- metal raceway or inside the multi-

(i)Power cable connectionsto mobile conductorcablejacket.The equipment
machines.A metallicenclosureshallbe groundingconductormay be insulated
provided on the mobile machine for orbare.
enclosing the terminals of the power (iii) Guarding live parts. Bare termi-
cable. The enclosure shall include provi- nals of transformers, switches, motor
sions for a solid connection for the controllers, and other equipment shall
ground wire(s) terminal to ground effec- be enclosedto p.reventaccidentalcon-
tivelythe machine frame.The method tact with energmed parts.Enclosures
of cableterminationused shall tunnelsshallLauprevent for use in be drip-proof,
any strain or pull on the cable from weatherproof, or submersible as required
stressing the electrical connections. The by the environmental conditions.

haveenclosureshall provision forlock- {iv)Disconnectingmeans. A discon-
ing soonly authorizeiqualifiedpersons necting means that simultaneously
may open itand shallbe marked with a opens allungrounded conductorsshall
sign warning of the presenceof ener- be installedat each transformeror mo-
gizedparts, torlocation_

(ii) Guarding live parts. Ali energized (v) Grounding and bonding Ali
switching and control parts shall be non.energized metal parts of electric
enclosed in effectively _.ounded metal eqmpment and metal raceways and ca-

tcabinets or enclosures. Circuit breakers de sheaths shall be grounded and
and protective equipment shall have the bonded to ali metal pipes and rails at
operating means projecting through the the portal and at intervals not exceed-
metal cabinet or enclosures so these ing 1000 feet (305 m) throughout the
units can be reset without locked doors tunnel
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(b) Class I, Class _ and Class 3 equipment, and outside wiring for fire
remote contm_ signaling, and power_ and burglar alarm: and similar central
limited c/rcuits--(1) Classificatio_ Class station systems. These installations
1, Class 2, or Class 3 remote control, need not comply with the provisions of
signaling, or power-limited circuits are §§ 1926.403 through 1926.408{bL except
characterized by their usage and electri- § 1926.404(c){1)(ii) and § 1926.407.
ca] power limitation which differentiates {2) Protective devices--rf) Circuits ex.
them from light and _)_ower circuits, posed to power conductors. Communica-
These circuits are classified in accord- tion circuits so located as to be exposed
ance with their respective voltage and to accidental contact with Light or
power limitations as summarized in power conductors operating at over 300
paragraphs {b)(1){i) through (b){1){iii) of volts shall have each circuit so exposed
this section, provided with an approved protector.

{i) Class I circuits.--{A) A class 1 (ii) Antenna lead-ins. Each conductor
power-limited circuit is supplied from a of a lead-in from an outdoor antenna
source having a rated output cf not shall be provided with an antenna dis-
more than 30 volts and 1000 volt- charge unit or other means that will

drain static charges from the antenna
an__A" Class 1 control circuit system.) remote
or a Class 1 signaling circuit has a i3) Conductor location--(i)Outside of
voltage which does-not exceed 600 buildings.--(A) Receiving distribution
volts; however, the power output of the lead-in or aerial-drop cables attached to
source need not be limited, buildings and lead-in conductors to ra-

{ft) Class 2 and Class 3 circuits.-- clio transmitters shall be so installed as
(A) Power for Class 2 and Class 3 to avoid the possibility of accidental
circuits is limited either inherently {in contact with electric light or power
which no overcurrent protection is re- conductors.
quired) or by a combination of {B) The clearance between lead-in con-
a power source and ova, _. protec- ductors and any lightning protection
tion. conductors shall not be less than 6 feet

{B) The maximum circuit voltage is (1.83 m).
150 volts AC or DC for a Class 2 {ii} On poles. Where practicable, com-
inherentlylimitedpower source,and 100 municationconductorson polesshallbe
voltsAC orDC fora Class3 inherently locatedbelowthelightor power conduc-
limited tore. Communications conductorsshalluj_wer s?urce.
{C)xne maxunum circuitvoltageis not be attached to a crossarrnthat

30 voltsAC and 60 voltsDC forClassa carrieslightorpower conductors.
2 power sourcelimitedby ove_'urrent {iii)Insideof buildings.Indooranten-
protection,and 150 voltsAC or DC for nas,lead-ins,and othercommunication
a Class 3 power source limitedby conductorsattachedas open conductors
overcurrent protection, to the inside of buildings shall be 1_

(ffi) Application, The maximum circuit cared at least 2 inches (50.8 mm) from
voltages in paragraphs {b){1)(i) and conductors of any light or power or
{b){1)(ii) of this section apply to Class 1 circuits unless a special and
sinusoidal AC or continuotm DC power equally protective method of conductor
sources, and where wet contact occur- separation is employed.
rence is not likely. (4) Equipment location. Outdoor

structures(2) Marking. A Class 2 or Class 3 metal . supporting antennas,
power supply unit shall not be used as well as sell-supporting antennas such
Unless it is durably marked where as vertical rods or dipole structures,
plainly visible to indicate the class of shall be located as far away from over-
supply and its electrical rating, head conductors oi electric light and

(c) Communications systems-- power circuits of over 150 volts to
(1) Scope These provisions for commu- ground as necessary to avoid the possi-
nication systems apply to such systems _ility of the antenna_or s.tructure fallin$
as central-station_:onnected and non- into or making accidental contact witl_
central-station-connected telephone cir- such circmts.
cults, radio receiving and transmitting {5) Grounding--(i) Lead-in conductors.
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If exposed to contact with electric light into physical or electrical contact with
or power conductors, the metal sheath the electric power circuit. The employer
of aerialcablesenteringbuildingsshall shallpost and maintainproperwarning
be grounded or shallbe interrupted signs where such a circuitexists.The
closeto the entranceto the buildingby employer shalladviseemployees of the
an insulatingjointor equivalentdevice, locationof such lines,the hazards in-
Where protectivedevicesare used,they volved,and the protectivemeasures to
shallbe grounded, be taken.
(ii)Antenna structures.Masts and {b)Passageways and open spaces.

metal structuressupportingantennas {I)Barriersor othermeans ofguarding
shall be permanently and effectivelyshall be provided to ensure that
grounded withoutspliceorconnectionin workspace forelectricalequipment will
thegroundingconductor, not be used as a passageway during

" {iii) Equipment enclosures. Transmit- periods when energized parts of electri-
tersshallbe enclosedina metal frame calequipmentareexposed.
or grillor separatedfrom the operating (2)Working spaces,walk'ways,and
space by a barrier,allmetallicpar_.of similarlocationsshallbe kept clearof
which are effectivelyconnected to cords so as not to createa hazard to
ground.Allexternalmetal handlesand employees_.
controls accessible to the operating per- (lc) Load ratings. In existing instaUa-
sonnel shallbe effectivelygrounded, lions,no changes in circuitprotection
Unvowered equipment and enclosures shallbe made to increasethe load in
sha_Ibeconsideredground.ed where _n- ex._ of the loadratingof the circuit

nected to an attached coaxial cable . .with. w_Fuses. When fuses are installed or
an effectively grounded metallic shield, removed with one or both terminals
(Information collection requirements con- energized_,__al tools insulated for the

rained in paragraph{b)_2)were_provea oy olt_C:hal ]the Office of Managvn_nt and Bridget under v be used.
(e) and cables.(I)Worn or

controlnumber:1218-0130) frayedelectriccordsor cablesshallnot

§ 1926.409--_1926.415. _ed] be used.
{2) E_on cords shall not be fas-

SofoW.Rolatod Work PrqscHcos tened with staples, hung from nails, or
suspendedby wire.

§ 1926.416 General requirements.

(a) Protection of employees. (1) No § 192_417 Lockout and taggin8 of circuits.
employer shallpernfi'tan employ_ to (ll)ControlsControlsthat are to be
work in such proximity to.any pan; oi deactivated _ the com_ of work
an electricpower circuitthat tlm P.m- on ener_ __or.Jeener".gi_equipment
ployeeco_d contact the _ectric power or circuits shall be tagged. _ .
circuit in the course o_ wor_. _ tn.e (b) Equipment and circuits. Eq.mp
employee is protected .agam?t _c numt or circuits that are. aeenerg_z,ea
shock by deenergizing the. ctrcm.,c ana shall be rendered inoperative, ana s nau
grounding it _or by gu.aramg li; enec- have tags attached at ali points where
lively by insulation or oliver means, such equipment or circuits can be ener-

(2) In work areas where the exact
location of underground electric (c) Tags Tags shall be placed to iden-

powerlines is unknown, employoes _ _ plai_,Yjtohe equipment or circuitsjack.hammers, bars, or other hand tools tmmg worzea
which ma contact a line shall be pr_
vided wi_._ insulated protective gloves. § 1_6.418-4 1926.430 [Reserved_

{3) Before work is begun the employer
shall ascertain by inquiry or d/re_ ob- Safety.Related Malntenanc.o and
servation, or by instruments, whether Environmental Considerations
any partof an energized electricpoWer § I_431 Miinuma_m of equipment.
circmt, exposed or concealed,is so lo-
caredthatthe performanceofthe work The employer shallensure that ali
may bringany person,toolor machine wiringcomponentsand utilizationequip-
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ment in hazardous locations are main- (5) Face shields, aprons, and rubber
rained in a dust-tight, dust-'_tion- gloves shall be provided for workers
p_oof, or explosion-proof condition, as handling acids or batteries.
appropriate. Thore shall be no loose or' (6) Facilities for quick drenching of
missing screws, gaskets, threaded con- the eyes and body shall be provided
nections, seals, or other impairments to within 25 feet (7.62 m) of battery han-
a tightcondition, dlingareas.

(7) Facilities shall be provided for
§ 1926.432 EnvironmenUd deterioration of flushing and neutralizing spilled electro-
equipment, lyre and for fire protection.

{a) Deteriorating agents. {1) Unless (b) Charging. (1) Battery charging in-
identifiedforuse inthe operatin_envi- statlationsshallbe locatedin areasdes-
ronment, no conductorsor eqmpment ignatedforthatpurpose.
shallbe located: (2)Charging apparatusshallbe pro-
{i)In damp orwet locations; tectedfrom damage by trucks.
{ii) Where exposed to gases, fumes, (3) When batteries are being charged,

vapors, liquids, or other agents having a the vent caps shall be kept in piace to
deteriorating effect on the conductors or avoid electrolyte spray. Vent caps, shall
equipment; or be maintained in functioning condition.

(iii) Where exposed to excessive tem-
peratttres. §1926.442-{}1926.448 {Reeervedt
{2)Control equipment, utilization

equipment, andbusways approved for Definitions
use in.dry locationsonly shallbe pro-
tected against damage from the weather § 1926.449 Deirmitiom appUcable to this
duringbuildingconstruction, subpe_

{b) Protection against corrosion. The definitions given in this section

Metal raceways, cable armor, boxes, _ply to the terms used in Subpart K.cable sheathing, cabinets, elbows, cou- definitions " here for "ap-
plings, fittings, supports, and support proved" and "Clu_'V_ .person" apply,.
hardware shall be of materials appropri- instead of the defimtlons given in
ate for the environment in which they § 1926.32, to the use of these terms in
aretobe installed. SubpartK.

§ 1926.433-_ 1926.440 __ Acceptable. An installation or equip-
meat is acceptableto the Assistant
Secretary of Labor, and approved within
the meaning of this Subpart K:

Sofety R_luiromonts for Spedol (a) If it is accepted, or certified, or
Equipment listed, or labeled, or otherwisedeter-

§ 1926.441 Batt4ffii_ am/ battery chaqjing. _ to be safe by a qualified testing
laboratory capable of determining the

(a) General requirement (1) Batter- suitability of materials and equipment
ies of the unsealed type shall be located for installation and use in accordance
in enclosures with outside vents or in with this standard; or
well ventilated rooms and shall be sr- (b) With respe:t to an installation or
ranged so as to prevent the escape of equipment of a kind which no qualified
fumes, gases, or electrolyte spray into testing laboratory accepts, certifies,
other areas, lists, labels, or determines to be safe, if

(2) Ventilation shall be provided to it is inspected or tested by another
nsure dii_ion of the gases from the Federal agency, or by a State, munici-
artery and to prevent the _ounulation pal or other local authority responsible

of an explosive mixture, fm" enforcing. occupational safety provi-
(3} Racks and trays shall be substan- sions of the National Electrical Code,

tial and shall be treated to make them and found in compliance with those
resistant to the electrolyte, provisions; or
(4)Floors shallbe of acid resistant (c)With respect to custom-made

construction unless protected from acid equipment or related installations which
_ulations. are designed, fabricated for, and in-
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tended for use by its manufacturer on pie, a change in current strength, pres-
the basis of test data which the eta- sure, temperature, or mechanical config-
ployer keeps and makes available for uration.
inspectionto the AssistantSecretary Bare conductor.See "Conductor."
and hisauthorizedrepre,_..ntatives. Bonding. The permanent joiningof
Acce_ted_ An installationis "ac- metallicparts to form an electrically

cepted' if it has been inspectedand conductivepath which willassureelec-
found to be safeby a qualifiedtesting tricalcontinuityand the capacityto
laboratory, conduct safelyany currentlikelyto be

Accessible. {As applied to wiring trnp°sed'ngt_eBond/
methods.) Capable of being removed or roper. A reliable conductor
exposed without damaging the building to assure required electrical conduc-
structure or finish, or not permanently tivity between metal parts required to
dosed in by the structure or finish of be electrically connected.
the building. {See "concealed" and "ex- Branch circuit_ The circuit conductors
posed.'_ between the final overcurrent device

Accessible. {As applied to equipment.) protecting the circuit and the outlet(s).
Admitting close approach; not guarded Building. A structure which stands
by locked doors, elevation, or other alone or which is cut off from adjoining
effective means. {See "Readily access(- structures by fire walls with ali open-
ble. '7 ings therein protected by approved fire

Ampacity. The current in amperes a doors.
conductor can carry continuously under Cabinet An enclosure designed either
the conditions of use without exceeding for surface or flush mounting, and pro-

vided with a frame, mat, or trim inits temperature rating.
Appliances. Utilization equipment, which a swinging door or doors are or

generally other than industrial, normally may be hung.
built in standardized sizes or types, Certified. Equipment is "certified" if
which is installed or connected as a unit it:
to perform one or more functions.

Approvecl Acceptable to the author- (a) Has been tested and found by aqualifie d testing laboratory to meet ap-
ity enforcing this Subpart. The author- pl(cable test standards or to be safe fority enforcing this Subpart is the Ass(s- use in a Specified manner, and
rant Secretary of Labor for {b) Is of a kind whose production is
Occupational Safety and Health. The peri0dic_.y inspected by a qualified
definition of "acceptable" indicates what testing laboraotory. Certified equipment
is acceptable to the Assistant Secretary must bear a label tag, or other record
of Labor, and therefore approved within of certification.
the meaning of this Subpart. Orcmt breaker, la) (600 volts nominal,

A ska_I. A generic term for a Lgr_PhOf or less.)A device designed to open and
nonflammable synthetic chlor(na Y" close a circuit by nonautomatic means
drocarbons used as dsctrical insulating . and to open tlm circuit automatically on
medi_ Askarels of various compost- .a predetermined overcurrent without in-
tional types are use& Under arcing jury to itself when properly applied
conditionsthe gases produced,while withinitsrating.
consisting predominantly of noncombus- {b) (Over 600 volts, nominal.) A
tible hydrogen chloride, can include switching device capable of makin,g, car-
varying amounts of combustible gases " and breaking currents under nor-
depending upon the aakarel type. _ng_t conditions, and also making,

Att_zchment plug (Plug .capXCap]. A carrying for a specified time, and break-tlldevice which, by insertion a .dffide, establishes col_nection circuit cvnditions, such as those of short
conductors of the attached flexible c_xi circuit.
and the conductors connect_ perma-
neatlytothers_, tat.le. ClassI/ocat/on_ClassI locationsare
Automatic _L1-acting,operatin_by thosein which flammable or va-

its own mechanism when actuatea by pors are or may be present _naS_heair in
some impersonal influence, as for exam- quantities sufficient to produce explo-
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sive or ignitible mixtures. Class I loca- tion from a source of clean air, and
tions include the following:, effective safeguards against ventilation

ta) Class L Division 1. A Class I, failure are provided.
Division 1 location is a location: NOTE:This classification usually includes

{1) In which ignitible concentrations locations where volatile flammable liquids or
of flammablegasesor vapors_may exist flammablegases or vaporsareused,but
under normal operatingconditions;or whichwouldbecomehazardousonlyi_case

(2) In which ignitible concentrations of an accident or of some unusual operating
of such gases or vapors may exist condition The quantity of flammable mar_-
frequently because of repair or mainte rial that might escape in case of accident, theadequacy of ventilating equipment, the total
nance operations or because of leakage; area involved, and the record of the industry

°r(3) In which breakdown or faulty op- or business with respect to explosions or firesare ali factors that merit consideration in
eration of eqmp'ment or processes might deUmnining the classification and extent of
release ignitible concentrations of flare- each locatio-
rnablegases or vapors,and might also Pipingwithoutvalves,checks,meters,and
cause simultaneousfailureof electric similar_eviceswouldnotordinarilyintroduce

equipment, a hazardousconditioneventhoughusedforflammableliquidsor gases. Locationsused
NOTE:Thisclassificationusuallyincludes forthe storageof flammableliquidsor of

locations w;_l'e volatile flmmmableliquids or ilquefmd or c_,mp_ _ in sealed con-
liquefied fil_mAble gases are transferred tmners woum not normauy be considered
from one container to another, interiors of hazardous unless also subject to other haz-
spray booths and areas in the vicinity of ardous conditions.

aying and painting operations where vols- Electrical conduits and their associated
flammable solvents am used; locations enclosures ssparated from fluids by a

• " open tanks or vats of volatile single seal or barrier are _ as a Divi-
_ h'quids; drying rooms, or compart- sion 2 location if the outside of the conduit
ments for the_evaporation of flammable sol- and enclosures is a nonhazardous location.
vents: inadequately ventilated pump rooms
for flammable gas or for volatile flammable Class II locations. Class II locations
liquids: and ali other locations where ignitible are those that are hazardous because of
concentrations of flammable vapors or gases the presence of combustible dust. Class
are likely to occur in the course of normal II locations include the following:.
operations, la) Class II, Division 1. A Class II,

(b) Class L Division 2 A Class I, Division 1 location is a location:
Division2 locationisa location-" (I)In which combustibledust is or

(1) In which volatileflammable _o- may be in suspensionin the airunder
uids or flammable gases are handled, nom_ operating conditions, in quanti-
processed, or used, but in which the ties mdfiCient to produce explomve or
hazardous liquids, vapors, or gases will -ignitible _; or
normally be confined within dosed con- (2) Where mechanical failure or abnor-
tainers or closed systems from which real operationof machinery or equip-
they can escape only in case of aociden- ment might cause such explosive or
ta] rupture or breakdown of such con- ignitible mixtures to be produced, and

tainers or systems, or in case of abnor- _" a]_o provide a source of ignition
real operation of equipment; or simultaneous failure of electric

(2) In which ignitible concentrations of protective de-

of gases or vapors are normally _ _'kfr_;_ O_auses,Or...._.: ven_d by positivemechanicalventila- combustibledusts of an
t/on, .and which might become hazard- electricatly conductive nature may be
ous through failure or abnormal present.

operations o| the ventilating equipment; NOTE:Combustible dusts which are electri-

°r{3) That is adjacent to a Class I, caUyno.tom.rive include dustsproduced m
the _ and prccm/_ ot Stain and

Division 1 location, and to which ignit- grain products, pulverized sugar and coc0a_
ible concentrations of gases or vapors dried egg and milk powders, p_venzea
might occasionally be communicated un- spices, starch and pastes, potato ana
less such communication is prevented woodflour, oil meal from beans and seed,
by adequate positive-pressure ventila- dried hay, and other organic materials which
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may produce combustible dusts when pro- easily ignitible fibers are stored or han-
cessed or handled. Dusts containing magne- died, except in process of manufacture.sium or aluminum __,_particularly hazardous

Collector ring. A collector ring is an
and the use of extreme caution is necessary a.s.sembl_" of slip rings for transferringto avoid ignition and explosion.

electrical energy from a stationary to a
(b) Class II, Division 2 A Class II, rotating member.

Divison 2 location is a location in which: Concealed Rendered inaccessible by
(1) Combustible dust will not nor- the structure or finish of the building.

mally be in suspension in the air in Wires in concealed raceways are consia-
quantities sufficient to produce explo- ered concealed, even though they may
sire or ignitible mixtures, and dust become accessible by withdrawing them.
accumulations are normally insufficient [See "Accessible. (As applied to wiring
to interfere with the normal operation of methods.)"]
electrical equipment or other apparatus; Conductor--{a) Bare. A conductor
or having no covering or electrical insula-

• {2) Dust may be in suspension in the tion whatsoever.
air as a result of infrequent malfunction- {b) Covered. A conductor encased

ing of handling or processingresu_iuip- withinmaterialofcompositionor thick-
ment, and dust accumulationsabno_n_ nessthatisnot recognizedas electricaltherefrommay be ignitibleby insulation.
operation or failure of electrical equip (c) Insulated. A conductor encased
ment or other apparatus, with material of composition and thick-

NOTE:This classification includes locations ness that is recognized as electrical
where dangerous concentrations of suspended insulation.
dust would not be likely but where dust Controller. A device or group of de-
accumulations might form on or in the vicin- vices that serves to govern, m some
ity of electric equipment. These areas may predetermined manner, the electric
contain equipment from which appreciable POWer delivered to the apparatus toquantities of dust would escape under abhor,
real operating conditions or be adjacent to a which it is conn_
Class II Division I location, as described Covered conductor. See "Conductor."
above, into which an explosive or ignitible Cutout` (Over 600 volts, nominal.) An
concentration of dust may be put into sus- assembly of a fuse support with either a
pension under abnormal operating conditions, fuseholder, _ carrier, or disconnecting

(a) C/ass III locations. Class III loca- blade. The fuseholder or fuse carrier
include a condu_ element {fuse

tionsare those that are hazardous be- may or _ act as the disconnecting
cause of the presenceof easilyignitiblelink),
fibersorflyingsbut inwhich such fibers blade by inclusionof a nonfusible
or flyingsarenot likelytobe insuspen- member.
sion in the air in quantities sufficient to Cutout bo_ An enclo_are designed for
produce ignitible mixtures. Class III surface mounting and having swinging
tocationsincludethe followings, doors or covers_ directlyto and

(a) Class III, Division 1. A Class III, telescoping with the ,walls of the box
Division I location is a location in which proper. (_See "Cabinet.
easily ignitible fibers or materials pro- Damp/ocation. See "Locatioa"
ducing combustible flyings are handled, Dead front. Without live parts ex-
manufactured, or used. posed to a person on the operating side

NOTE:Easily ignitible fibers and flhn_ of the equipmen.t.Deu/ce A umt of an electrical systeminclude rayon, co_ton (including cotton which is intended to carry but notand cotton wastel, sisal or henequen, istie,
jute. hemp. tow, cocoa fiber, oakum, baled utilize electric energy.
waste kapok. Spanish moss. excelsior, saw- D/sconnect/ng mean_ A device, or

dus_ woodchips, and other materials of simi- group of devicea or other meansfarnature, which theconductorsof a circuit can
{b)ClassIII,Division2:A ClassIII, d/sconnectedfrom theirsourceof sup-

Division2 locationisa locationinwhich ply.
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Disconnecting for Isolating) switcK Feeder. Ali circuit conductors between
(Over 600 volts, nominaL) A mechanical the service equipment, or the generator
switching device used for isolating a switchboard of an isolated plant, and
circuit or equipment from a source of the final branch-circuit overcurrent de-
power, vice.

Dry locatio_ See "Locatio_" Festoon lighting.. A string of outdoor
Enclosea_ Surrounded by a case, hous- lights suspended between two points

ing, fence or walls which will prevent more than 15 feet (4.57 m) apart.
persons from accidentally contacting en- Fitting. An accessory such as a
ergized parts, l.oc_, ut, bushing, or other part of a

Enclosure. The case or housing of wiring system that is intended primarily
apparatus, or the fence or walls sur- to perform a mechanical rather than an
rounding an installation to prevent per- electrical function.
sonnel from accidentally contacting en- Fuse. (Over 600 volts, nominal.) An
ergized parts, or to protect the overcurrent protective device with a cir-
equipment from physical damage, cult opening fusible part that is heated

Equipment A general term including and severed by the passage of overcur-
material, fittings, devices, appliances, rent through it. A fuse comprises all the
fixtures, apparatus, and the like, used parts that form a unit capable of per-
as a part oz, or in connection with, an forming the prescribed functions. It
electrical installation, may or may not be the complete device

Equipment grounding conductor. See necessary to conneet it into an electrical
"Grounding conductor, eq uipmenL " circuit.
enExplosion-proof apparatus. Apparatus GrouncL A conducting connection,

osed in a case that is capable of whether intentional or accidental, be-
withstanding an explosion of a specified tween an electrical circuit or equipment
gas or vapor which may occur within it and the earth, or to some conducting
and of preventing the ignition of a body that serves in piace of the earth.
specified gas or vapor surrounding the GroundeK Connected to earth or to
enclosure by sparks, flashes, or explo- some conducting body that serves in
sion of the gas or vapor within, and place of the earth.
which operates at such an external tem- Grounded, effectively. (Over 600 volts,
perature that it will not ignite a sur- nominal.) Permanently connected to
rounding flammable atmosphere, earth through a ground connection of

Exposea_ .(As app'.lipd to ilve pa_.) suffi_ciently low impedance and havingmdticient ampacity that ground faultCapable of being inadvertently touched current which may occur cannot build
or approached nearer than a safe dis- up to voltages dangerous to personnel.
rance by a person. It h applied to Grounded conductor. A system or cir-
not suitably ,_arded, isolated, or _ cuit conductor that is intentionallylated. (See 'Accessible." and "Con-
ceoJ_ ") grounded.

.. Grounding conductor. A conductor
ExposecL (As applied to _ meth- used to connect equipment or theods.) On or attached to the surface or ..

grounded circuit of a wu-mg system to a

behind panels designed to allow access. _rounmg_din_'nelectr°de or electrodes.[See "Accessible (As applied to wiring " conductor, equipmen_ The
methods.)"] conductor used to connect the

Exposed. (For the purposes of noncurrent-carrying metal parts of
§ 1926.408{d), Communication systems.) equipment, raceways, and other enclo-
Where the circuit is in such a position sures to the system grounded conductor
that in case of failure of supports or and/or the grounding electrode conduc-
insulation, contact with another circuit tor at the service equipment or at the
may result, source of a separately derived system.

Externally operabte. Capable of being Grounding electrode conductor. The
operated without exposing the operator conductor used to connect the ground-
to contact with live parts, ing electrode to the equipment ground-
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ing conductor and/orto the
conductor of the circuit at thegr°unded Isolated power s_stem. A system

service compris.in_, an isolating transformer or
equipment or at the source of a sepa- xr,s equivalent, a line isolation monitor,rarely derived system, and its

Labetec_ng_ounded circuit conductors.Ground-fault circuit interrupter. A de- quipment or materials to
vice for the protection of personnel that which has been attached a label, symbol
functions to deenergize a circuit or pot- or other identifying mark or a qualified
tion thereof within an established period testing laboratory which indicates com-
ot time when a current to ground ex: pliance with appropriate standards or
ceeds some predetermined vaIue that is performance in a specified manner.
less than that required to operate the Lighting outle_ An outlet intended
overcurrent protective device of the sup- for the direct connection of aply circuit.

lampholder, a lighting fixture, or a pen-
Guard_d_ Covered, shielded, fenced, dant cord terminating in a lampho[der.

enclosed, or otherwise protected by ListeK E_uipment or materials in-
means of suitable covers, casings, bard- cluded in a list published b_, a qualified
ers, rails, screens, mats, or platforms to testing laboratory whose listing states
remove the likelihood of approach to a either that the equipment or material
point of aanger or contact by persons or meets appropriate standards or hasobjects. been tested and found suitable for use

Hoistway. Any shaft;way, hatchway, in .a specified manner.
well hole, or other vertical opening or i.,ocation--(a) Damp location. Par-
space in which an elevator or dumb- tiaUy protected locations under cano-
waiter is designed to operate. pl_,. m.arquees,roofed open porches,

Identified (conductors or terminals), ana like locations, and interior locations
Identified, as used in reference to a sub_ect to moderate degrees of moisture,
conductor or its terminal, means that sucn as some basements.

such conductor or terminal can be recog- m_{b! _/oce/_cta_n-daAm !nocation not nor-nized as grounded. . .Y j p ees or wetness.
Identified (for the use). Recognized as A location classified as dry may be

suitable for the specific hmc-ti . PUrPose, temporarily subject to dampness or wet-
on, use, envvmnment, application, etc. nem, as in the case of a building under

whe_ described as a re_lutrement in this construction.
standard. Suitability of equipment for a (c) Wet locatio_ Installations under-
sp_c. p_urpose, environment, or appli- ground or in concrete slabs or masonry
.car_on ts aeterm_ed by a qualified test- in direct contact with the earth, and
ing labora_ry where such identification locations subject to saturation with wa-
includes la_ or listing. ,, ,, ter or Other liquids, such as locations

Insulated conductor. See Conductor. _ to weather and unprotected.
Interrupter switch. (Over 600 volts, Mobile X-ray. X-ray equipment

nominal.) A .switch capable of _making, mounted on a permanent base with
carrying, and interrupting specified cur- wheels and/or casters for moving whilerents.

Intrinsically safe equipment and asso- completely assembled.Motor control center. An assembly of
cia.ted wiring. Equipment and associated one or more enclosed sections having a

m which any spark or thermal common power bus and principally con-
ertect, produced either normally or in taining motor control units.
specified fault conditions, is incapable, Out/et. A point on the wiring system
under certain prescribed test conditions, at which current is taken to supply
of causing ignition of a mixture of utilization equipment.
flammable or combustible material in air Overcurrent. Any current in excess of
in its most easily ignitible concentra- the rated current of equipment or thetion. ampacity of a conductor. It may result

Isolate_ Not readily accessible to per- from overload (see definition}, short cix-
sons unless special means for access are cuit, or ground fault. A current in
used. excessof ratingmay be accommodated
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by certain equipment and conductors als referred to in this standard to deter-
for a "yen set of conditions. Hence the mine compliance with appropriate test
rules _or overcurrent protection are spe standards or performance in a specified
cific for particular situations, manner;,

Over/oar Operation of eq_d.'pmont _in (b) Inspecting the run of such items
excess of normal, full load rating, or of a of equipment and materials at factories
conductor in excess of rated am_'ty for product evaluation to assure complio
which, when it persists for a sufficient ance with the test standards:

length of time, would cause chic _ or (c) Service-value determinationsdangerous overheating. A fault, as through field inspections to monitor the
a short circuit or ground faalt, is not an pr use of labels on products and
overload. (See "OvercurrenL '_ wit°V for recall of the label inauthority

Panelboard A single panel or group the event a hazardous product is in-
of panel units designed for assembly in stalled;
the form of a single panel; including {d) Employing a controlled procedure
buses, automatic overcurrent devices, for identifying the listed and/or labeled
and with or without switches for the equipment or materials tested: and
control of light, heat, or power circuits; (e) Rendering creditable reports or
designed to be placed in a cabinet or findings that are objective and without
cutout box placed in or against a wall or bias of the tests and test methods

partition and accessible only from the employed.
front. {See "Switchboard _ naceway. A channel designed ex-

Portable X-ray. X-ray equipment de- presaly for holdin_ wires, cables, or
signedtobe hand-carrie&_ _ busbars,with additionalfunctionsas
Power fuse {Over600 volts,nominaL) pemfitted in this subpart.Raceways

See "Fuse." may be of metal or insulatingmaterial,
Power outlet.An enclosedassembly and the term includesrigidmetal con-

which may includerecepta_es,_t duit,rigidnonmetallicconduit,interme-
breakers,fuseholders,fused switches, diatemetalconduit,liquidtightfle_ble

metal conduit,flexiblemetallictubing,buses and watt-hourmeter mounting
means; intended to serve as a means for flexible metal conduit, electrical metallic
distributing power required to operate tubing, underfioor raceways, cellular
mobile or temporarily installed equip- concrete floor raceways, cellular metal
ment. floor raceways, surface raceways,

Premises wiring systent That interior wireways, and busways.
and exterior wiring, including power, Read//y accessible. Capable of being
lighting, control and signal circuit wit: reached q_i.'cldy f.0_. operation,, renewal,
ing togethm" with ali of its associated or "inspections, without reqmrmg..those
hardware, fittings, and wiring devices, to whom ready access is reqmmte to
both permanently and tsmp0rarfly in- climb over or remove obstacles or to
stalled,which extendsfrom the load end resortto portableladders,chairs,etc.
of the service drop, or load end of the (See "Accessible. ")
service taterM conductors to the out- Receptacle. A receptacle is a contact
let(s).Such wiringdoes not includewir- deviceinstalledat the outletfor the
ing internalto appliances,fixtures,mo- connectionof a singleattachmentplug.
tots,controllers,motor controlcenters, A singlereceptacA.eisa singlecontact
and similarequipment, devicewith no other contactcreviceon

A multiple receptacle isQua//fwd perso_ One familiar with the same yoke.
the constructionand operationof the a singledevicecontainingtwo or more
equipment and the hazards involved, receptacles.

Qualified testing laboratory.A prop. Receptacle outlet..An outlet where
erly equi'pl_d and staffed testing labora- one or more receptacles are installed.
tory which has capabilities for and Remote-control circuit. Any electric
which provides the following services: circuit that controls any other circuit

{a) Experimental testing for safety of through a relay or an equivalent device.
specified items of equipment and materi- Sealable equipmenc Equipment en-
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dosed in a case or cabinet that is thatenergizessignalingequipment.
orovided wit h a means of sealing Switchbo¢_ A large single panel,
,ocking so that live parts cannot _ frame, or assembly of panels which have
made accessiblewithout opening the switches,buses, instruments,overcur-
enclosure.The equipment may or may rent and other protective devices
not be operablewithout opening the mounted on the faceor back or both.
enclosure. Switchboards are generally accessible

Separately derived system A pre- from the rear as well as from the front
raises wiring system whose power is and are not intended to be installed in
derivedfrom generator,transformer,or cabinets.(See"PanelboarcL")
converter windings and has no direct Switches--{a} General-use switch. A
electrical connection, including a solidly switch intended for use in general distri-
connected grounded circuit conductor, bution and branch circuits. It is rated in
to supply conductors originating in an- amperes, and it is capable of interrupt-
other system, ing its rated current at its rated volt-
Service.The conductors and equip- age.

ment for delivering energy from the (b) General.use snap switc/_ A form
electricity supply system to the wiring of general-use switch so constructed
system of the premises served, that it can be installed in flush device

Service conductors. The supply con- boxes or on outlet box covers, or other-
ductors that extend from the street wise used in conjunction with wiring
main or from transformers to the ser- systems recognized by this subpart.
vice equipment of the premises supplied. (C) Isolating switch. A switch in-

Service overhead service tended for isolating an electric circuit
conductorsd_r_m tT_ee lastpoleor other from the source o_ power, lt has no

and itisintendedtoaerial support to and including the interrupting ra'thug, ano
splices, if any, connecting to the service- be operated only after the _t has
entrance conductors at the building or been _ed by some other means.
other structure. (d) Motor-circuit switch. A switch,

Serviceentrance conductors, overhead rated in horsepower, capable of inter-

system. The service conductors between _up_ the _um operating over-the terminals of the service eouiDment _ current of a motor of the same
and a pointusuallyoutsidethe_u_Iding, horsepowerratingas the switchatthe
clearof buildingwalls,where joinedby ratedvoltage.

itching device_ (Over 600 volts,tap or splice to the service drop. Sw
Service-entrance conductors, under, no_minaL) Devices designed to close

ground system. The service conducto.rs and/or open one or more electric circuits.
between the terminals of the service Included in this category are circuit
equipment and the point cf connection breakers, cutouts, disconnecting (or iso-
to the service lateral W,hem service la',t_ switches, disconnecting means,
equipment is located outside the build- _ interrupter switches.
ing walls, there may be no service- _portab/e X-my. X-ray equipment
entrance conductors, or they may be installed in a vehicle or that may readily
entirely outside the building_ be disassembled for transport in a vehi-
Service equipmen_ Tl_e necessary cle.

equipment, usually consisting of a cir- Utilization equipment. Utilization
cuit breaker or switch and fuses, and equipment means equipment which uti-
their accessories, located near the point lizes electric energy for mechanical,
of entrance of supply conductors to a chemical, heating, lighting, or similar

wise definedarea,and intendedto con- system.A utilizationsys-
stitute the main control and means of tem is a system which provides electric
cutoff of the supply, power and light for employee

Service raceway. The raceway that workptm:_, and includes the premises
encloses the servi_trance conductors, wiring system and utilization equip-

Signaling circuit. Any electric circuit ment_
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Vent__ Provided with a means to withdrawn from service. Inspection of
permit circulation of air sufficient to metal ladders shall include checking
remove an excess of heat, fumes, or for corrosion of interiors of open end

hollow rungs.
Va_o_ _mmable //q_ A flamma- (3) Manufactured portable wood lad-
ble liquid having a flash point below 38 ders provided by the employer shall be
degrees C (100 degrees F) or whose in accordance with the provisions of
temperature is above its flash _.t, or the American National Standards In-
a Class II combustible liquid having a stitute, A 14.1-1968, Safety Code for
vapor pressure not exceeding 40 psia Portable Wood Ladders.
(276 kPa) at 38 ° C (100 ° F) whose (4) Portable metal ladders shall be

ro/ta_atureis above its flash point, of strength equivalent to that of wood
(Of a circuit.) The greatest ladders. Manufactured portable metal

root-mean-square (effective) difference of_ ladders provided by the employer shall
potential between any two conductors of be in accordance with the provisions
the circuit concern_L of the American National Standards

Voltage, nom/r_ A nominal value Institute, A 14.2-1956, Safety Code for
assigned to a circuit or s)'_ for the Portable Metal Ladders.
pUZlX)es of conveniently designating its (5) Fixed ladders shall be in accord-
voltage class (as 120/240, 480Y/277, 600, ance with the provisions of the Ameri-
etc_). The actual voltage at which a can National Standards Institute. A
circuit .operates can vary from the nomi- 14.3-1956, Safety Code for Fixed Lad-
nal within a range t, mt permits satisfac- dens.
tory operation of eqt/_pment. (6) Portable ladder feet shall be

Voltage to ground, For grotmded cir- placed on a substantial base, and the
cuits, the voltage between the given are_ ground the top and bottom of the
conductor and that point or conductor ladder shall be kept clear.
of the circuit that is grmmded; for (7) Portable ladders shall be used at
ungrmmded circuits, the greatest volt- such a pitch that the horizontal dis-
age _etwesn the given conductor and tance from the top support to the foot

other conductor of the circuit, of the ladder is about one-quarter of
an_vatertightV So constructed that mois- the working length of the ladder (the

ture will not enter the enclosure, length along the ladder between the
Weatherproof. So constructed or pro- foot and the top support). Ladders

tacted that exposure to the weather Will shall not be used in a horizontal posi-
not interfere with successful operlstion, tion as platforms, runways, or scaf.
Rainproof, raintight, or watertight folds.
equipment can fulfill the requirements (8) Ladders shall not be placed in
for weat_rProof where varying weather passageways, doorways, driveways, or
conditions other than wetness, such as any locgtion where they may be dis-
snow, ice, dust, or temperature ex- placed by activities being conducted on
tremes, are not a factor, any other work, unless protected by

Wet location. See "Loast/o_" barricades or guards.
(9) The side rails shall extend not

Subport L--Ladders and kaffolding less than 36 inches above the landing.
when this ts not practical, grab rails,

§ 1926.4@) L_lder_ which provide a secure grip for an em-
(a) _ requiremenLt (1) Except ployee moving to or from the point of

where either permanent or temporary access, shall be installed.
stairways or suitable ramps or run- (10) Portable ladders in use shall be
ways are provided, ladders described in tied, blocked, or otherwise secured to
this subpart shall be used to give safe prevent their being displaced.
access to ali elevations. (11) Portable metal ladders shall not

(2) The use of ladders with broken be used for electrical work or where
or mlssin8 rungs or steps, broken or they may contact electrical conduc-
split side rails, or other faulty or de- tors.
fective construction is prohibited. (b) Job.made ladders. (I) Job-made
When ladders with such defects are ladders shall be constructed for in-
discovered, they shall be immediately tended use. If a ladder is to provide

1gA
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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.

I_ESPONSIBILITIES: 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.

RAZARDS ANALYSIS:

The sources of possible personnel injury or property damage associated
with the operations are:

1. Drilling Operatign_

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 engine generators. Working conditions
may be wet and electrical shock possible.

3. Mateda!.HBndling

Lifting of heavy and bulky equipment and boxes on and off truck at emplacement
locations is required.

OPERATING 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. 0.12| Expires: 3.14-94

Review Level: A

1. 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 weil.

2. The LLNL Health & Safety Manual will be made available to ali personnel involved in
the field operations. They will be required to be familiar with portions of the manual
applicable to the particular operation.

3. 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. Ali injuries and
accidents will be reported promptly to the Field Supervisor. Hazards Control will also
be notified as soon as possible.

4. 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.

5. 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.

6. 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 ali drilling operations.

7. Safety belts and lanyards will be worn whenever it is neces,,iary to climb up on the
aerial platform.

8. 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.

9. All electrical systems shall be checked for grounding continuity and for compliance
with the National Electrical Code during initial installation and periodically during
operation.

10. Any equipment or materials left in the field unattended must be turned off, secured,
and barricaded.
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1 1. Open trenches or excavations must have barricades to provide protection for
pedestrians, bicyclists, and motor vehicles. Each barricade that will be in piace during
darkness must be equipped with a yellow flasher.

12. Ali 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 ali 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

2.1 Aquifer mapping and sampling.

2-2 Drilling and construction of monitor wells, extraction wells,
piezometers and the installation of associated pumping equipment.

2.3 Soil, rock, and ground water sample collection.

2-4 Geophysical measurements at surface.

2.5 Location: Off-site in the Livermore Valley and areas surrounding Site
300.

3.0 Responsfl_ilities

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 ali
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 I. Greci. Site 300 (Ext. 3-5043) shall assume these
responsibilities.
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3.2 Others involved in this operation include W. McConachie,
EnvironmentalProtectionDepartment,(Ext.3-3501);Environmental
RestorationDivisionLeader;|.Ziagos,Site200 RestorationSection
Leader,(Ext.2-5479);A. Lamarre,Site300 RestorationSectionLeader,
Ext. (2-0757).

3.3 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 wiU 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
originalOSP.

3.4 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.

4.0 Hazards Analysis

4.1 Drilling Operations

Personnelworking inand neardrillingrigsareexposedtoa varietyof
mechanicalhazardsincludingmoving machinery,high pressure(e.g.
hydrauliclines),flammable and/or combustiblefluids(gasolinein
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.

4.2. Elec_cal 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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4.3 Underground Utilities

Drillingoperationsmay encounterburiedutilitiesincludinggas and
electricallines.Drillingintoelectricallinesmay potentiallyresultin
exposuretoveryhigh voltagesthatcouldbe fataland/or initiatefires.
Drillingintogaslinesmay potentiallyresultinan explosion.

4.4 Material Handlin_
v

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.

4.5 .Contaminated...Materials

Drillers,geologists,samplers and support personnelmay come in
contactwith sediments,rock,soil,ground waterand drillingfluids
which have been contaminated with varying concentrationsof
hazardous materials.The benzene component of gasoline,some
halogenatedsolvents,some metals,and theradionuclideswhich may
be encounteredmay be carcinogenicorhazardous;repeatedexposureto
thesematerialsby inhalation,ingestion,or skin absorptionmay
increasetheriskofdevelopingcanceror otherailments.In addition,
overexposuretohalogenatedsolventsmay resultin centralnervous
systemdamage, liverdamage, aswellas adversereproductivegenetic
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.

4.6 GeovhvsicalMeasurements
-- . w

A varietyof surfacegeophysicalmeasurements may be conducted
using seismicand electricaltehniques.Seismicsourcesincluding
vibrators,weight drops,airgunsand shotgun shells,presentthe
possibilityof injury.Some seismicsourcesemit loud noisesand 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.

4.7 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 (ACGI_
andadopted by LLNL.

5.0 Controls

The hazards listed in Section 4.0 are addressed in the LLNL Health and Safety
Manual, the Environmental Restoration Program Standard Operating
Procedures,the EnvironmentalRestorationSeriesSiteSafetyPlan and the
Safetyand OperationsManual forSite300. Thesedocumentsareprovidedto
and discussedwith allpersonnelincludingthoseinvolvedin drillingand
sampling operations before work begins so that each worker is familiar with
portions of the documents pertaining to _,e particular operation.

The Site Safety Officer or desi_aated person is responsible for safe working
conditions and shall halt work if site conditions are deemed unsafe.

Operations shall not be resumed until the conditions have been corrected. In
addition,a dailysafetymeetingshallbe conductedwith theField Geologist
priorto the commencement ofdrillingoperationstohighlightspecificsafety
concernsparticulartotheday'soperations.

The followingsectionlistsadditionalsafeguardsto address the specific
hazardsdescribedinSection4.0.

5.1 Drillin_Overations-- v --

5.1.1Ali subcontractorsworking on and around drillrigsshallbe
properly trained to work on these rigs by their companies in
accordance with LLNL recognized standards.

5.1=?. 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.

J
/
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Hearingprotectionmay be requiredifnoiseisabove acceptable
levelsasdeterminedby HazardsControl.

5.1.3Only trainedoperatorsshallbe used fordrillingoperations.In
addition,thesafeuse of drillingmachineryshallbe highlighted
during the dailysafetymeeting. All hoses operatingunder
pressureshallbe securelytethered.

5.1.4Workers required to climb drillingmasts to perform
maintenanceand repairsarerequiredtowear safetybeltsand/or
lanyarcis.Allworkersrequiredtowork on themast ofthedrill
rigshallbe properlytrainedin the use of safetybeltsand
lanyardsby theircompaniestoconformwithLLNL standards.

5.1.5An exclusion"zone shallbe clearlymarked withbarricades,signs
and/or tapingwhere onlytrainedpersonnelassociatedwiththe
driUing operations are permitted.

5.1.6Open boreholesand wellsshallbe coveredand/orsecuredwhen
unattended.

5.2 ElectricalHaza,,r_

Allelectricalsystemsused duringdrillingand sampling operations
shall be checked for proper grounding during the initial installation.

5.3 Underground Utilities

The Underground ServicesAlert(U.S.A.), City of Livermore,land
owners,and Zone 7 Water Boardshallbe notified seven (7)daysprior
to commencement of drillingoff-sitenear Livermore. San Ioaquin
County HealthServices,U.S.A.and landownersshallbe notifiedprior
tocommencement ofdrillingoff-sitenearSite300. Afterclearanceby
these agencies as to location of buried utilities, the LLNL designated
DrillingSupervisorshallapprove the locationof new wellstoavoid
any possibilityofdisruptingtheseutilities.

5.4 Material Ha..ndling

Workers are instructedin safehandlingand liftingpractices.Ifany
specializedliftingequipmentistobe used,onlytrainedoperatorsshall
be authorizedtousesuchequipment.
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5.5 Contaminated Materials

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 driUing 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.

5.6 Geophysical Measurement_

If explosives are _,_ed as a seismic source, the Shot Loader and
Detonator shall be fa_y 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.

5.7 Noise

Whenever new or previouslyunevaluateddrillingequipment isused,
thedrillinggeologistshallcontactHazards ControlES&H Team 4 to
obtaina noisesurvey.Ifnoiseexposuresapproachor exceed85 dB(A)
hearingprotection,asrecommended by HazardsControlshallbe worn
by allemployeesworkingwithinthedesignatedhazardradius.

5.8 OtherSafetyDocuments

The LLNL Health & 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 partictflar
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operation.A dailysafetymeetingwith thefieldpersonnelshallbe
conducted by the FieldGeologistpriorto the commencement of
drillingoperations.

5.9 Beforeconductingany operationson a facilitycontrolledby another
organization,theSiteSafetyOfficeror designatedDrillingSupervisor
shallcontactthe hostFacilitySafetyOfficerto determinesitesafety
regulations,and toresolveany discrepancybetween thoseregulationsand thisOSP.

5.10 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 ali field activities.

5.11 Each operation shall be conducted in accordance with the Laboratory's
'WVorking 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.

5.12 Any equipment or materials left in the field unattended shall be turned
off, secured and barricaded prior to leaving the site.

5.13 If any operation requires entry onto private property, the Site Safety
Office. 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 ali
persons associated with the property are aware of the LLNL operation.

6.0 Environmental Concerns and Controls

6.1 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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6.1.1During drillingoperations,the drillcuttingsor drillingfluids
shallbe monitoredby theFieldGeologistas outlinedinSection
5.5 to ensure that no cross-contaminationor surface
contaminationoccurs.

6.2 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.

6.2.2No drillingactivitieswill be conducted which may
endangera populationoflarge-floweredfiddleneck.

6.3 Drillingdebris,decontaminationmaterialsand discardedsafety
equipment shallbe placedinseparatecontainerslabeled"Potentially
Hazardous Waste-PendingAnalysis"and storedintheEnvironmental
RestorationDivision'sdesignatedWaste Accumulation Area at
Building597 or,forwork atSite300,Building843Waste Accumulation
Area untilanalyticalresultsarereceived.Any materialsfound tobe
contaminated shallbe disposed of through Hazardous Waste
Management.

6.4 Drillingmud shallbe disposed of according to Environmental
ProtectionDepartment'sEnvironmentalRestorationSeriesStandard
Operating Procedures for Site 200, dated July 1990, (M-24S Rev. 1.3) and
Site 300 dated August, 1992, (UCRL-MA-10911S).

6.5 No drilling operations will be conducted in identified historic or
prehistoric sites at Site 300, and access through these sites will be
res_cmd by means of stakes, flagging, barricades, etc.

7.0 Training

7.1 All authorizedoperatorsshallhave completed the followingsafety
courses if they are utilizingintrusivemethods into potentially
contaminatedareas:
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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.

HS-0095 - Health and Safety for Employees and Visitors at Site 300.
7.2 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. Ali personnel shall have taken the
annual 8 hour refresher Health and Safety training as necessary.

7.3 If noise levels are found to exceed 85 dB(A) ali LLNL and supplemental
labor employees working on the site shall attend HS-4360 "Noise".

7.4 The responsible individual shall ensure that ali required training,
including on-the-job training if applicable, is complete anddocumented.

8.0 Maintenance

8.1 Ali 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.

8.2 Drilling equipment shall be maintained by the drilling subcontractor.

9.0 Quality Assurance

9.1 QualityAssurance requirementsare detailedboth in the Quality
AssuranceProjectPlan- 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_tance to their employees if they are injured or become iii.
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. Ali 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 Environmental Restoration Program Standard Operating Procedures,
July 1990, #M-245 Pev. 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**

LEVEL A . To be selected when the greatest level of skin, respiratory, and
eye protection is required.

Level A equipment; used as appropriate.

1. 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).

2. Totally encapsulating chemical-protective suit.

3. Coveralls.*

4. Long underwear.*

5. Gloves, outer, chemical-resistant.

6. Gloves, inner, chemical-resistant.

7. Boots, chemical-resistant, steel toe and shank.

8. Hard hat (under suit).*

9. 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. Pressure-demand, full-face piece self-contained breathing apparatus (SCBA), or pressure-
demand supplied air res,girator with escape SCBA (NIOSH approved).

2. Hooded chemical-resistant clothing (overalls and long-sleeved jacket; coveralls; one or two-
piece chemical-splash suit; disposable chemical-resistant overalls).

3. Coveralls.*

4. Gloves, outer, chemical-resistant.

5. Gloves, inner, chemical resistant.

6. Boots, outer, chemical-resistant steel toe and shank.

7. Boot-covers, outer, chemical resistant (disposable)*.

8. Hard hat.
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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).

2. Hooded chemical-resistant clothing (overalls; two-piece chemical-splash suit; disposable
chemical-resistant overalls).

3. Coveralls.*

4. Gloves, outer, chemical-resistant.

5. Gloves, inner, chemical resistant.

6. Boots, outer, chemical-resistant steel toe and shank.*

7. Boot-covers, outer, chemical resistant (disposable).*

8. Hard hat.

9. 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.

1. Coveralls.

2. Gloves.*

3. Boots/shoes, chemical-resistant steel toe and shank.

4. Boots, outer, chemical-resistant (disposable).*

5. Safety glasses or chemical splash goggles.*

6. Hard hat.

7. Escape mask.*

8. 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,

2. Substances with a high degree of hazard to the skin are known or suspected to be present, and
skin contact is possible, or

3. 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.

2. 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. The atmospheric contaminants, liquid splashes, or other direct contact will not adversely affect
or be absorbed through any exposed skin,

2. The types of air contaminants have been identified, concentrations measured, and a canister
respirator is available that can remove the contaminants, and

3. All criteria for the use of air-purifying respirators are met.

Level D protection should be used when:

1. The atmosphere contains no hazard, and

2. 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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