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1.

INTRODUCTION

This document presents the post-construction Operation and Maintenance (O&M) Plan
for the engineered soil cover and other components of the remedy installed at Landfill E
(LFE) at the Presidio of San Francisco, California (the Presidio). The O&M Plan
describes measures that are designed to maintain the remedy at the site to ensure that
the remedy remains protective of human health and the environment.
1.1

Project Overview

As documented in the Construction Completion Report (CCR) prepared by Geosyntec
Consultants, Inc. (Geosyntec, 2011d), construction of an engineered soil cover at LFE
was performed consistent with the approved Final Remedial Design and
Implementation Plan (RDIP) prepared by Geosyntec (2011c) on behalf of the Presidio
Trust (the Trust). The RDIP, which was approved by the DTSC on June 21, 2011,
presented the implementation plan for the preferred remedy selected in the Final
Feasibility Study and Remedial Action Plan (FS/RAP) for LFE, prepared by Geosyntec
on behalf of the Trust (Geosyntec, 2011b). The FS/RAP summarized the studies
undertaken to evaluate the nature and extent of fill materials and associated impacts,
identified the chemicals of concern (COCs), presented and evaluated potential remedial
alternatives for the site, and described the preferred alternative.
1.2

Description of LFE

LFE was created by filling a portion of the western drainage of the Tennessee Hollow
area, previously used as a small-arms firing range designated the Barnard Avenue
Protected Range (BAPR). LFE is approximately 4.8 acres in area and is bounded by
Barnard Avenue on the northwest and Quarry Road on the southwest (CH2M Hill,
2005). Fernandez Road is approximately 500 feet to the north (Figure 1).
LFE reportedly contains soil mixed with building debris, municipal-type solid waste,
and chemical waste (Montgomery Watson, 1999). The total landfill volume at LFE is
estimated to be 107,500 cubic yards (EKI, 2003). LFE has a maximum depth of fill of
approximately 39 feet below ground surface (ft bgs) in the north-central portion, and
pinches out at the canyon walls. Figure 2 presents a site plan of LFE with postconstruction topography and landfill limits
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COCs present in the soil and debris fill that could pose potential risks to human health
and the environment are listed below (Geosyntec, 2011b):
Metals
Antimony
Arsenic
Barium
Cadmium
Copper
Lead
Selenium
Silver
Vanadium
Zinc

Pesticides

Polycyclic Aromatic
Hydrocarbons (PAHs)

4,4-DDE
4,4-DDT
Tetraethyl lead

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Chrysene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

The FS/RAP concludes that COCs have not been detected at concentrations or
frequencies in groundwater that pose a risk to human health or the environment
(Geosyntec, 2011b).
1.3

Remedial Action

The Final Feasibility Study/Remedial Action Plan (FS/RAP) was prepared by
Geosyntec on behalf of the Presidio to provide an analysis of remedial alternatives for
LFE (Geosyntec, 2011b). The following remedial alternative was selected in the
FS/RAP:
Alternative 3: Containment and Monitoring. Construction of an engineered
cover system over contaminated soil and waste, including implementation of land
use controls (LUCs) and installation of a landfill gas (LFG) venting system and
surface water drainage system.
Post-closure long-term monitoring of
groundwater, surface water, LFG, and the cover. Three types of cover systems
were evaluated: Alternative 3a) Engineered Soil Cover; Alternative 3b)
Engineered Clay Cover; and Alternative 3c) Engineered Geosynthetic Cover.
Alternative 3a provides a high level of protection to human health, is implementable,
readily maintained and monitored, and is cost-effective to implement. Containment of
the landfill also allows future site restoration and development in accordance with the
Tennessee Hollow Upper Watershed Revitalization Project Environmental Assessment
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(THEA) (Trust, 2007), Presidio Trust Management Plan (PTMP) (Trust, 2002), and
Vegetation Management Plan and Environmental Assessment (VMP) (Trust and NPS,
2001).
1.4

Remedial Design

The Final Remedial Design and Implementation Plan (RDIP) was prepared by
Geosyntec on behalf of the Presidio to present the design and provide details of the
implementation approach for the preferred remedy for LFE (Geosyntec, 2011b). The
primary elements required to design closure of LFE are excavation and final grading
plans, supported by slope stability analyses, long term landfill settlement evaluations,
landfill gas control, and drainage and erosion control systems. A brief summary of
these closure design elements are described below:
•

Grading Approach and Plans – The final grading contours for LFE are designed
to promote lateral run-off of surface water and maintain positive slopes after
settlement for surface water runoff. The topdeck area is designed with minimum
grades of 2%. The north slope is designed to have approximately 3H:1V grades
throughout.

•

Seismic Hazard Evaluation – LFE is located in an area of high seismicity. As a
result, the site can expect strong shaking during a seismic event. A seismic hazard
evaluation was performed to assess the degree of shaking that the landfill can
expect. The design earthquake for LFE closure is a magnitude 7.9 earthquake on the
San Andreas Fault approximately 5.6 miles from the site, with a peak ground
acceleration of 0.36g.

•

Global Slope Stability – Geosyntec performed slope stability analyses along two
cross-sections through LFE. Analyses included static slope stability and an
evaluation of seismically induced deformation. A static factor of safety greater than
or equal to 1.5 was achieved for all landfill cross-sections analyzed. Seismically
induced deformations of between 4 and 11 inches under the design earthquake were
computed, which fall within the acceptable range for the standard of practice for
unlined landfills.

•

Cover Slope Stability – The stability of the cover system on the steep 3H:1V north
slope was evaluated using infinite slope stability techniques for a range of strength
parameters. The required minimum strength envelopes needed to achieve adequate
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stability of the cover soils was evaluated. Strength testing performed for the fill
source that was ultimately used for north slope cover (EBMUD Miller Road soil)
was found to exceed the minimum design strength requirements.
•

Landfill Settlement – A key component of landfill cover design is establishment of
sufficient slope such that positive drainage off of the cover is maintained and
infiltration is minimized. The cover for LFE incorporates 2% minimum slopes on
the topdeck, and primary drainage swales sloping at approximately 1.5% towards
the north slope. Settlement analyses performed to evaluate the potential long term
slope configuration after settlement indicated that final closure areas are anticipated
to have positive drainage throughout the 30-yr post-closure maintenance period. The
concrete lined v-ditch on the eastern side of the landfill conforms to cover grades
and has limited areas with less than 1% slope, but is anticipated to have minimal
settlement as it is at the margins of the landfill.

•

Landfill Gas System – Based on the presence of localized pockets of methane
within LFE, Geosyntec performed a conservative evaluation of the landfill gas
(LFG) generation potential at LFE, and designed an LFG collection and passive
venting system. The LFG collection system design is not intended to prevent landfill
gas from migrating upwards through the cover soils, but rather to provide an easy
path out such that if cover soils in some areas are of low permeability, the LFG will
have an escape path rather than being forced to migrate laterally beyond the limits
of the landfill. Based on the evaluation of LFG generation potential in conjunction
with air dispersion modeling from LFG vents, Geosyntec developed two scenarios
for passive venting. Short 4 ft tall, 4-inch diameter LFG vents can be used while
enclosed within a fence providing an offset of 1 m (3.3 ft) around each vent. Taller
13 ft tall, 4-inch diameter LFG vents are adequate without the use of the fence
enclosure. The shorter 4 ft tall vents were constructed as part of the final closure.

•

Surface Water Management – The LFE surface water management system was
designed to manage the 100-yr, 24-hour storm event. The surface water
management system is separated into a west and east side drainage feature (Figure
3).
Offsite runoff enters the western system from the existing access road near the
southeast corner of the landfill, as well as from a natural drainage channel entering
near the southwest corner. This water is conveyed within the primary western
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channel to the northwest corner of the landfill topdeck, where it enters a buried pipe
that discharges on a riprap energy dissipation pad at the northwestern toe of the
landfill.
A smaller amount of runoff enters the eastern conveyance, starting near the
southeast corner of the landfill and continuing to the approximate midpoint of the
eastern side of the landfill. At this point, the conveyance transitions to a buried
pipe, collecting additional runoff from an additional drop inlets near the
northeastern corner of the topdeck, as well as from two offsite pipes draining
surface water from Quarry Rd east of the landfill.
A separate slotted trench drain, drop inlet, and associated buried pipe collect runoff
from the planned paved area at the northern end of the LFE topdeck. This water
discharges to a third riprap energy dissipation pad at the northeastern toe of the
landfill. While originally designed to discharge to a water quality basin at the toe of
the landfill, installation of the pavement of the topdeck was postponed to a future
date, such that the water quality basin was no longer needed.
Details of the above elements can be seen in the construction photographs and as-built
drawings included in the CCR (Geosyntec, 2011d).
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2.

INSPECTION, MAINTENANCE AND REPAIR

The cover system for LFE has been designed to function with minimum maintenance.
However, a post-closure inspection and maintenance program is required at the site to
verify that containment and monitoring components retain their integrity. Qualified
personnel will inspect the containment area to assess the condition of the cover system.
These personnel may include Presidio Trust staff, or qualified consultants and/or
contractors hired by the Presidio Trust to perform these duties. Inspections should be
performed under the supervision of a qualified professional.
The inspector will walk the site and document conditions that may compromise the
integrity of the cover system, or conditions that indicate it is not functioning as
designed. Following completion of the inspections, a report will be prepared that
discusses the condition of the cover system. Recommendations for required
maintenance and repair will be made as necessary. DTSC will be notified within 48
hours of the observation of any significant breach, failure, or repair of the cover system.
Table 1 presents a sample Site Inspection Log to be used during site inspections to
document conditions of the soil cover and other elements of the remedy, and to
recommend actions for maintenance and/or repair of any deficiencies noted. Alternate
forms may be developed by the Trust in the future based on findings from initial rounds
of inspection. Photographs should be taken at the time of the inspection to document
Site conditions.
Table 2 presents a one page summary of the key remedy features, and associated
inspection, maintenance and monitoring elements. Inspections will occur on a quarterly
basis for an initial one-year period. At the conclusion of the first year, the cumulative
data set will be reviewed and appropriate changes to the inspection program will be
proposed, if any. Additional inspections will be performed after significant storms (25year, 24-hour) or significant seismic events (M=5.5 or greater within 100 miles of the
Site) to verify integrity of the cover system.
In addition to elements shown on the site plan (Figure 2), Figure 3 presents the key
surface water and erosion control features of the remedy at the end of construction.
Figure 4 presents locations of groundwater, surface water, and landfill gas (LFG)
monitoring points. Tables 1 and 2 along with Figures 2 through 4 will be referenced by
any personnel performing field inspection, monitoring or maintenance work at LFE.
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2.1

Soil Cover

Primary containment at LFE is achieved by the 2-ft minimum thickness soil cover, with
slopes ranging from 2% on the topdeck to up to 3H:1V on the north slope, channels and
perimeter slopes. Observations of the soil cover during inspection that would warrant
documentation and subsequent attention include but are not limited to:
•
•

•
•
•
•

excessive soil erosion;
depressions where significant ponding is observed (during or after wet weather)
or where the soil cover appears to have settled significantly relative to the
surrounding area such that wet weather ponding is anticipated;
cracking of the cover soils;
slope failure;
rodent burrows; and
other observed conditions that affect the functionality of the soil cover.

Maintenance of soil covers may include:
•
•
•

•

additional placement and compaction of soil;
filling of rodent burrows;
if significant settlement is observed on the topdeck, as opposed to erosion, local
removal of cover soil and landfill gas (LFG) geocomposite may be required,
followed by grading of foundation layer, and replacement/repair of the LFG
geocomposite, and replacement of cover soil may be needed to remove potential
depression where water might accumulate in geocomposite; and
other elements (e.g., erosion control measures, revegetation, pavement repair,
etc.) described in subsequent sections that mitigate cover soil erosion.

All repairs will be made in accordance with approved specifications and the cap design
presented in the RDIP and the as-built documentation in the CCR (Geosyntec, 2011d).
2.2

Drainage Conveyances and Structures

Surface water conveyances and drainage structures installed with the LFE cover system
include the southern and western channels, eastern concrete swale, access road swale,
several drop inlets, outlet structures, buried pipes, and riprap spill pads for energy
dissipation (See Figure 3). Conditions observed during site inspection that would
warrant documentation and subsequent attention include, but are not limited to:
Final LFE OandM Plan - 01-24-12.docx
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•
•
•
•
•
•

debris or other obstructions within water conveyance structures such as pipes,
channels, swales, inlet or outlet structures, and trench drains;
any other accumulation of debris or sediment that could impede runoff;
areas of significant ponded water in channel 1 ;
missing or damaged safety grates at inlet or outlet structures;
missing or degraded riprap at outlet spill pads; and
cracked or otherwise damaged concrete in the eastern swale or the northwestern
drop inlet.

Maintenance of drainage systems may include:
•
•
•
•

removing sediment buildup and debris from drainage channels and inlet/outlet
structures
additional placement and compaction of soil;
repairing or replacing concrete, steel or other elements of the inlet/outlet
structures; and
repairing or replacing riprap.

All repairs will be made in accordance with approved specifications and the cap design
presented in the RDIP and the as-built documentation in the CCR (Geosyntec, 2011d).
2.3

Erosion Control Measures

At the end of construction in 2011, erosion control was established through the use of
erosion control blankets, fiber rolls, silt fences, and mulch. Future erosion control
measures may include vegetation along the north face and the southern and western
channels, and paving of the future parking area (see Section 2.5). If completion of these
future elements is postponed, the existing erosion control measures will continue to be
maintained or replaced as needed to ensure erosion control measures meet design
criteria.

1

Some ponding of water in the southern and western channels is acceptable given the presence of a
drainage geocomposite and geomembrane separating the channel cover soils and underlying waste. Once
vegetation is established in the channel, some ponding of water will also be beneficial to plant growth for
enhanced erosion control.

Final LFE OandM Plan - 01-24-12.docx

8

January 2012

2.3.1

Erosion Control Blankets

Erosion control blankets (ECBs) were installed over much of the project area, including
the top deck, western and southern channel, and along the south access road swale.
Two different ECBs were installed at LFE:
•
•

American Excelsior Company Premier Coconut Fibrenet was installed on all
areas of the project, except the south access road swale; and
North American Green C125BN, which has a higher velocity rating, was
installed only in the access road swale.

Maintenance of damaged or degraded ECBs may include repair and replacement of the
installed fabric according to manufacturer’s instructions and consistent with the original
installation at LFE.
General recommendations regarding the inspection and
maintenance of ECBs can be found in section EC-7 (Geotextiles and Mats) from the
California Stormwater Quality Association (CASQA) BMP handbook (CASQA, 2009).
2.3.2

Wood Mulch

The top deck, perimeter slopes, and north slope areas of Landfill E were covered with
wood mulch 2 , both as an erosion control measure and to reduce the potential for nonnative weed growth. The thickness and integrity of the wood mulch will be inspected as
part of the cover system monitoring. As needed, additional mulch will be placed as part
of maintenance efforts to limit erosion and continue weed control. General
recommendations regarding inspection and maintenance requirements for the wood
mulch can be found on fact sheet EC-8 from the CASQA BMP Handbook (CASQA,
2009).
2.3.3

Fiber Rolls

Fiber rolls were placed on the top deck, perimeter slopes, and north slope as an erosion
control measure (see Figure 3). The condition the fiber rolls will be inspected as part of
the cover system monitoring. Maintenance of damaged or degraded fiber rolls may
include replacement of the previously installed fiber rolls according to manufacturer’s

2

Due to availability restrictions, a limited portion of the topdeck, near the northwestern corner, was
covered with straw and jute netting instead of mulch during original construction. Geosyntec understands
that this area will be covered with mulch by the Presidio Trust as suitable material becomes available.
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instructions and consistent with the original installation at LFE.
General
recommendations regarding inspection and maintenance requirements for the fiber rolls
can be found on fact sheet SE-5 from the CASQA BMP Handbook (CASQA, 2009).
2.3.4

Silt Fences

Silt fences were installed at the northern limit of the project to reduce the potential for
offsite migration of sediment from LFE (see Figure 3). The condition of the silt fences
will be inspected as part of the cover system monitoring. Maintenance of damaged or
degraded silt fences may include replacement of the previously installed silt fences
according to manufacturer’s instructions and consistent with the original installation at
LFE. General recommendations regarding inspection and maintenance requirements for
the silt fences can be found on fact sheet SE-1 from the CASQA BMP Handbook
(CASQA, 2009).
2.4

Geosynthetics

The implemented remedial design at LFE includes a landfill gas collection
geocomposite below the top deck of the soil cover, future parking area, and western
channel. In addition, the western and southern drainage channels have an additional
geocomposite above the intervening geomembrane to collect and drain surface water
infiltration. The geomembrane layer below the channels serves as a physical barrier to
infiltration of surface water into the landfill below. The geosynthetic components are
described in greater detail in the RDIP (Geosyntec, 2011c).
The site inspections will look for signs that the integrity of these geosynthetic layers has
been compromised. Potential damage resulting from prolonged ultraviolet exposure (if
uncovered), or holes or tears due to burrowing animals or other site disturbances will be
documented in the Site Inspection Log (Table 1) and should be repaired as soon as
possible using patches of the same material, or approved equivalent. Repairs should be
performed with equivalent materials to those installed during original construction, and
should extend at least 6 inches past the edge of the damage in all directions
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2.5

Future Elements

2.5.1

Vegetation Areas

Several areas of LFE are planned for future planting with a mixture of native and nonnative shrubs, trees, and grasses. These areas include the historic forest, southern and
western channels, the northern slope, and other potential areas associated with the future
land use of the closed landfill. As part of planting, the upper foot of soil will be
amended with compost and other horticultural amendments to facilitate plant growth.
Temporary, establishment irrigation may be provided to select areas. Irrigation water
would be applied at agronomic rates to prevent oversaturation and limit infiltration of
water into the underlying waste fill.
Observations of the landscaped areas during inspection that would warrant
documentation and subsequent attention include, but are not limited to:
•
•

patches of bare earth or inadequate coverage where vegetation is the primary
form of erosion control; and
distressed 3 vegetation that may need replacement to maintain effective erosion
control.

Maintenance of vegetation areas may include:
•
•
•

providing nutrients or other means to enhance plant establishment;
replacing distressed vegetation if warranted; and
adding new vegetation in areas where ground cover is insufficient to prevent
erosion.

Any digging associated with planting or maintenance activities must be limited to the
depth of the soil cover over LFE.

3

Note that while not anticipated to be significant at this site, areas of vegetation distress can be caused by
the presence of landfill gas, and should be documented and investigated if other causes for distress are
ruled out.

Final LFE OandM Plan - 01-24-12.docx

11

January 2012

2.5.2

Paved Areas

The future parking area shown on Figure 2 currently consists of compacted aggregate
base and is currently maintained as a soil component of the cover system. However,
this area is intended to be paved with asphalt concrete at a future time, consistent with
the RDIP (Geosyntec, 2011c). Once paved, this component will be included in the
regular inspections of the cover system to monitor for cracking or other damage of the
asphalt concrete, or excessive ponding of water. Pavement maintenance may include
sealing dry or brittle areas and cracks, or repaving damaged asphalt according to
generally accepted practices.
2.5.3

Water Quality Basin

Once the future parking area is paved, a basin will be required at the toe of LFE at the
discharge point of surface water runoff from the pavement to address water quality
criteria. The approximate location of the future water quality basin is shown on Figure
3. Once the basin is built, it will require periodic inspections to monitor for erosion of
berm sideslopes, sediment buildup in the basin, and clogging of the outlet orifice(s).
Water quality basin maintenance will include removal and disposal of sediment,
cleaning of the outlets, and maintenance of the slopes consistent with the soil cover
discussion in Section 2.1.
2.6

Groundwater Monitoring Wells

As part of the groundwater monitoring plan for LFE [Trust, 2011] (Appendix A), four
new groundwater monitoring wells will be installed. Observation of the condition of
these wells should be included in the regular O&M inspections. Approximate locations
of these wells are shown on Figure 4. Observations of the monitoring wells that would
warrant documentation and subsequent attention include but are not limited to:
•
•
•

missing or damaged protective stovepipes or flush-mount completions;
missing or broken locks and caps; and
damage to the well casing.

Maintenance and/or repair related to monitoring wells should be performed under the
supervision of personnel experienced in this type of work so as not to impact the
potential quality of the monitoring results.
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2.7

Landfill Gas Vents

A total of twelve landfill gas (LFG) vents were installed as part of the remedial actions
for Landfill E. Observation of the condition of these gas vents should be included in the
regular O&M inspections. Approximate locations of these vents are shown on Figure 4.
Observations that would warrant documentation and subsequent attention include but
are not limited to:
•
•
•
•

missing or damaged insect screens;
missing or broken fencing and/or gate locks;
damage to the vent pipe; and
gaps in the soil around the vent or fenceposts.

Maintenance and/or repair related to landfill gas vents should be performed under the
supervision of personnel experienced in this type of work so as not to impact the
potential quality of the monitoring results.
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3.

GROUNDWATER AND SURFACE WATER MONITORING

Groundwater and surface water monitoring for LFE will be performed as described in
the “Post-Remediation Groundwater and Surface Water Monitoring Plan” submitted to
DTSC for approval on 6 December 2011 (Trust, 2011) and included in Appendix A.
The plan proposes that four groundwater wells (2 downgradient and 2 upgradient) and
four surface water locations (2 downgradient and 2 upgradient) be sampled on a
quarterly-basis, during the first year, and analyzed for soil COCs, groundwater COCs,
and general minerals. In accordance with the FS/RAP (Geosyntec, 2011b) requirements,
monitoring of groundwater, seeps, and surface water will occur on a quarterly basis for
an initial one-year period. At the conclusion of the first year, the cumulative data set
will be reviewed and appropriate changes to the monitoring program will be proposed,
if any. Changes to the program may include reduction in analyses, reduction in
frequency, or a recommendation to discontinue long-term monitoring.
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4.

LANDFILL GAS MONITORING

Landfill gas monitoring for LFE will be performed as described in the “PostRemediation Landfill Gas Monitoring Plan” included in Appendix B.
The plan proposes that methane emissions from the 12 landfill gas vents and from the
surface of the landfill topdeck be monitored quarterly during the first year. At the
conclusion of the first year, the cumulative data set will be reviewed and appropriate
changes to the monitoring program will be proposed, if any. Changes to the program
may include reduction in frequency, or a recommendation to discontinue long-term
monitoring.
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5.

HEALTH AND SAFETY

Personnel involved in inspection, maintenance and repair, or monitoring activities at
LFE should be aware of the Health and Safety considerations at the site and should
perform their work under an appropriate Health and Safety Plan (HASP). A site specific
HASP template for LFE is provided in Appendix C. This HASP template has been
developed by Geosyntec based on our understanding of the site conditions and the
landfill COCs, and should be considered a minimum standard for personnel performing
these types of activities at the site.
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6.

FUTURE DEVELOPMENT CONSIDERATIONS

In addition to vegetation, paving, and construction of a water quality basin described in
the RDIP (Geosyntec, 2011c), the PTMP (Trust, 2002) and the THEA (Trust, 2007)
identify future land use of LFE as a public park/open space improved with a ball field
(baseball, softball, and/or soccer fields). Construction of a ball field would likely
include associated infrastructure (e.g. restroom, lighting, etc). While the majority of this
development work would entail disturbance limited to the upper 18” of the clean soil
cover, there are some elements that may result in excavations into landfill materials.
Such excavations would likely be limited to fencepost construction and pipe trenching.
Any such disturbance of the landfill material will be managed consistent with the intent
of the LFE remedy as presented in the RDIP (Geosyntec, 2011c), and will be
coordinated with DTSC prior to construction.
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7.

SITE ACCESS

The site is not fenced and is open to the public at all times. DTSC and its authorized
representatives shall have the authority to enter and move freely about Landfill E at all
reasonable times for purposes including: inspecting the onsite containment area,
groundwater monitoring wells, and landfill gas vents; reviewing the progress of
implementing the O&M Plan; and verifying the data submitted to DTSC by the Trust.
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8.

REPORTING REQUIREMENTS

The results of all inspections and monitoring activities will be presented in an annual
letter report to DTSC. These reports will include the Site Inspection Logs, descriptions
of inspection observations, maintenance and repair activities, and a site map showing
the containment area and site features requiring repair or maintenance. The reports will
also include the wells, vents and other locations where monitoring and/or sampling
occurred, the measured depth to groundwater, sampling procedures, analyses
performed, and results obtained. Copies of signed laboratory reports and chain-ofcustody forms will be included. After the first year of operations, an evaluation of the
frequency of inspections will be performed and submitted by the Trust to DTSC. If an
inspection frequency other than those stated on Table 2 is warranted, the Trust will
submit a letter to DTSC describing the technical rationale for the proposed modification
in the schedule. In addition, every five years a report evaluating the remediation action
for LFE will be prepared and submitted to DTSC.
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9.

FINANCIAL ASSURANCE

As a Federal Agency, the Trust is not required to provide financial assurance.
Operation and maintenance of the containment cover will be performed indefinitely or
until no longer required by the DTSC. The cost of these operation and maintenance
requirements will be borne by the Trust.
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10.

DATA AND DOCUMENT AVAILABILITY

All sample data, including field reports, chain of custody forms, laboratory analytical
reports, pertinent permits and other relevant documents shall be maintained by the
Presidio or its consultant for a period of 5 years after the conclusion of each five-year
review period. Upon request of the DTSC, the Presidio will make these materials
available for review.
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11.

EMERGENCY RESPONSE PLAN

As indicated in Section 2 and on Table 2, visual inspections of the containment system
are to be performed quarterly (initial frequency only) and after significant storms (25year, 24-hour) or significant seismic events (M=5.5 or greater within 100 miles of the
Site). The site inspection log in Table 1 can be used for emergency inspections to
document any resulting slope movement, cover cracking, damage to surface water
conveyance structures, excessive erosion, etc. Appropriate repairs can be developed
based on the findings of the initial and any follow-up inspections performed.
Emergency planning and response actions associated with routine inspection and
monitoring activities for LFE are described in the site-specific Health and Safety Plan
template (Appendix C).
For an emergency involving human life or property, site personnel will obtain help
immediately by calling one or more of the following telephone numbers:
•

Presidio Park Police Emergency Dispatch
o From cell phone:
(415) 561-5656.
o From Presidio landline: 911

•

Hospital:

(415) 833-3300

Kaiser Permanente – San Francisco Medical Center
2425 Geary Blvd., San Francisco, California.
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TABLES

TABLE 1
SITE INSPECTION LOG
Landfill E, Presidio of San Francisco, California
Date:
Inspector:

Item

Page:
Signature:

Observation

Soil Cover:
Top Deck Cover Condition (cracking, erosion, slope movement, etc.)

North Slope Cover Condition (cracking, erosion, slope movement, etc.)

Surface Water Ponding

Burrowing Animals

Vegetation

Drainage System:
Inlet & Outlet Structures
(including trench drain in future parking area)

Southern Channel

Western Channel

of

Recommended Action

TABLE 1
SITE INSPECTION LOG
Landfill E, Presidio of San Francisco, California
Date:
Inspector:

Item

Page:
Signature:

Observation

Drainage System (continued):
Eastern Swale (concrete)

Access Road Swale (southeast access road/trail)

Riprap

Temporary Erosion Control Measures
Erosion Control Blankets

Mulch

Fiber Rolls

Silt Fences

of

Recommended Action

TABLE 1
SITE INSPECTION LOG
Landfill E, Presidio of San Francisco, California
Date:
Inspector:

Item

Page:
Signature:

Observation

Geosynthetics
Exposed or Damaged Geosynthetics
(including geocomposite, geomembrane, and geotextile)

Burrowing Animals
(specifically visible geosynthetics from rodent holes)

Miscellaneous:
Groundwater Monitoring Wells

Landfill Gas Vents and Enclosures

Pavement (future)

Water Quality Basin (future)

Other Notes:

of

Recommended Action

Table 2. Inspection and Monitoring Schedule
Presidio of San Francisco, California
Inspection &
Monitoring Site

Key Documents
Geosyntec, 2011a. Final
Feasibility Study /
Remedial Action Plan –
Landfill E, Presidio of
San Francisco,
California, prepared for
The Presidio Trust, June
2011.
Geosyntec, 2011b. Final
Remedial Design and
Implementation Plan –
Landfill E, Presidio of
San Francisco,
California, prepared for
The Presidio Trust, June
2011.

Landfill E (LFE)

Geosyntec, 2011c. Draft
Construction
Completion Report,
Landfill E, Presidio of
San Francisco,
California, prepared for
The Presidio Trust,
December 2011.

Physical Features of the Remedy that Require
Inspection & Monitoring
The LFE remedy is a cap/containment system.
The cap consists of a minimum 2-foot soil cover
placed at slopes ranging from 2% n the topdeck
up to 3H:1V on the north slope and in channels.
The topdeck cover soil is underlain by a passive
landfill gas (LFG) collection geocomposite which
discharge to regularly spaced vent pipes. The
north slope LFG collection system consists of
buried trenches with gravel and perforated pipe
leading to a header pipe and discharge vents at the
crest of the slope. Perforated LFG collection pipes
have downgradient discharge points to allow
drainage in the event surface water infiltration
into the LFG geocomposite or trenches occurs.
Drainage structures include channels, swales, drop
inlets, riprap spill pads and associated water
conveyance structures. The primary southern and
western channels are underlain by a geomembrane
liner where overlying landfill material.
Flatter portions of the topdeck are covered with 3”
to 4” of mulch from Presidio sources. Sloped
portions of the topdeck and the north slope are
covered with Erosion Control Blanket (ECB)
overlain by 3” to 4” of mulch. The southern and
western channels are covered with ECB, and have
regularly spaced buried riprap grade control
structures, and temporary fiber rolls at grade.
Mulch, ECBs, and fiber rolls are considered
temporary erosion control measures that must be
maintained until future vegetation is established
and planned development of the site occurs.
Future elements may include paving of a future
parking area, construction of an associated water
quality basin at the north toe of LFE, site
vegetation, and development of topdeck.

Cover Inspection & Maintenance

Groundwater Monitoring

Inspection and maintenance of the cover system are, at a minimum,
required to identify and, if necessary, repair the following conditions:

Inspection and maintenance of the
groundwater monitoring system are, at
a minimum, required to identify and,
if necessary, repair the following
conditions:

Soil cover areas:
• Observed cracking or slope movement
• Damage due to burrowing animals
• Areas of excessive ponding and potential infiltration
• Excessive soil erosion
• Distressed or otherwise damaged or missing vegetation (future)
Drainage structures:
• Debris or other obstructions within water conveyance structures,
such as pipes, channels, swales, inlet or outlet structures, and
trench drains
• Accumulations of debris or sediment that could impede runoff
• Areas of excessive ponding within channels
• Missing or damaged safety grates at inlets/outlets
• Missing or degraded riprap at outlet spill pads
• Cracked or otherwise damaged concrete

• Missing or damaged protective
well stovepipes or flush-mount
completions
• Missing or broken locks
• Damaged well casing

Landfill Gas Monitoring
Inspection and maintenance of the
landfill gas venting system are, at a
minimum, required to identify and, if
necessary, repair the following
conditions:
•
•
•
•
•

Missing or damaged insect screens
Missing or broken fencing
Missing or broken fence locks
Damage to the vent pipe
Gaps in soil around the fence posts
or the vent

Temporary Erosion Control Measures:
• Damaged or degraded ECBs
• Areas of degraded, thin, or no mulch
• Damaged, degraded, or missing fiber rolls
• Damaged, degraded, or missing silt fences
Geosynthetics:
• Exposed or damaged geosynthetics (geocomposite,
geomembrane, or geotextile)
• Rodent holes showing indication of penetration of geosynthetics
(e.g. visible pieces of geosynthetics in the vicinity of rodent
holes)
Future paved areas (topdeck):
• Excessive pavement cracking or damage
• Excessive areas of ponding
Future water quality basin (toe of north slope):
• Erosion of sideslopes
• Excessive sediment in basin
• Clogging of discharge orifice(s)

Inspection
Quarterly, and after severe storms or significant seismic events.
Schedule1
Monitoring
Schedule1
1
These are initial inspection/monitoring frequencies only and should be reduced over time as appropriate based on consultation with DTSC.

Quarterly

Quarterly

Quarterly

Quarterly

FIGURES

Notes:

SITE LOCATION MAP
LANDFILL E O&M PLAN
PRESIDIO TRUST
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SOURCE: Base map provided by Treadwell & Rollo, November 2004. Draft Small Arms Firing Range Feasibility Study Report, Figure 6.
P:\GIS\Presidio\AI\2011Dec\SiteMap.ai

FIGURE 1

Figure 5: Typical Landfill Gas Vent Detail

APPENDIX A
Post-Remediation Groundwater and Surface
Water Monitoring Plan

Department of Toxic Substances Control
Matthew Rodr;quez
Secretary for

Environmental ProtectIon

Deborah O. Raphael, Director
700 Heinz Avenue
Berkeley, California 94710-2721

Edmund G. Brown Jr.
Governor

December 13, 2011

Ms. Eileen Fanelli
Remediation Manager
The Presidio Trust
34 Graham Street
P.O. Box 29052
San Francisco, California 94129-0052
Dear Ms. Fanelli:
The Department of Toxic Substances Control (DTSC) has completed its review of the
Post-Remediation Groundwater and Surface Water Monitoring Plan, Landfill E (Plan) for
the Presidio of San Francisco, California. The Plan, dated December 6,2011,
describes how post-remediation monitoring of groundwater, seep, surface water, landfill
gas, and the soil cover will be conducted by the Presidio Trust (Trust) to comply with the
requirements of the approved Final Feasibility Study / Remedial Action Plan for Landfill
E, Presidio of San Francisco, California. DTSC hereby approves the Plan with this
correspondence.
If you have any questions or comments, please contact Denise Tsuji at (510) 540-3824
or via email atdtsuji@dtsc.ca.gov.
Sincerely,

Denise Tsuji
Unit Chief
Brownfields and Environmental
Restoration Program - Berkeley Office

Perry Myers
Senior Hazardous Substances Engineer
Engineering and Special Projects Office
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cc:

Ms. Genevieve Coyle
Environmental Remediation Project Manager
The Presidio Trust
34 Graham Street
P.O. Box 29052
San Francisco, California 94129-0052
Ms. Agnes Farres
San Francisco Bay Regional Water Quality Control Board
afarres@waterboards.ca.gov
Mr. Doug Kern
Presidio Restoration Advisory Board
dougkern@sbcglobal.net
Mr. Brian Ullensvang
National Park Service
brian ullensvang@nps.gov
Mr. Mark Yourgkin
Presidio Restoration Advisory Board
rabmark@sbcglobal.net

6 December 2011
Ms. Denise Tsuji
Department of Toxic Substances Control
700 Heinz Avenue, Suite 200
Berkeley, California 94710-2737
Subject:

Post-Remediation Groundwater and Surface Water Monitoring Plan, Landfill E,
Presidio of San Francisco, California

Dear Ms. Tsuji:
In accordance with the Final Feasibility Study / Remedial Action Plan for Landfill E, Presidio of
San Francisco, California (Final FS/RAP; Geosyntec, June 2011), post-remediation monitoring
of groundwater, seep, surface water, landfill gas, and the soil cover will be conducted by the
Presidio Trust (Trust). This plan presents the proposed groundwater, seep, and surface water
monitoring components of the LFE post-remediation monitoring plan. The remaining
components will be addressed as a part of the Operations and Monitoring plan, which will be
submitted under separate cover. Per Paragraphs 5 and 6 of Section 9.2 of the FS/RAP:
“Long-term Monitoring Program - A groundwater monitoring program, surface water
monitoring program, LFG monitoring program, and cover surface monitoring program
will be implemented. The groundwater monitoring system would be designed to verify the
long-term effectiveness of the cover system in minimizing the potential for surface water
infiltration and leaching of COCs from the landfill waste to groundwater. The surface
water monitoring system will be designed to verify that surface water runoff does not
come into contact with the landfill material and transport COCs offsite.”
In developing the proposed post-remediation groundwater monitoring plan, the Trust considered
groundwater quality and character, groundwater flow conditions (depth and direction), and
chemicals of concern (COCs) identified in the FS/RAP.
Landfill E Groundwater Chemistry and Quality
Subsequent to preparation of the Final FS/RAP, the Trust conducted an evaluation of
groundwater geochemical data based on data collected during the ongoing groundwater
monitoring program at LFE. This evaluation was conducted by Geosyntec Consultants, Inc. at
the request of the Trust to assess the quality and character of groundwater underlying LFE to
develop the post-remediation groundwater monitoring plan for LFE. Specifically, the study was
34 Graham Street, Post Office Box 29052, San Francisco, California 94129-0052
415/561-5300 Fax 561-5315 presidio@presidiotrust.gov
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conducted to understand the effect that leaching surface water through LFE fill material could
have on underlying groundwater chemistry and quality. Results of the analysis were presented to
the Restoration Advisory Board (RAB) on 14 June 2011. The analysis was revised to incorporate
and address comments received from the RAB and a technical memorandum was submitted to
the Trust on 27 June 2011. A copy of the technical memorandum is presented in Attachment A
to this letter.
In summary, the analysis identified that groundwater beneath and in the immediate vicinity of
LFE can be characterized as three groundwater character types: 1) Dilute Intermediate
groundwater is present along the western boundary of the Western Tributary in which LFE
exists; 2) Magnesium-Carbonate Intermediate groundwater is present along the eastern boundary
of the Western Tributary; and 3) Calcium-Carbonate Intermediate groundwater was identified in
one well representing a historical lens of perched groundwater at the northernmost toe of LFE.
The analysis concluded that the character of groundwater underlying LFE is not significantly
altered by surface water migrating through the LFE fill to groundwater and that influences from
the native Franciscan formation rocks and Colma formation appear to more dominantly influence
the character of groundwater beneath LFE.
Proposed Groundwater Well Locations
All existing groundwater monitoring wells at LFE were removed and decommissioned prior to
the initiation of landfill closure activities. Proposed locations for the new groundwater
monitoring wells include the following:
•

Two up gradient wells, LFEGW-201 and LFEGW-203, and

•

Two down gradient wells, LFEGW-202 and LFEGW-204 (Figure 1).

The new groundwater monitoring wells will be screened in the upper 10 feet of first encountered
groundwater beneath the elevation of the fill material. Wells LFEGW-201 (up gradient) and
LFEGW-202 (down gradient) are expected to be representative of Magnesium-Carbonate
Intermediate groundwater and wells LFEGW-203 (up gradient) and LFEGW-204 (down
gradient) are expected to be representative of Dilute Intermediate groundwater. The proposed
locations generally coincide with former up gradient wells DAEGW06 and DAEGW102 and
down gradient wells DAEGW04 and DAEGW08.
The proposed locations of the new groundwater monitoring wells will allow for a general
comparison between up gradient and down gradient water quality, a specific comparison
between up gradient and down gradient quality within distinct water types, and a general
comparison of future monitoring results with historical results.
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Proposed Seep Locations
The Final FS/RAP specifies sampling of groundwater seeps originating from the landfill. While
no seeps are expected to occur in the future, the Trust will conduct visual observations to identify
the presence and location of groundwater seeps at the northernmost toe of the landfill cover. If a
seep is observed, then a grab sample will be collected and analyzed for the same parameters as
the groundwater monitoring well samples.
Proposed Surface Water Monitoring Locations
As quoted above, the Final FS/RAP states that the objective of the surface water monitoring
system is to verify that surface water runoff does not come into contact with the landfill material
and transport COCs offsite. The surface water monitoring program was designed to meet this
objective and to facilitate a comparison of data between surface water entering the Site and
surface water flowing across the LFE soil cover into the surface water drainage features and
leaving the Site. Surface water will be sampled at the following locations:
•

Two upgradient locations, LFESW-1 and LFESW-3; and

•

Two downgradient locations LFESW-2 and LFESW-4.

LFESW-1 is intended to reflect the quality of surface water entering the landfill cover at the
south-eastern boundary of the landfill cover. LFESW-2 is intended to reflect the surface water
quality at the point where the open ditch enters a subsurface hard pipe. Beyond this point, surface
water runoff from the landfill becomes comingled with the storm water runoff from the adjacent
residential area. LFESW-3 is intended to reflect the quality of surface water entering the landfill
cover at the western boundary of the landfill cover. LFESW-4 is intended to reflect the surface
water quality at the point where the surface water discharges downstream of the LFE cover.
Chemical Analysis and Sampling Frequency
Paragraph 7 of Section 9.2 of the FS/RAP specifies that groundwater and seep samples will be
analyzed for soil COCs, groundwater COCs, and general minerals. As such, groundwater
samples, seep samples (if any), and surface water samples will be analyzed for the following
parameters:

Ms. Tsuji
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Category

General water quality

Soil COCs
(Table 3-1 of FS/RAP)

Groundwater COCs
(Table 3-2 of FS/RAP)

Analyses
pH
alkalinity
turbidity
nitrogen
phosphorus
4,4-DDE
4,4-DDT
tetraethyl lead
PAHs
Title 22 metals
(dissolved)
fuel-oil range TPH

Paragraph 7 of Section 9.2 of the FS/RAP specifies:
“Groundwater and surface water monitoring will likely be conducted for an estimated
three years following remedial action. Groundwater samples will be collected from wells
and seeps within and/or downgradient of the remedial area on a quarterly basis for the
first year following remedial action, semiannual basis for the second year and annual
basis for the third year, unless the data indicate otherwise.”
In accordance with the FS/RAP requirements, monitoring of groundwater, seeps, and surface
water will occur on a quarterly basis for an initial one-year period. At the conclusion of the first
year, the cumulative data set will be reviewed and appropriate changes to the monitoring
program will be proposed, if any. Changes to the program may include reduction in analyses,
reduction in frequency, or a recommendation to discontinue long-term monitoring.
The groundwater monitoring well installation, groundwater sampling and surface water sampling
will be conducted in accordance with the Field Sampling Plan, Presidio Groundwater
Monitoring Project, Presidio of San Francisco, California (Treadwell & Rollo, 2001) and the
Presidio-Wide Quality Assurance Project Plan Sampling and Analysis Plan (Tetra Tech, 2001).
Sample results will be reported in the Trust’s semi-annual groundwater monitoring reports.

FIGURE

ATTACHMENT A
Summary of Groundwater Major Ion Chemistry
and Water Quality, Landfill E

475 14th Street, Suite 400
Oakland, California 94612
PH 510.836.3034
FAX 510.836.3036
www.geosyntec.com

Memorandum
Date:

27 June 2011

To:

Eileen Fanelli, Presidio Trust

Copies to:

File

From:

John Fortuna and Randy Brandt, Geosyntec Consultants

Subject:

Summary of Groundwater Major Ion Chemistry and Water Quality
Landfill E, Presidio of San Francisco, California
Geosyntec Project Number: WR1280

This technical memorandum summarizes the results of an evaluation of groundwater
geochemical data from existing groundwater monitoring wells in and around Landfill E (LFE) at
the Presidio of San Francisco (Presidio). This evaluation was conducted by Geosyntec
Consultants, Inc. (Geosyntec) at the request of the Presidio Trust (Trust) to provide information
that would be used in the development of the long term groundwater monitoring plan for LFE as
required by the Final LFE Feasibility Study/Remedial Action Plan (FS/RAP) prepared by
Geosyntec in June 2011 (Geosyntec, 2011).
1.

OBJECTIVE

The objective of this evaluation was to assess the quality and character of groundwater
underlying LFE so that a technically appropriate long term groundwater monitoring plan can be
developed for LFE, as required in the approved FS/RAP. Specifically, this evaluation sought to
understand the effect that leaching of surface waters through LFE fill material may have on
underlying groundwater chemistry and quality.
2.

METHODS

This evaluation was conducted using existing groundwater geochemistry data that has been
generated from the ongoing, base-wide groundwater monitoring program, as reported in semiannual groundwater monitoring reports (Treadwell & Rollo, 2011). Data from both a recent
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groundwater monitoring event (December 2010) and a more comprehensive data set from the
March 2006 event were subject to preliminary evaluation. The December 2010 event contains
data from seven wells, while the March 2006 event contains data from ten groundwater
monitoring wells and one water sample collected from the discharge point of the clay pipe
(DAESP03) at the toe of the landfill. Because the data set was larger, data from the March 2006
event were evaluated more fully. The March 2006 data are summarized in Table 1. Well
locations are shown in Figure 1. No new groundwater chemistry data was collected as part of this
study.
Geosyntec conducted this evaluation using two standard commonly used graphical methods of
describing water types based on the fingerprint signature of cation and anion concentrations in
representative groundwater samples (Freeze and Cherry, 1979). The initial step of the analysis
was a review of existing data tables to identify broad similarities or differences in groundwater
chemistry between wells. The second step consisted of graphical plotting of the concentrations
of major cations and anions on a Piper Diagram (Piper, 1953) and on Stiff Diagrams (Stiff,
1951), which are useful in making rapid visual comparisons between water types (Figures 2 and
3). Subsequently, the groundwater signatures evidenced by the plots were grouped into water types.
3.

RESULTS

Review of the information presented in the Piper Diagram (Figure 2) reveals that overall
groundwater chemistry is generally of similar composition with little distinction between
upgradient, crossgradient, or downgradient samples. Standard practice is to describe groundwater
in groups by the dominant major cation and anion present in the sample. In general, groundwater
samples from all wells and the seep can be characterized as “Intermediate-Composition
Groundwater” (Stiff, 1951), meaning they do not exhibit a fingerprint signature that reflects both
a dominant cation and a dominant anion. In general, sulfate concentrations are low and the
dominant anion in all samples is bicarbonate (HCO3-). The pH measured in each of the samples,
suggests a groundwater composition of neutral character with pH values ranging from 6.2 to 7.3
for groundwater samples and a value of 7.6 for the sample collected from the surface water
discharge pipe. Data from the March 2006 event shows that samples collected from the
upgradient wells and the surface water sample ranged from a pH of 7.0 to 7.6. Samples collected
from cross and downgradient wells ranged from a pH of 6.2 to 6.8. The pH results from recent
monitoring events are generally consistent with the March 2006 data with no notable outliers.
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Review of the information presented in the Stiff Diagrams (Figure 3) reveals some distinction on
groundwater character between well groups. The Intermediate-Composition Groundwater
samples from these wells can be further subdivided into subcategories identified below based on
the dominant anion and chemical characteristics.
Dilute Intermediate Groundwater (Depicted in green in Figure 3):
This category includes samples from monitoring wells DAEGW06, DAEGW07, DAEGW103,
and DAEGW104, and from the water sample DAESP03 collected from the clay discharge pipe at
the toe of the landfill during wet weather conditions. Relative to groundwater flow direction,
wells DAEGW06 and DAEGW104 are located upgradient and wells DAEGW103 and
DAEGW07 are located cross gradient to the west. Relative to the fill material in LFE, all these
wells are located under the footprint of the LFE fill material. The fingerprint signature
representative of these samples has low cation and anion concentrations, with no dominant ions.
Each individual anion and cation is below a concentration of 5 milliequivalents per kilogram
(meq/kg) for each sample (Figure 3). These samples have low to moderate total dissolved solids
(TDS) concentrations, ranging from 300 to 660 milligrams per liter (mg/L).
Magnesium-Carbonate Intermediate Groundwater (depicted in blue in Figure 3):
This category includes samples from monitoring wells DAEGW03, DAEGW04, DAEGW05,
DAEGW08, and DAEGW102. Relative to groundwater flow direction, well DAEGW 102 is
located upgradient, well DAEGW03 is located cross gradient to the east, and wells DAEGW04,
DAEGW05, and DAEGW08 are located downgradient. Relative to the fill material in LFE, all
wells are located beneath the LFE fill material with the exception of wells DAEGW04 and
DAEGW08, which are located outside and downgradient of the fill. The fingerprint signature of
these wells has higher total cation and anion concentrations than other samples with magnesium
as the dominant cation and bicarbonate as the dominant anion. With the exception of
DAEGW05, which may be subject to mixing or dilution, these wells also generally have higher
TDS than other wells, with TDS concentrations ranging from 810 to 1280 mg/L. Well
DAEGW05 has the lowest TDS concentrations of all the wells.
Calcium-Carbonate Intermediate Groundwater (depicted in red in Figure 3):
This category includes monitoring well DAEGW101 only, which has a unique signature.
Relative to the fill material in LFE, this well is located near the northernmost toe of the fill
material in the downgradient direction, with respect to groundwater flow direction. It is important
to note that the water in this well was reflective of perched water that was encountered
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intermittently at this location. The well is screened near the fill-native Colma formation interface.
Like the Magnesium-Carbonate Intermediate groundwater, this category has higher total cations
and anions than other samples, relatively high TDS, has bicarbonate as the dominant anion, and
has appreciably more calcium than magnesium, making calcium the dominant cation.
4.

DISCUSSION

The plan-view distribution of the various groundwater types is shown in Figure 4 and a crosssectional view is shown in Figure 5. Considering the distribution presented on these Figures, the
Dilute Intermediate Groundwater samples are located along the west and south sides of the
landfill. These locations represent the cross gradient and upgradient groundwater flow direction
conditions. The Magnesium-Carbonate Intermediate Groundwater samples are located along the
north and east sides of the landfill. These locations represent the down gradient and cross
gradient groundwater flow directions. This spatial distribution suggests that groundwater quality
has a different character on the west side of the valley from that on the east side of the valley.
One explanation for the difference in fingerprint signatures is that groundwater coming from
opposite sides of the valley have significantly different flow paths, and as a result may pass
through different native rock types prior to reaching the LFE area. The similarity between the
surface water sample collected from the clay discharge pipe (DAESP03) and the groundwater
monitoring wells along the west side of the landfill (shown in green in Figure 4) suggests that
groundwater along the western flank of the valley has had little interaction with underlying
bedrock, and retains much of its original cation-anion signature. In contrast, the fingerprint of
groundwater on the east side of valley may be the result of groundwater in this area having had
greater interaction between serpentinite and similar native rocks in the Franciscan and Colma
formations, resulting in higher magnesium and bicarbonate concentrations. Because both water
types are also evidenced in upgradient and downgradient water samples with relatively consistent
fingerprint signatures along the groundwater flow path, it does not appear that water infiltrating
through the LFE fill has materially affected water quality beneath and down gradient of LFE.
An alternative explanation could be that the natural character of groundwater in the valley is
predominately Dilute Intermediate Groundwater (depicted in green in Figures 3, 4, and 5). As
waster infiltrating through the LFE fill material contacts this groundwater, it imparts a more
alkaline character (evidenced by the bicarbonate anion), and a higher concentration of cations
(evidenced by magnesium, sodium, and potassium). However, this hypothesis is not supported by
several observations as follows: 1) the magnesium-carbonate intermediate groundwater signature
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observed in upgradient well DAEGW102 is not consistent with a predominately Dilute
Intermediate Groundwater character; 2) the comparison of downgradient groundwater quality
with the perched water quality signature in well DEAGW101 (see discussion below) suggests
that the character of the perched water is not imparted to the downgradient groundwater; and, 3)
the downgradient pH is slightly less than 7 (more acidic), which would not be the case if LFE
was creating a more alkaline condition.
The single Calcium-Carbonate Intermediate Groundwater sample was collected from a well in
the interior of the landfill (DAEGW101). As shown in Figure 5, this sample is screened across
the fill-native interface, and samples from this well represent perched water. This fingerprint
signature represents the highest bicarbonate concentration combined with an elevated signature
of calcium. It is likely that the higher alkalinity and calcium content relative to nearby well
DAEGW05 is due to interactions between surface water migrating through the fill and creating
the perched water zone. However, there is no evidence of this perched water type influencing the
downgradient groundwater type, such as in wells DAEGW04, DAEGW05 or DAEGW08,
suggesting that any impacts are localized.
Based on the above discussion, it appears that the character of groundwater underlying LFE is
not significantly altered by surface water migrating through the LFE fill to groundwater.
Influences from the native Franciscan formation rocks and Colma formation sand appear to more
dominantly influence the character of groundwater beneath LFE. Because the LFE closure
components are designed to route surface water away from the underlying LFE fill and to reduce
the amount of surface water that can infiltrate through the fill to the underlying groundwater, it is
expected that future long term impacts to groundwater from the closed landfill will be even less
pronounced than in the recent past. Geosyntec will work with the Trust to develop a long term
groundwater monitoring plan to document the effectiveness of the LFE closure components at
minimizing groundwater impacts.
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APPENDIX B
Post-Remediation Landfill Gas Monitoring
Plan

Appendix B
Post-Remediation Landfill Gas Monitoring Plan
1.

INTRODUCTION

In accordance with the FS/RAP (Geosyntec, 2011b), post-remediation monitoring of
landfill gas (LFG) will be conducted by the Trust. This section presents the proposed
LFG monitoring components of the LFE post-remediation monitoring plan. Per
Paragraphs 5 and 6 of Section 9.2 of the FS/RAP:
“Long-term Monitoring Program - A groundwater monitoring program, surface
water monitoring program, LFG monitoring program, and cover surface
monitoring program will be implemented . . . The LFG monitoring system will
be designed to verify that LFG generated as waste decomposes is not
accumulating beneath the cover and either venting to the surface in an
uncontrolled manner, or migrating beyond the perimeter of the landfill at
concentrations of concern.”
In developing the proposed post-remediation LFG monitoring plan, Geosyntec and the
Trust considered the history of LFG production and detection at LFE, and the
implications of cover construction on LFG migration potential.
1.1

History of LFG Generation

As described in Section 3.4.3 of the FS/RAP (Geosyntec, 2011b), concentrations of
methane above the lower explosive limit (LEL) of 5% by volume have been detected
within the interior of LFE during sampling events in 1996, 2002, and 2010
(Montgomery Watson, 1999; Geosyntec, 2011a). The highest methane detection was
13% in an interior soil gas probe screened from 5 feet to 10 feet below ground surface
(bgs). In comparison, LFG is typically generated from municipal landfills with methane
near 50%. Methane is most likely being generated in LFE at typical rates at one or
more discrete depth horizons within the 5 to 10 ft screen interval, but it is diluted to
13% over the 5 ft length of the screen interval, suggesting that most of the material from
5 to 10 ft below ground surface near the screen is not generating LFG. In addition, a
surface emissions monitoring event performed in June 2010 (included in Appendix C of
Geosyntec, 2011a) did not detect any methane at the landfill surface. Given the age of
the landfill, Geosyntec’s interpretation of the LFG data is that methane may be present
at isolated locations within the waste mass above the LEL, but LFG migration to the
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perimeter (<0.1% in soil gas probes) and to the surface (0% measured during surface
emissions scan) are minimal.
Based on the characterization summarized above and the age of the landfill, gas
generation within LFE has passed its peak production potential and has likely been
declining over the past 40 years or more. According to the ATSDR (2001), “almost all
gas is produced within 20 years after waste is dumped; however, small quantities of gas
may continue to be emitted from a landfill for 50 or more years.” Given the age of the
waste materials (approximately 40 years since last waste placement; e.g. long past its
peak LFG production potential), the relatively low concentrations of methane in the
LFG measured within the landfill are expected to continue to decrease over time.
1.2

LFG Venting System Design

Given the history and limited quantity of LFG in LFE, the LFG collection and venting
system design is not intended to prevent landfill gas from migrating upwards through
the cover soils, but rather to provide an easy path to the atmosphere such that if cover
soils in some areas are of low permeability, the LFG will have an escape path rather
than being forced to accumulate beneath the engineered soil cover and migrate laterally
beyond the limits of the landfill. The LFG collection and venting system includes a
layer of geocomposite below the majority of the LFE soil cover, and trenches spaced at
approximately 25-ft apart on the north slopes. These components act to collect and
channel LFG to a series of twelve LFG vents distributed across the topdeck to allow
collected LFG to vent to the atmosphere.
Figure 4 shows the location of the twelve LFG vents distributed across the topdeck,
including five along the eastern margin of LFE below the residential apartments on
Quarry Rd. Figure 5 shows a typical detail for LFG vent construction, which shows the
vertical penetration of the LFG vent approximately four feet into underlying landfill
materials.
2.

PROPOSED LFG MONITORING PROGRAM

With the above LFG history and gas venting system design, it is anticipated that the
potential for lateral gas migration at LFE is very small. As such, the proposed LFG
monitoring program for LFE consists of two primary tasks:
•
•

monitoring of LFG vents for methane; and
surface emissions monitoring for methane detections on the landfill topdeck.
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Monitoring of LFG vents will be performed using a gas meter (GEM 2000 or
equivalent) to record methane, oxygen and carbon monoxide concentrations at the vent
outlet. At each vent, the inspector will need to remove the insect screen and insert the
tubing from the gas meter inside the vent in order to obtain a stable reading. Readings
from all twelve vents will be recorded during each monitoring event.
Surface emissions monitoring will be performed using a flame ionization detector (FID)
calibrated for methane detection using 500 ppm methane calibration gas. The surface
scan will be performed over the topdeck of LFE by setting up the FID sampling port
approximately 2 inches from the ground surface, and walking a regular grid pattern
across the topdeck, pausing for sampling measurements on an approximately 25 ft by 25
ft grid. Special attention will be given to areas of potential penetration of the cover (e.g.
fenceposts, gas vents, cracks, etc.).
2.1

Monitoring Frequency

LFG monitoring will occur on a quarterly basis for an initial one-year period. At the
conclusion of the first year, the cumulative data set will be reviewed and appropriate
changes to the monitoring program will be proposed, if any. Changes to the program
may include reduction in analyses, reduction in frequency, or a recommendation to
discontinue long-term monitoring.
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APPENDIX C
Site Specific Health and Safety Plan
Template

Prepared for:
The Presidio Trust
67 Martinez S
San Francisco, California

HEALTH AND SAFETY PLAN
TEMPLATE
Landfill E Operations and Maintenance
Presidio of San Francisco
San Francisco, California

Prepared by

1111 Broadway, 6th Floor
Oakland, California 94607

Project Number: WR1280
January 2012

DISCLAIMER
This HASP template was prepared in accordance with Geosyntec Consultants’ Health
and Safety Procedures for operations and maintenance (O&M) elements following
Landfill E (LFE) Closure at the Presidio of San Francisco (the Presidio) located in San
Francisco, California. This HASP template establishes guidelines and requirements for
the safety of field personnel while conducting O&M activities at the Presidio. This
HASP template is a standalone document for use for field activities to take place at LFE.
This plan complies with Geosyntec internal review procedures. Geosyntec does not
endorse the use of this HASP by others, but encourages its use as a template to be
adopted and incorporated into the Contractor’s HASP. Portions of the HASP template to
be updated with Contractor-specific information have been highlighted in gray. This
document and its contents should not be used by firms other than Geosyntec or by
persons other than Geosyntec employees without a thorough peer review by their health
and safety managers. This HASP template should be modified and reviewed to comply
with the Contractor’s corporate health and safety procedures. The contractor should
complete independent analyses of hazards and mitigation measures, and should update
all HASP template tables, text, figures, and appendices prior to commencing work.
Geosyntec assumes no responsibility for the accuracy, content, or health and safety of
non-Geosyntec personnel during the implementation of the work in this HASP template
by other parties.
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FIGURE 1
ROUTE TO HOSPITAL

SITE

HOSPITAL

Kaiser Permanente – San Francisco Medical Center – Emergency Dept
2425 Geary Blvd
San Francisco, CA 94115
415-833-3300
Directions to Hospital from Site:
1. Head northeast on Barnard Ave

0.3 mi

2. Turn slight right at Presidio Blvd

0.2 mi

4. Take the 2nd right to stay on Presidio Blvd

1.3 mi

5. Turn left at Geary Blvd

0.1 mi
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FIGURE 2
SITE MAP

Escape
Routes
Work
Zone
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Emergency Response Contact Information
Contact

Telephone Numbers
Office

Alternative

Presidio Emergency Response

(415) 561-5656

911

Hospital-California Pacific Medical Center

(415) 600-3333

911

Director of Environment, Health & Safety –
To Be Determined

TBD

TBD

Project Manager – To Be Determined

TBD

TBD

TBD

TBD

Project Contacts

Environmental,
Health

Coordinator – To Be Determined

Safety
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Directions to Site from Office (route minimizing left-hand turns):
To Be Determined
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1.

SIGNATURES

1.1

Preparers and Reviewers

Project Name: Landfill E (LFE) Operations and Maintenance (O&M), Presidio of San
Francisco, San Francisco, California
Contractor’s Project Number: To Be Determined
Contractor’s Office Location: To Be Determined
Contractor’s Project Manager: To Be Determined
This HASP, which must be maintained on site when field work is being performed,
addresses the health and safety hazards of each phase of site operation, including the
procedures and equipment required for worker protection. Only the Site Health and
Safety Officer (SHSO) can change or amend this document, in agreement with the
Environmental Health and Safety Coordinator (EHSC), and Project Manager. The
SHSO must initial any change made to the HASP at the relevant section. Major
amendments (e.g., changes in personal protective equipment, addition of tasks) must be
documented in Section 3 and in Attachment A. This HASP must be reviewed and
amended on an annual basis for projects lasting more than one year.
Prepared by:
To Be Determined
SHSO

Date

To Be Determined
EHSC

Date

To Be Determined
Project Manager

Date

Approved by:
(as needed)

To Be Determined
Principal- or Associate-in-Charge

Date

Copy Cover Sheet to:

EHSC

Reviewed by:

Approved by:

This HASP has been given to the following subcontractor(s) in accordance with the
Occupational Safety and Health Administration (OSHA) HAZWOPER Standard,
per Chapter 29 of Code of Federal Regulations (CFR), Subsection 1910.120.
Subcontractor:

Representative:

Date: ________

Subcontractor:

Representative:

Date: ________
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1.2

Site Workers

A pre-entry briefing conducted by the SHSO must be held prior to initiating the field
work of this project. All sections of this HASP must be reviewed during this briefing.
Any worker not in attendance at the initial meeting must be trained by the SHSO on the
information covered in the pre-entry briefing. Tailgate meetings must be held at the
beginning of each day by the SHSO to discuss important health and safety issues
concerning tasks to be performed during that shift. Topics discussed in the tailgate
meetings must be documented in a daily field log. Weekly site health and safety audits
must be performed and documented by the SHSO for projects lasting more than one
week. After reading the HASP and attending a pre-entry briefing, Contractor’s
employees must sign the following acknowledgment statement.
“I have read, understand, and agree with the information set forth in this HASP. I have
also attended a pre-entry briefing. I agree to perform my work in accordance with this
HASP.”
Signature

Printed Name

Date
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2.

DISCLAIMER

This HASP template was prepared in accordance with Geosyntec Consultants’ Health
and Safety Procedures for O&M elements following Landfill E (LFE) Closure at the
Presidio of San Francisco (the Presidio) located in San Francisco, California. This
HASP template establishes guidelines and requirements for the safety of field personnel
while conducting O&M activities at the Presidio. This HASP template is a standalone
document for use for field activities to take place at LFE.
This plan complies with Geosyntec internal review procedures. Geosyntec does not
endorse the use of this HASP by others, but encourages its use as a template to be
adopted and incorporated into the Contractor’s HASP. Portions of the HASP template to
be updated with Contractor-specific information have been highlighted in gray. This
document and its contents should not be used by firms other than Geosyntec or by
persons other than Geosyntec employees without a thorough peer review by their health
and safety managers. This HASP template should be modified and reviewed to comply
with the Contractor’s corporate health and safety procedures. The contractor should
complete independent analyses of hazards and mitigation measures, and should update
all HASP template tables, text, figures, and appendices prior to commencing work.
Geosyntec assumes no responsibility for the accuracy, content, or health and safety of
non-Geosyntec personnel during the implementation of the work in this HASP template
by other parties.
3.

HASP AMENDMENTS

Over the course of this project, it is possible that the project-specific details and working
conditions will change. The HASP shall be reviewed and amended as necessary to
effectively describe the changing working conditions and to mitigate the potential health
and safety issues that may arise during the project. Amendments to the HASP should be
briefly described in the following spaces provided. The full text of the amendments
should be provided in Attachment A.
AMENDMENT 1:
Date: _____ Project Manager: ____________ EHSC: ___________________
Brief description of amendment:
_________________________________________________________________
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4.

SITE/TASK DESCRIPTION

The following is a brief description of the site, including information as to the location,
approximate size, previous usage, and current usage. A description of the tasks to be
performed is also presented.
•

Site Location:

•

Approximate Size of Site: 5 acres

•

Previous Site Usage:

Landfill

•

Current Site Usage:

Open Space / Recreational

•

Project Description:

Presidio, Landfill E, San Francisco, California

LFE is believed to contain soil mixed with building debris, municipal-type solid waste,
and chemical waste. The total landfill volume at LFE is estimated to be 107,500 cubic
yards.
Contractor will be performing inspection, monitoring and maintenance operations at
Landfill E. The tasks include visual inspections to document current conditions,
maintenance and/or repair of damaged cover components, groundwater and surface water
sampling, and landfill gas (LFG) monitoring. In addition, work will include
documenting all necessary maintenance/repair work.
Tasks for this project include:
Task 1: Inspections
• Routine visual inspection of: cover integrity, site vegetation, groundwater
monitoring wells, landfill gas vents, surface water conveyance system,
paved areas, fences, gates, and locks.
Task 2: Maintenance and Repair
• Performing maintenance and/or repair of any component in poor condition
as described in the Operation and Maintenance Plan1.

1

Geosyntec, 2012. Operation and Maintenance Plan, Landfill E, Presidio of San Francisco, California.
January.
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Task 3: Groundwater and Surface Water Monitoring
• Collecting groundwater samples.
• Collecting surface water samples.
Task 4: Landfill Gas Monitoring
• Measuring LFG concentrations at vents and at discrete locations along the
top deck of the landfill.
Description of Surrounding Property/Population:
North

Fernandez St

East

South

Historic Forest

West

Quarry Rd – Residential buildings
Barnard Ave
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5.

KEY PERSONNEL AND HEALTH AND SAFETY RESPONSIBILITIES

Table 1 lists project personnel and their responsibilities in regard to health and safety
concerns on this project.
6.

HEALTH AND SAFETY REQUIREMENTS

6.1

Personnel Training and Medical Clearance Requirements

Table 2 presents the training and medical monitoring that project personnel have
received in accordance with the company Environmental, Health, and Safety (EH&S)
Training Program.
Pre-entry briefings (review of the HASP, specific job tasks, etc.) and daily tailgate
meetings shall also be conducted to facilitate site-specific training. The following topics
may be discussed at the tailgate meetings:
•

Stop Work Authority;

•

Health and safety personnel – names and alternates responsible for site
health and safety;

•

Site hazards, as identified in Attachment C;

•

PPE;

•

Safe work practices, including those discussed in this HASP template;

•

Personnel and equipment decontamination procedures;

•

Air monitoring;

•

Emergency procedures; and

•

Other applicable topics.

At the end of the briefing, attendees may be informally quizzed to assess their
understanding of the health and safety requirements.
If an employee who has not gone through the site-specific health and safety briefing is
assigned to the site, the SHSO must present a similar briefing to the new employee
before they participate in any field activities. All new employees must sign the Site
Workers acknowledgement in Section 1.2 before beginning fieldwork.
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Additional health and safety briefings will be conducted as necessary to address changes
in procedures or other health and safety concerns. These periodic briefings will be
documented using the On-Site Health and Safety Tailgate Meeting Record Form
template in Attachment H.

7.

MAPS AND SITE CONTROL

7.1

Routes to Hospital and Urgent Care Facility

A hospital and an urgent care facility near the site have been identified. Figure 1
presents the route to the hospital, for emergency care. The figure includes the facility
name, phone number, and written directions from the site. The figure is included after
the cover page of this HASP template.
7.2

Site Map

A site map is presented on Figure 2, located inside the cover of this HASP template. The
site map is intended to show the location of the work zone(s), to provide on-site
orientation, and to delineate evacuation routes. Changes may be made to the site map by
the SHSO based on changing site conditions. The site map should be accessible in the
work area.
7.3

Buddy System

The buddy system is required for all tasks. The buddy system includes maintaining
regular contact with onsite Geosyntec personnel, clients, and/or subcontractors to
periodically check on the condition of site workers. In situations when only one
employee is performing field work, on-site personnel must have appropriate
communication devices on his/her persons at all times and shall maintain contact with
off-site personnel. The field worker must communicate with off-site personnel, at a
minimum, of three times daily: (1) upon arriving at the site; (2) midway through the
work day; and (3) upon departing from site.
7.4

Controlled Work Zones

APPLIES TO TASK:









The Work Zone will be defined by orange fencing around the construction area (Task 2)
or other visible cones and flagging (Tasks 3 and 4). No controlled work zone is
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established for Task 1 as it consists of visual inspections of the entire site. The location
and extent of the work zones may be modified as necessary as work in the area
progresses.
7.5

Site Access

Access to the site must be controlled using the following method:
Sign in/Sign out log
Identification badges
Other:

7.6

Guard
Check in with SHSO

Visitors

Visitors to the site may need to be continually escorted for safety purposes. Contractor
employees must not be allowed into the Work Zone until they have received the proper
personal protective equipment (PPE) and they have read, understand, and meet the
requirements outlined in this HASP template. Other visitors under Contractor’s
direction (subcontractors, etc.) may review this HASP template for site familiarity, but
they are ultimately responsible for their own health and safety.
7.7

Safe Work Practices

General Safe Work Practices that must be implemented during work activities at this site
are listed in Table 3.
7.8

Inspections

During field activities for tasks longer than one week, the SHSO must conduct weekly
health and safety inspections. The inspections must be documented using the Weekly
Health & Safety Inspection Checklist included in Attachment B. The Weekly Health &
Safety Inspection Checklist should be kept on file with the SHSO.

8.

HAZARD ANALYSIS AND MITIGATORS

Site specific hazards have been identified through hazard analysis. Hazard analysis
included a review of chemical, physical, and biological hazards. The analysis also
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identified health and safety hazard mitigators needed to protect workers, which are
presented in Attachment C.
8.1

Chemical Hazards

Potential exposure pathways to chemical health hazard agents include inhalation, dermal
exposure, and/or ingestion. To effectively manage risk of exposure, constituents of
concern (COCs) have been identified. Potential exposure to these COCs will be
mitigated through engineering, administrative, and/or PPE controls. The COCs are
documented and/or suspected materials present based on previous operations/activities.
The identified COCs for this project are listed in Attachment D with appropriate hazard
information, including signs of exposure.
Hazard mitigator templates, which include control measures and methods to minimize
exposure, are presented in Attachment C. Also, airborne levels of COCs may be
estimated or measured to evaluate levels of PPE that will be required for individual
tasks. The type(s) of air monitoring to be performed are discussed in Section 9.
Material safety data sheets (MSDS) for chemicals that may be encountered while onsite
are presented in Attachment G.
8.2

Physical Hazards

Physical hazards due to the tasks to be performed and due to the site setting and
condition (e.g., slips, trips, or falls due to rocky terrain, etc.) were analyzed. Also heavy
equipment, such as backhoes, loaders and drill rigs, may be needed in order to perform
some of the maintenance/repair work. Construction observations will be performed in
the vicinity of heavy equipment engaged in the maintenance/repair work. Hazard
mitigator templates for each physical hazard identified are presented in Attachment C.
These hazard mitigator templates must be implemented for each task in which they are
applicable, as summarized in the table in Attachment C.

8.3

Biological Hazards

THIS WORK SITE IS KNOWN TO HAVE SEVERE POISON OAK. Biological
hazards (e.g., allergic reactions to poisonous plants or insects indigenous to the area, etc.)
associated with tasks to be performed were analyzed. Hazard mitigator templates for
each biological hazard identified are presented in Attachment C. These hazard mitigator
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templates must be implemented for each task in which they are applicable, as
summarized in the table in Attachment C.
8.4

UXO Monitoring

The work area is a closed landfill at a historic army base. There is potential for
unexploded ordnance (UXO) within the landfill materials. The Army Corp has said there
is a very low risk of encountering UXO’s. However, one cannonball was encountered
during closure activities. Should maintenance or repair activities entail digging below the
landfill cover into landfill materials, a UXO safety specialist should be consulted. Should
UXO be encountered during any site activity, work should be stopped, the Trust should
be informed, and a specialist should be called in. Under no circumstances will any
Contractor handle UXO if encountered.
8.5

Unanticipated Work Activities

Where work activities are identified that are not addressed in this HASP template,
appropriate additional safety documentation and procedures will be implemented. Prior
to initiation of work activities, Contractor will prepare a HASP amendment that presents
appropriate safety procedures applicable to the specific work activities to be undertaken.
Submitted amendments will be reviewed by the SHSO for adequacy and compliance
with applicable regulatory requirements and the requirements presented in this HASP
template. Work will not be initiated until this review is completed and any identified
deficiencies are corrected to the satisfaction of the SHSO. The Trust will receive written
notification of any modifications or additions to the scope of work.

9.

AIR MONITORING

APPLIES TO TASK:









During Task 2 (repair/maintenance), continuous air monitoring will be performed during
work activities that penetrate the landfill cover. During Tasks 3 and 4 (monitoring), air
monitoring will be performed at the well or vent openings prior to sample collection, and
for Task 4 as part of sample collection activities. Air monitoring will be performed to
evaluate airborne exposure levels associated with the COCs on site. Air monitoring
equipment will be located on or adjacent to Contractor personnel’s body. Hazardous
conditions may include concentrations that may cause acute or chronic illness, potential
oxygen deficient environments, or potential explosive environments. Air monitoring
may also be performed to evaluate the adequacy of engineering, administrative, and/or
17
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PPE controls. Air monitoring will be “real-time” (e.g., the instrument provides
immediate results at the project), using multi-gas meters, photoionization detectors
(PIDs), or colorimetric tubes.
The type(s) of air monitoring equipment required to evaluate COCs is outlined in
Attachment E. Monitoring equipment must be calibrated based on the manufacturer’s
requirements. Calibration results and air monitoring measurements must be documented.
Based on the results noted and site activities or scope of work changes, the frequency of
air monitoring may be adjusted on site by the SHSO with the consent of the Project
Manager and communication with the EHSC.

10.

PERSONAL PROTECTIVE EQUIPMENT

The levels of PPE required for each task are presented in Attachment F. Required
equipment and types of protective clothing materials, as well as an indication of the
initial level of protection to be utilized, are listed. The level of protection may be
upgraded by the SHSO according to mitigation measures required in Attachment C or
according to action guidelines provided in Attachment E. The PPE levels that are
implemented must be documented in a daily field log.
11.

EMERGENCY PREPAREDNESS AND RESPONSE

A table presenting a list of contacts and telephone numbers for the applicable emergency
responders is provided inside the front cover of this HASP (after figures).
The following emergency response equipment is required for this project:
Fire Extinguisher (Type ABC)
Eyewash bottle
First Aid Kit
Other:
In the event that an on-site emergency develops, instructions outlined in Table 4 are to be
followed immediately.
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12.

DECONTAMINATION

The SHSO and Project Manager will determine the type and level of decontamination
procedures for both personnel and equipment based on evaluation of specific work
activities in the controlled work zones. In an emergency, the primary concern is to
prevent the loss of life or serious injury to personnel. Medical treatment will take
precedence over decontamination in the event of a life threatening and/or serious
injury/illness. Personnel will perform decontamination in designated and identified areas
upon leaving “hot zones” where the potential exists for exposure to hazardous chemical,
biological, or environmental conditions.
Decontamination of personnel in Level D (modified) will consist of closure and disposal
of coveralls, disposable boots, and gloves, (if applicable).
13.

CONFINED SPACE ENTRY
APPLICABLE

NOT APPLICABLE

The task(s) for this project involve confined-space entry. Workers must abide by the
company’s Confined Space Entry Program [29 CFR §1910.120(j)].
14.

SPILL CONTAINMENT
APPLICABLE

NOT APPLICABLE

The task(s) for this project may involve handling of drums and/or containers that contain
stored chemicals and/or wastes associated with sampling, excavation, transportation, etc.
Workers must implement the hazard mitigating procedures for drum/container handling
presented in Attachment C.
15.

CHEMICAL HAZARD COMMUNICATION LABELING
APPLICABLE

NOT APPLICABLE

The following procedures must be followed for chemicals brought onto the site by
Contractor personnel (e.g., decontamination solution, sampling preservatives, sodium
permanganate, etc.) while performing the tasks of this project:
•

Labels on primary chemical containers must not be defaced.
19
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•

Chemical containers must be stored in appropriate storage containers.

•

Secondary containers and storage cabinets must be correctly and clearly labeled
using the Hazardous Materials Identification System (HMIS).

•

Chemicals incompatible with each other must not be stored together.

•

Workers must receive training on the chemical hazards.

•

Material Safety Data Sheets (MSDSs) for the chemical must be included in
Attachment G.

When chemicals are used on site, workers must abide by Contractor’s Hazard
Communication Program.

16.

DOCUMENTATION

On site personnel will document implementation of the HASP. The documentation form
templates to be used for the HASP are included in Attachment I. These reporting
requirements are described in this section.
16.1

Pre-Construction Forms and Daily Construction Forms (Task 2)

On site personnel must complete several additional forms prior to construction and
during the daily on site health and safety meetings. These forms include:
•

Site Workers acknowledgement (Section 1.2) and On-Site Health and Safety
Tailgate Meeting Record Form Template (must be completed prior to
construction and signed by all health and safety meeting attendees) (Attachment
H); and

•

Daily Field Log.

16.2

Incident Reporting

An incident is defined as an unplanned, undesired event that potentially or adversely
affects completion of a task. Incident investigations are carried out when an incident
occurs that includes significant equipment/property damage, lost time injury,
hospitalization, or loss of life. An incident investigation report template (Attachment I
of this HASP template) is prepared during an incident investigation and developed for
the purpose of conveying lessons learned to prevent similar injury, illness, or accident.
A root cause analysis (RCA) will be implemented by the Contractor to determine the
factors that initiated the sequence of events which resulted in the incident. The RCA is
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used to determine the “lowest level” reason (personal, job related, or external) for the
unsafe situation to determine the necessary corrective actions. The RCA Flowchart
template is included in Attachment I of this HASP template.
Subcategories of incidents include accidents, injuries, illnesses, near misses, and
environmental incidents, which are defined below:
Accident: Property damage in excess of $500.00.
Injury: All injuries that meet OSHA-defined criteria for: First Aid Cases, Medical
Treatment Cases, Restricted Workday Cases, Lost Workday Cases, and Fatalities.
Illness: An OSHA-defined occupational illness requiring medical treatment beyond
first-aid.
Near Miss: An incident which had the potential to cause injury or property damage –
but did not.
Environmental Incident:
An intentional or unintentional leaking, pouring,
overflowing, spilling, discharging, emitting, or other moving of gasoline, fluid, or solid
materials from equipment or containment devices to the atmosphere, soil, water, or
outside of that which is allowed by permit or regulation.
Employees are encouraged to report near misses/near losses that can be used to identify
specific job hazards that once corrected can help prevent incidents from occurring. The
main difference between a near loss and an incident is favorable circumstances.
Therefore, reporting near misses/near losses is encouraged in order for project
management to identify and correct unsafe behaviors or conditions that could potentially
lead to an incident or injury. The Incident/Near Miss Report Form Template
(Attachment I of this HASP template) is used to report and document incidents and near
misses/near losses.
In the event of an incident, the Contractor EHSC and Project Manager will be notified.
The PM shall notify Geosyntec as soon as possible of any incident, whether or not it
resulted in injury to persons or damage to equipment. The Contractor will utilize the
Incident/Near Miss Report Form Template (Attachment I) in providing written reports.
Incident reporting guidelines and template forms are provided in Attachment I.
The following types of incidents are considered reportable:
•

Physical injury;

•

Fire, explosions, and flashes resulting from activities performed by the
Contractor or their subcontractors;

•

Unexpected chemical exposures;
21
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•

Vehicular accidents;

•

Property damage accidents;

•

Near accidents; and

•

Infractions of safety rules and requirements.

The following types of incidents will be reported by the fastest available means to the
Contractor’s EHSC:
•

Incidents likely to result in death or permanent disability;

•

Incidents requiring hospitalization;

•

Incidents involving two or more employees;

•

Incidents that are likely to receive coverage by news media, so that families may
be notified by the company beforehand, if possible;

•

Incidents involving collapse, cave-in, or other failure of structures or equipment;
and

•

Serious incidents involving equipment or vehicles.

Work will be suspended to correct the cause of incident and to modify the HASP, if
necessary.
16.3

On Site Health and Safety File (Task 2)

For any Task 2 (maintenance/repair) projects significant enough to involve establishing a
site office, the SHSO will set up an on-site health and safety file containing health and
safety related records and reports. This file will contain the following forms, which are
discussed above:
•

Signed copies of the Site Workers acknowledgement (Section 1.2);

•

Near Miss Reports;

•

Calibration records for health and safety monitoring equipment;

•

Health and safety incident reports;

•

Records of safety violations and remedial actions taken; and

•

On-Site Health and Safety Tailgate Meeting Record Form.

Other information will be documented in a logbook on site including:
•

Weather conditions;
22
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•

Site employees;

•

PPE level worn;

•

Monitoring instrumentation readings (average, peak, and background); and

•

Safety violations.

Additionally, copies of the HASP, containing emergency phone numbers and a route to
the hospital, will be on site in a location accessible to all project personnel.
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Table 1 Template
Contractor’s Key Personnel and Health  Safety Responsibilities
Principal-in-Charge

Project Manager (PM)

or Associate-in-Charge

To Be Determined

Site Health  Safety Officer
(SHSO)

Project Personnel
Refer to Table 2

To Be Determined

To Be Determined
• Approve this HASP and
amendments, if any.

• Approve this HASP and amendments, if
any.

• Check that elements of
this HASP are
implemented.

• Monitor the field logbooks for health and
safety work practices employed.
• Coordinate with SHSO so that emergency
response procedures are implemented.
• Check that corrective actions are
implemented.
• Verify and document that personnel
receive this plan and are aware of its
provisions and potential hazards associated
with site operations, and that they are
instructed in safe work practices and
familiar with emergency response
procedures.
• Provide for appropriate monitoring,
personal protective equipment, and
decontamination materials.
• Insure that elements of this HASP are
implemented.
• Periodically evaluate this HASP versus
project activities.
• Maintain a copy of the cover sheet of this
HASP and amendments.

• Prepare and implement project HASP and
amendments, if any, and report to the
Project Manager for action if any
deviations from the anticipated conditions
exist and authorize the cessation of work if
necessary.
• Verify that site personnel meet the training
and medical requirements.
• Conduct pre-entry briefing and daily
tailgate safety meetings.
• Verify that all monitoring equipment and
personal protective equipment is operating
correctly according to manufacturer’s
instructions and such equipment is utilized
by on-site personnel. Verify calibration of
all monitoring equipment and record
results.
• Implement site emergency response and
follow-up procedures.
• Notify the EHSC in the event an
emergency occurs.
• Perform weekly inspections according to
the checklist included in Attachment B.

Environmental, Health 
Safety Coordinator (EHSC)
To Be Determined

• Provide verification of required
health and safety training and
medical surveillance prior to
arriving at the site.
• Notify the SHSO of any special
medical conditions (e.g.,
allergies).

• Review and audit HASP and
amendments.
• Assist with the implementation of
the corporate health and safety
program.
• Consult on health and safety
issues.

• Attend pre-entry briefings and
daily tailgate safety meetings.
• Immediately report any
accidents and/or unsafe
conditions to the SHSO.
• Be familiar with and abide by
the HASP.
• Be ultimately responsible for his
or her own safety.
• Periodically evaluate this HASP
versus project activities- as they
will be the persons
implementing the HASP.
• Authorization for the cessation
of work if unsafe practices are
observed onsite.

• Notify Director of Environment, Health &
Safety in the event an emergency occurs.
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Table 2 Template
Contractor Training / Medical Surveillance / Respirator Fit Test Records
Employee name

Initial 40
Hour

Initial 24
Hour

Annual 8 Hour
Refresher

8 Hour
Supervisor

CPR

First Aid

Medical
Surveillance

Annual
Respirator Fit
Test

Other

25

Table 3
General Safe Work Practices
•

Minimize contact with impacted materials. Do not place equipment on the ground. Do not
sit or kneel on potentially contaminated surfaces.

•

Smoking, eating, or drinking after entering the work zone and before decontamination is
not allowed. Employees who are suspected of being under the influence of illegal drugs or
alcohol will be removed from the site. Workers taking prescribed medication that may
cause drowsiness shall not operate heavy equipment and are prohibited from performing
tasks where Level C, B, or A personal protective equipment is required.

•

Practice good housekeeping.
situations.

•

Use of contact lenses may not be allowed under certain hazardous working conditions.

•

The following conditions must be observed when operating a motor vehicle.

Keep everything orderly and out of potentially harmful

−

Wearing of seat belts is mandatory

−

The use of headlights is mandatory during periods of rain, fog, or other adverse
weather conditions

−

A backup warning system or use of vehicle horn is mandatory when the vehicle is
engaged in a backward motion

−

All posted traffic signs and directions from flagmen must be observed

−

Equipment and/or samples transported in vehicles must be secured from movement

−

The use/operation of Geosyntec vehicles by non-Geosyntec personnel is prohibited.

−

The use of cell phones or two-way radios while driving is prohibited.

•

In an unknown situation, always assume the worst reasonable conditions

•

Be observant of your immediate surroundings and the surroundings of others. It is a team
effort to notice and warn of dangerous situations. Withdrawal from a hazardous situation
to reassess procedures is the preferred course of action.

•

Conflicting situations may arise concerning safety requirements and working conditions.
These must be addressed and resolved rapidly by the SHSO and PM to relieve any
motivations or pressures to circumvent established safety policies.

•

Unauthorized breaches of specified safety protocol must not be allowed. Workers
unwilling or unable to comply with the established procedures must be discharged.
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Table 4
Emergency Response Procedures

•

The Site Health and Safety Officer (SHSO), or designated alternate, should be immediately
notified via the on-site communication system. The SHSO assumes control of the emergency
response.

•

The Presidio(415-561-5656) should be contacted immediately following an emergency, and their
onsite emergency responders will transport workers to the nearest emergency care facility.

•

If applicable, the SHSO calls for evacuation of the site. Site workers should move to their
respective refuge stations using the evacuation routes provided on the Site Map (Figure 2).

•

For small fires, flames should be extinguished using the fire extinguisher. Large fires should be
handled by the local fire department (415-561-5656).

•

If a worker is injured, the Contractor’s procedures for Injury Reponse must be implemented
immediately.

•

After an incident has stabilized, the template procedures presented in Attachment I must be
followed.

•

Photo document Site conditions, and preserve the scene.
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Attachment A
HASP Amendments
Discuss details of amendments to this HASP here. Include amendment number, date, and
details of amendments.

Appendix A

January 12

Attachment B
Weekly Health  Safety Inspection Checklist
Project: _______________________________________________ Date: _______________________
Inspected by: ________________________________________________________________________

Category

Observations/Corrective Actions
(N/A, if Not Applicable)

Pre-entry briefing records are current
Tailgate meeting records are current
Training/medical surveillance/respiratory protection records are
current
Site map and Evacuation map is posted
Buddy system is implemented
Work zones are identified
Site access is controlled
Visitors are being escorted
On-site/off-site communications are in working order
Safe work practices are being implemented
Any additional hazards incurred?
Air monitoring equipment is in working condition
Air monitoring records are being recorded in field logbook
Air monitoring calibration records are being recorded in field
logbook
PPE storage area is neat and organized
Standard operating procedures are being implemented
Housekeeping at decontamination zone is appropriate
Decontamination procedures are being implemented
Emergency response equipment is in working condition
Route to hospital is posted
Spill containment equipment is available
Chemical inventory is up to date
Material safety data sheets are available
Primary and secondary containers are properly labeled
Housekeeping at the chemical storage area is appropriate
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Attachment C
Hazard Analysis and Hazard Mitigators
TASKS






Inspections
Maintenance and Repair
Groundwater and Surface Water Monitoring
Landfill Gas Monitoring







X

X

X

X

X

X

X

Drum and Container Handling

X

X

Electrocution

X

X

Excavation/Trenching

X

TASK #



I. Chemical Hazards
Fire
Permanganate Handling
Reactivity
Skin absorption
II. Physical Hazards
Bioaugmentation Culture Handling
Boating
Chainsaw
Cold Stress

X

X

Compressed Gas Cylinder
Downhole Logging
Drilling (including Indoor)

Eye Injury

X

X

X

X

Hand/Foot Injury

X

X

X

X

Heat Stress

X

X

X

X

Fall Protection
Flash flood

Heavy Equipment

X

Helicopter
Knives / Blades

X

X

X

X

Lifting Heavy Loads

X

X

X

X
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Lockout/Tagout
Loud Noise

X

Nuclear Gauge Radiation Exposure
Portable Power/Hand Tool

X

X

X

X

Slips, Trips, and Falls

X

X

X

X

Thoroughfares
Truck Crane

X

Urban Environments
Utility Protection

X

Welding and Cutting

X

Other:
III. Biological Hazards
Allergic Reaction to Poisonous Plants

X

X

X

X

Dogs

X

X

X

X

Insects / Vermin / Snakes

X

X

X

X

X

X

X

X

Alligators

Medical Waste
Mountain Lions
Stinging Insects
Other:
An X in a box indicates that the listed hazard is applicable to the respective task.
appropriate Hazard Mitigators are presented in this Attachment.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

FIRE
•

Know fire prevention procedures, fire-fighting techniques and essential precautions to
prevent injury.

•

Do not stop to get anything out of a building or area if evacuation is required. JUST
GET OUT - and assemble in the predetermined evacuation assembly points.

•

There are 3 elements to starting a fire: a fuel source, an oxygen source and a point of
ignition.

•

Know how and when to use different types of fire extinguishers.

•

Keep all fire extinguishers in workable condition and accessible at all times. Access to
or visibility of extinguishers shall not be obstructed.

•

Control static electricity (e.g., ground equipment)

•

Remove only the minimum required supply of paints, solvents, or other flammables from
storage. At no time shall the quantity removed exceed one day’s working supply.

•

Do not allow combustible products of rubbish, waste or other residues to accumulate.
Oil soaked rags and material subject to spontaneous combustion shall only be stored in
non-combustible containers with self-closing lids.

•

Do not store gasoline, flammable solvents, and liquids inside a building unless the
structure has been approved for flammable storage containers. Only OSHA-approved
storage cabinets shall be used for all flammable liquids, paints or solvents.

•

Flammable liquids shall be stored in locations that will not interfere with evacuation of
the area in case of a fire.

•

Do not permit smoking, striking of matches, or other sources of ignition outside of
designated “SMOKING” areas.

•

Discard cigarette butts, matches or other similar materials in non-combustible containers.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

SKIN ABSORPTION
•

Be aware of chemicals of concern that can directly injure (corrode, burn, dehydrate) the
skin or that can be absorbed into the bloodstream and subsequently transported to other
organs from dust, liquid or vapor sources.

•

Know that skin absorption is enhanced by abrasions, cuts, heat, and moisture.

•

Do not wear contact lenses in contaminated atmospheres (since they may trap chemicals
against the eye surface). The eye is particularly vulnerable because airborne chemicals
can dissolve in its moist surface and be carried to the rest of the body through the
bloodstream (capillaries are very close to the surface of the eye).

•

Keep hands away from face.

•

Minimize contact with liquid and solid chemicals.

•

Wear protective clothing (e.g., suits and gloves) as specified by the Site Specific Health
and Safety Plan.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

COLD STRESS
•

Work in pairs to keep an eye on each other and watch for signs of cold stress.

•

Wear layers of loose fitting clothing, including insulated coveralls, head covering, gloves
and boots.

•

Minimize wind chill effects by wearing a wind resistant outer shell.

•

Minimize lengthy periods of outdoor activity. This may require additional shifts and
taking frequent breaks to warm up.

•

Provide warm shelter.

•

Remain hydrated. There is a tendency not to drink as many fluids when temperature is
cold.

•

Be aware of the symptoms of cold stress and appropriate first aid measures. Because of
the considerable danger to personnel, outdoor work should be suspended if the ambient
temperature drops below 0°F or if the wind chill factor drops below -29°F.

Signs and symptoms:
Mild hypothermia
Shivering, lack of coordination, stumbling, fumbling hands, slurred speech, memory
loss, pale and cold skin.
Moderate hypothermia
Shivering stops, unable to walk or stand, confused and irrational.
Severe hypothermia
Severe muscle stiffness, very sleepy or unconscious, ice cold skin.
Treatment:
Mild hypothermia
Move to warm area, stay active, remove wet clothes and replace with dry clothes or
blankets, cover the head, drink warm (not hot) sugary drink.
Moderate hypothermia
Call for an ambulance, cover all extremities completely, Place very warm objects,
such as hot packs or water bottles on the victim's head, neck, chest and groin and
follow treatments for mild hypothermia.
Severe hypothermia
Call for an ambulance, treat the victim very gently, cover all extremities completely.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

DRUM AND CONTAINER HANDLING
•

Only trained personnel should open drums containing unknown materials.

•

Bulging drums or containers are an indication of pressure build-up. Open all drums or
bungs extremely slowly to determine the presence of vapors or pressure inside the drum.
If the possibility of fire or explosion exists, a protective shield should be used and/or
remote opening devices. Employees not directly involved with opening a container shall
be kept a safe distance away.

•

Use only drums and containers that meet the appropriate DOT, OSHA, and EPA
regulations.

•

Utilize drum/container handling equipment whenever possible. The equipment should
have a sufficiently rated load capacity and should be able to operate smoothly on the
available surface.

•

Label and identify drums and containers when moved to the staging areas to safely
identify and classify their contents. Segregate incompatible drums.

•

Inspect the integrity of the drum container before moving. Any drum or container lacking
integrity shall be placed within an over pack container.

•

Staging areas require adequate escape routes. Staging area should provide secondary
containment for all moved drums.

•

Employees must be warned of the potential hazards associated with the contents of
containers or drums prior to moving said containers or drums.

•

Organize site operation to minimize the amount of drum or container movement. Have a
clear view of the available pathway when moving drums. If needed, an additional person
should be available to provide guidance.

•

Never stand on drums or containers.

•

Use non-sparking tools and appropriate grounding and bonding equipment.

•

Appropriate fire extinguishing equipment must be onsite at all times during drum
handling.

•

Spill control equipment shall be onsite in areas where spills ruptures or leaks may occur.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

ELECTROCUTION
•

Install adequate warning signs and barriers (in plain sight) in all areas where hazardous
electrical facilities exist.

•

Use only heavy duty electrical cords that are not subjected to excessive bending,
stretching, or kicking. All cords and wires shall be frequently inspected for signs of
defects. Damaged or frayed electrical wires, cords, and plugs shall be immediately
replaced by a qualified electrician or other properly trained personnel.

•

All portable power tools shall be equipped with Ground Fault Circuit Interrupters.

•

Do not permit overloading of electrical circuits at anytime. The replacement of fuses or
circuit breakers with makeshift materials or over-capacity fuses is strictly prohibited.

•

A minimum clearance of 20 feet (radius) will be maintained between heavy equipment
(i.e., drill rig) and any overhead power lines, regardless of voltage.

•

Before subsurface work, a utilities search for underground lines will occur and will be
documented (if within 3 feet of marked underground utility, hand digging is required).

•

Installation and maintenance of electrical facilities or equipment must only be performed
by qualified and properly authorized personnel or electrical subcontractors. Apprentice
personnel permitted to work on electrical equipment shall be under the supervision of a
fully qualified electrician.

•

Follow the company Lock-out/Tag-out procedures when applicable.
Electrical
equipment and lines shall always be considered “energized” until proven “de-energized”.
Before beginning work, each electrical circuit shall be inspected, tested, and where
possible, isolated from the power source. Extreme care shall be exercised as wires
designed to operate at ground potential may become energized by faulty or inadequate
connections.

•

Do not wear rings, watches or metallic objects that could act as conductors when
working with electrical circuits.

•

Do not use metal ladders and un-insulated tools while working with electrical circuits
and equipment.

•

Protect electrical wires with suitable protective conduits or devices where they are
exposed to possible damage.

•

Connect grounding devices to a ground before contacting any conductor of a circuit.
When grounding devices are removed, they shall be disconnected from the circuit before
being disconnected from ground.

•

The type of circuit shall determine the type of protective equipment required. Rubber
gloves, sleeves, blankets, mats, and insulated platforms shall be used as required.
Questions regarding PPE should be directed to the SHSO.
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ELECTROCUTION
•

Inspect all insulated protective equipment continuously for defects or damages. Any
defective equipment shall be replaced before using.

•

Establish and enforce testing schedules for insulation qualities for protective equipment.
All users shall verify that equipment has been satisfactorily tested prior to use.

•

Electricians shall be familiar with the National Electrical Code; state and local electric
codes; OSHA standards, including 29 CFR 1926, Subpart K; and applicable sections of
the National Fire Protection Association Codes.

•

When working on energized circuits of 440 volts or higher, at least one qualified
electrician and one other employee shall be present.

•

Use only NEC approved grounding equipment as a ground for electrical equipment.
Metal frames on electricity-powered equipment, electrical facilities, and transmission
equipment shall be connected to the grounding system. Alternative grounding systems
complying with applicable electrical codes may be used for temporary portable
equipment.
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EXCAVATION/TRENCHING

Prior to Excavation
•

Confirm that an OSHA competent person is available. An OSHA competent person is
someone with enough training to identify soil types and other excavation hazards and
authority to take prompt corrective actions.

•

Check for the presence of underground and aboveground utilities before conducting any
intrusive work. Support, protect or remove utility lines as appropriate.

•

Implement the Geosyntec Confined Space Entry Program if employees are to enter
excavations or trenches of 4 feet deep or deeper (regardless of width). Entry also requires
that Tesoro/GER Confined Space Entry permitting are obtained before starting work.

•

Remove or brace trees, boulders, etc., adjacent to the work area that could fall into the
work area before intrusive begins.

•

Underpin all nearby existing structures to ensure their stability before excavating below
the level of the base of the footing of any foundation or retaining wall.

During Excavation
•

Wear hard hats, safety boots and reflective vests.

•

Use flagmen or warning devices for all mobile equipment using reverse and forward
motion

•

Adequately slope or shore all sides of excavations/trenches 5 feet or more in depth
(depending on local regulations) before allowing anyone to enter them (see below).

•

Store and retain all equipment/material and excavated soil/rock/waste (spoil(s)) at least 2
feet or more from the edge of the excavation/trench.

•

Use diversion ditches or dikes to prevent water from entering an excavation, and to
provide adequate drainage of the area adjacent to the excavation. Prevent water from
accumulating in an excavation.

•

Install substantial stop logs or barricades when mobile equipment is used or allowed
adjacent to excavations.

•

Provide a walkway or bridge with standard guardrails where employees or equipment are
required or permitted to cross over excavations.

•

Ladders used for ingress/egress should extend a minimum of 3’ above ground surface, be
secured, and be located so as to require no more than 25 feet of lateral travel for workers
in the trench or excavation.

•

Avoid standing on top of trench/excavation while personnel are below, in the trench.
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EXCAVATION/TRENCHING
•

Examine all excavation work areas and faces for unsafe conditions at least at the
beginning of each shift and especially after blasting, a rain, a freeze or a thaw. If unsafe
conditions are found, all work in that immediate area shall cease until the necessary

•

If it is necessary to place or operate trucks, materials or other heavy objects on a level
above and near an excavation, pile, shore, and/or brace sides of excavations to resist the
extra pressure due to such superimposed loads.

Shoring an Excavation
•

Place cross braces or trench jacks in a true horizontal position, space vertically and
secure to prevent sliding, falling or kickouts.

•

Use portable trench boxes or sliding trench shields, if needed, in place of a shoring
system or sloping.

•

Support systems shall be planned and designed by a qualified professional engineer when
the excavation is in excess of 20 feet in depth, adjacent to structures or improvement, or
subject to vibration or ground water.

•

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

•

Stability of an excavation left open for a long period of time(i.e. more than a few days)
should be evaluated by a professional engineer to assess if slopes, bracing measures, etc.
need to be modified.

•

Start backfilling trench before removing braces in case of Type C soils.

•

Put up barricades – flagging tape, fencing to prevent falls into the excavation.

•

Cover or secure trench/excavation if left open overnight.

Sloping an excavation
•

Excavate to at least the OSHA minimum required angle ratio according to soil
classification identified except for areas where solid rock allows for line drilling or presplitting.

•

Flatten the angle of repose when an excavation has water conditions, silty materials,
loose boulders, and areas where erosion, deep frost action and slide planes appear.
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EXCAVATION/TRENCHING
Soil
Classification

Soil Classification Description

OSHA Minimum
Requirements For Side
Slopes

Soil Type A

Most stable: clay, silty clay and
hardpan (resists penetration)

.75:1 (for one foot vertical
rise, the trench wall must
be cut back ¾’)

Soil Type B

Medium stability: silt, sandy loam,
medium clay and unstable dry rock

1:1 (each step has an equal
horizontal and vertical rise;
only cohesive Type B soils
may be benched)

Soil Type C

Least stable: gravel, loamy sand, soft
clay, submerged soil or dense, heavy
unstable rock

1.5:1 (trench wall must be
cut back 1-1/2’ for 1’
vertical rise; type C soil is
not benched)
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EYE INJURY
•

Wear appropriate eye protection according to the task at hand.
HAZARD

TYPE OF PROTECTION

Impact

Safety glasses with side shield or vented safety
goggles

Heat (Sparks)

Vented safety goggles or safety glasses with a face
shield

Chemical

Hooded vented safety goggles or full-face respirator
(if mild chemicals then safety glasses with side
shield is acceptable)

Light Radiation

Tinted/reflective safety glasses or tinted/reflective
face shield

Dust

Hooded vented safety goggles

•

Apply anti-fog product to lens not previously treated.

•

Minimize the amount of vapor or particulate matter generated, if possible.

•

Avoid touching the face and eyes.

•

Flush eyes with water for at least 15 minutes if chemicals do get into the eyes and
medical attention should be obtained.

•

If dust or foreign objects are in your eyes, do not rub your eyes.

•

If an object becomes embedded in the eye, do not attempt to remove. Lightly bandage
your eyes, or both eyes, if possible and immediately seek medical attention.

•

Do not wear contact lenses if chemical or dust hazard is present (e.g. decontamination or
preservation chemicals used during sampling).

•

Provide on-site training to workers before tasks at hand.

•

If visitors enter area, stop work until they are properly protected.
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HAND/FOOT INJURY
•

Wear protective gloves as required in the Health and Safety Plan. Gloves should be
chosen to suit the work being performed (e.g., chemical resistant gloves will be worn
when handling chemicals or sampling for suspected chemicals).

•

Steel-toed/steel-shanked safety boots must be worn whenever working around heavy
objects (or as required by the HASP). Insulated and/or waterproof boots may also be
warranted depending on weather conditions. Boots should be inspected periodically for
signs of wear (e.g., cracks in rubber or along soles) and replaced as required.

•

Durable footwear which provides adequate ankle support should be worn when working
in rugged terrain.

•

Use proper lifting techniques to avoid dropping heavy loads on hands and feet (refer to
lifting heavy loads hazard mitigator).

•

Be aware of moving machinery and heavy equipment in the work area and tuck away any
loose clothing.
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HEAT STRESS
Prevention:
•

Drink plenty of hydrating fluids, such as Gatorade® or water. In high heat, a minimum
of one gallon per day should be consumed. Fluid should be consumed frequently. Don’t
wait until thirsty.

•

Provide cooling devices, when necessary, to aid natural body heat exchange during
prolonged work or severe heat exposure. Devices include field showers, hose-down
areas, shade umbrellas/tents, wide-brim hats, and cooling jackets, vests, or suits.

•

If amenable to work conditions, wear light-colored, loose fitting, “breathable” clothing.

•

Avoid prolonged periods of exposure. Take breaks as necessary. Higher heat exposure
requires more frequent breaks.

•

Be able to recognize the signs, symptoms and how to treat for heat stress. Signs,
symptoms and treatment are listed below.

Signs and Symptoms:
•

Mild heat stress - Decreased energy, slight loss of appetite, nausea, lightheadedness.

•

Moderate heat stress - heavy sweating, thirst, faintness, headache, confusion.

•

Severe heat stress (heat stroke) - Throbbing headache, confusion, irritability, rapid
heartbeat, difficulty breathing, dry skin (no sweating), vomiting, diarrhea.

Treatment:
•

Mild and Moderate heat stress - Take to cool place, drink cool (not cold) fluids, remove
excess clothing, rest.

•

Severe heat stress - Call 911 for an ambulance and get to a cool place, remove excess
clothing and rest.

•

Adjust work and rest schedules as needed. Establish a work regimen that will provide
adequate rest periods for cooling down. This may require additional shifts of workers.

•

Provide shelter or shaded areas (77 degrees Fahrenheit is best) to protect personnel
during rest periods.

•

Maintain worker's body fluids at normal levels to ensure that the cardiovascular system
functions adequately. Daily fluid intake must equal the approximate amount of water
lost in sweat. Workers are encouraged to drink more than the amount required to satisfy
thirst (recommend water and sport drinks, not coffee or soda), because thirst is not an
adequate indicator of adequate salt and fluid replacement.

•

Remove impermeable protective garments during rest periods.

•

Do not assign other tasks to personnel during rest periods.
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HEAVY EQUIPMENT
Working around Heavy Equipment
•

Yield to heavy equipment; stay out of swing radius.

•

Listen for warning signals on heavy equipment.

•

Perform a visual inspection and walk around parked heavy equipment before moving to
assure that equipment is in good condition and that there are no personnel on the ground
that could be injured or objects that could be damaged by vehicle movement.

•

Wear hearing protection if required.

•

Wear traffic vests for increased visibility.

•

Maintain eye contact with the heavy equipment operator when working near equipment.

•

Be aware of changes in sound of equipment which may indicate a change in direction.

Heavy Equipment Operators
•

use hand rails and footholds when mounting and dismounting equipment,

•

Brakes, steering, clutches and controls shall be tested.

•

Pay attention to workers on the ground who may be in the path and provide warning
prior to moving the equipment.

•

Permit no one to ride on, or in, heavy equipment. This includes any portion of a
backhoe, bulldozer, forklift or the back of a pickup truck, except in locations specifically
designed for passenger use and approved by the SHSO.

•

Keep haulage vehicles under positive control at all times while operating. Vehicles shall
be kept in gear when descending grades.

•

Do not use heavy equipment on slopes with steepness exceeding 3H:1V unless
operations are consistent with manufacturer’s recommendations (if the Owner’s Manual
is not with the equipment or does not specify slope operating procedures, see the SHSO).

•

Operate equipment with booms, blades, buckets, beds, etc., lowered or in a stable
position while on slopes. Safety cables tethered to appropriate anchors shall be used for
equipment working on steep slopes, where appropriate.

•

Suspend in slings or support by hoists or jacks heavy equipment in need of repair. The
equipment must also be blocked or cribbed before working underneath.

•

Shut off motors, do not allow smoking, and use proper dispensing equipment when
refueling gasoline-operated equipment to prevent fire hazards.

•

Lower hydraulic systems (e.g., blades, etc.) to the ground, set brakes, and shut down
equipment if malfunction occurs.

•

Use rollover protection and seat belts.
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KNIVES / BLADES
•

Always wear proper protective equipment. This should include:
- heavy-duty leather gloves,
- steel-toed boots with non-slip soles, and
- hardhat and eye protection.

•

Check the work area and make sure that:
- the ground is free of obstacles such as rocks, stumps, holes, and wet or otherwise
slippery conditions.
- you can get a firm footing on the ground.

•

Route cords, hoses, and cables supplying power to portable power tools to prevent
tripping hazards.

•

Protect tools from corrosion damage.

•

Keep tools free of accumulated dirt and unnecessary oil or grease.

•

Worn, damaged or dull blades should be sharpened or replaced as necessary.
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LIFTING HEAVY LOADS
•

Proper lifting techniques include:
− Feet - Feet should be parted, with one foot alongside the object being lifted and
one behind. Feet should be comfortably spread to give greater stability. The
rear foot should be in position for the upward thrust of the lift.
− Back - Use the sit-down position and keep the back straight, but remember that
“straight” does not mean “vertical”. A straight back keeps the spine, back
muscles, and organs of the body in correct alignment. It minimizes the
compression of the abdomen that can cause a hernia.
− Arms and Elbows - The load should be drawn close to the body, and the arms
and elbows should be tucked in. When the arms are held away from the body,
they lose much of their strength and power. Keeping the arms tucked in also
helps keep body weight centered.
− Palm - The palm grip is one of the most important elements of lifting. The
fingers and the hand are extended around the object to be lifted. Use the full
palm; fingers alone have very little power.
− Chin - Tuck in the chin so the neck and head continue the straight back line.
Keep the spine straight and firm.
− Body Weight - Position the body so its weight is centered over the feet. This
provides a more powerful line of thrust and assures better balance. Start the lift
with a thrust of the rear foot. Shift hand positions so the object can be boosted
after knees are bent. Straighten knees as object is lifted or shifted to the
shoulders. To change direction, lift the object to a carrying position, and turn the
entire body, including the feet. Do not twist your body. In repetitive work, both
the person and the material should be positioned so that the worker will not have
to twist his body when moving the material. If the object is too heavy to be
handled by one person, get help.

•

Limit continuous lifting of weights to 50 pounds or the maximum allowed by the client
whichever is less. Lifts of heavier weights are permitted on an interim basis. Help shall
be obtained for lifting of loads greater than 50 pounds or the maximum allowed by the
client whichever is less. Mechanical equipment should be used on heavy materials when
possible. If mechanical assistance is not available, adequate manpower to maintain the
50-pound limit per employee will be required.
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LIFTING HEAVY LOADS
•

Do not lift more weight than can be handled comfortably, regardless of load weight. If
necessary, help should be requested to lift a load so that the lifting is comfortable.

•

Use drum dollies when moving drums or barrels.

•

Inspect objects for grease or slippery substances before they are lifted to ensure that the
object will not slip.

•

Do not carry long, bulky or heavy objects without first verifying that the way is clear and
that vision is unobstructed. This ensures that other persons or objects will not be struck
by the load.

•

Do not carry loads that cannot be seen over or around.

•

Exercise caution when lifting above the chest level.

•

Make sure workers are physically suited for the job before assigning jobs requiring heavy
and/or frequent lifting. A person’s lifting ability is not necessarily indicated by his
height or weight.

•

Before lifting an object, consideration should be given to how the object will be set
down without pinching or crushing hands or fingers. For example, to place an object on
a bench or table, the object should be set on the edge and pushed far enough onto the
support so it will not fall. The object can then be released gradually as it is set down,
and pushed in place with the hands and body from in front of the object.

•

When two or more people are handling the same object, one should “call the signals”.
All the persons on the lift should know who this person is and should warn him if anyone
in the crew is about to relax his grip.
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LOUD NOISE
•

Wear hearing protection in areas with constant or loud noise.

•

Know the effects of noise, including:
− Workers being startled, annoyed, or distracted.
− Physical damage to the ear, pain, and temporary and/or permanent hearing loss.
− Communication interference that may increase potential hazards due to the
inability to warn of danger and proper safety precautions to be taken.

•

Implement the company Hearing Conservation Program when noise exposures equal or
exceed an 8-hour, time-weighed average (TWA) sound level of 85 decibels on the Aweighed scale (dB).

•

Utilize feasible administrative or engineering controls if workers are subjected to noise
exceeding an 8-hour TWA sound level of 90 dB.

Appendix C – Hazard Mitigators

January 12

The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

PORTABLE POWER/HAND TOOL
•

Read instruction manual for the safe operation of any portable power tool.

•

Route cords, hoses, and cables to prevent tripping hazards or contact with equipment.

•

Avoid abusing the power supply lines of portable equipment. Excessive scraping,
kicking, stretching, and exposure to grease and oils will damage lines or cause them to
fail prematurely, and possibly injure the operator or fellow workers.

•

Inspect cords, hoses, and cables for wear or deterioration.

•

Do not use electrically powered tools near flammable materials or explosive atmosphere,
unless they are of the explosion-proof type meeting the National Electrical Code for
potentially explosive work areas. Employees operating the equipment should be aware
of sparks and or metal fragments when using this equipment.

•

Ground-check portable electric power tools with metal cases initially and quarterly. At
no time will electrical power equipment be operated without proper grounding. All
electrical cords and cables, including extension cords, shall include a third wire ground.

•

Prohibit operations of electric tools in wet or damp areas.

•

Size cords adequately for length and the electrical demand of the tool. Otherwise, they
may cause a fire hazard.

•

Limit use of tools to the purpose for which the tool is intended (e.g., wrenches will not
be used as hammers). Defective tools (e.g., with mushroomed heads or split or defective
handles) shall not be used.

•

Keep tools free of accumulated dirt and unnecessary oil or grease. Moving and
adjustable parts shall be lubricated frequently to prevent wear and misalignment.

•

Replace or repair damaged or worn tools promptly. Temporary or makeshift repairs are
prohibited. At the discretion of the supervisor, discard all tools that cannot be repaired
safely. Supervisors shall decide when to discard a tool.

•

Store tools in suitable boxes or containers. Loose tools shall not be stored on ledges or
where they might fall. Tools shall be picked up when a job is completed and not be
allowed to accumulate in the work area. Store all tools in a safe place.

•

Do not use conducting (i.e., metal) tools around electrical facilities. Insulated tools,
approved for electrical work, shall be tested frequently for proper insulation.

•

Select the correct size and type of wrench for each job. Wrench handles shall not be
extended with a pipe or cheater because the jaws will spread.

•

Repair mushroomed punch, drift and chisel heads. Mushroomed heads represent
crystallized metal that will break and fly off when struck.

•

Wear eye protection at all times.
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SLIPS, TRIPS, AND FALLS
•

Wear the proper foot wear and clothing for the task at hand.

•

Pay attention to the work environment and become aware of all equipment and vehicles
active onsite and use caution when moving about.

•

Use caution when walking on sloped areas (especially geosynthetics), particularly when
moisture is present. Use caution when walking on soft or uneven surfaces; e.g., marsh
areas. Watch for icy conditions in cold weather.

•

Follow the established designated safe paths for travel and keep these areas free from
debris. Avoid steep or slippery slopes and paths near operation vehicles and equipment.

•

Follow good housekeeping procedures. Never assume that someone else will clean up a
spill or put away an object.

•

Remove or clearly mark objects that pose tripping hazards.

•

Prevent water accumulation where practicable.

•

Cables and/or wiring should be taped down, when possible. Locate cables and/or wiring
out of the commonly used areas.

•

Mark or repair any opening or hole in the floor.

•

Carry objects in a manner that allows you to see in the area you are moving in. Do not
carry objects that are too large or bulky. Do not carry more weight than you can balance
and keep stable. Understand that PPE can reduce or limit your field of vision and
mobility.

•

Use the proper ladder for the task at hand and do not exceed the recommended height.
Do not use the top two rungs of a ladder. Ensure a flat and stable footing for the
placement of a ladder. Utilize the buddy system to help secure the ladder. When
working over 6 ft., utilize fall prevention measures. Obey height and weight guidelines
and/or rules.

•

Use the handrail when using stairs. Be aware of stairway blockages.

•

If conditions even slightly resemble an unsafe environment, do not make any
assumptions that the integrity of a workplace is intact.

•

Never jump over or into a trench or excavation.

•

Walk, do not run.

•

Maintain proper lighting so obstacles are clearly visible
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TRUCK CRANES
Working with Cargo Bed Mounted Truck Crane
•

Make sure vehicle is in park with the parking brake on.

•

Truck should be parked on as level of a surface as possible.

•

Make sure the control unit connectors are plugged into their proper plug locations.

•

Check the crane for proper support pin placements and that the crane unit is secured
properly.

•

When lowering or raising the cable, make sure hands and clothing are away from the
pulleys and winch mechanism.

•

Maintain eye contact with the crane operator when working near equipment.

•

Be aware of changes in sound of equipment which may indicate a change in direction or
fatigue with equipment.

•

Hand signals may be needed to communicate with crane operator in areas with loud noise.

Lifting Loads with Cargo Bed Mounted Truck Crane
•

Respect the load capabilities of the unit at all times. Capacity is 500 Lbs for trucks with
GVWR of 8800 pounds or less and 750 Lbs for trucks with GVWR of 8800 pounds or
greater. (GVWR specifications of trucks can be found on sticker located on the driver side
door jam).

•

Make sure the load is secured correctly to the crane cable.

•

Make sure the load that will be lifted in not secured, bolted down, or attached in anyway before
lifting.

•

Equipment used to secure load to the truck crane should be properly rated for the load
being lifted.

•

Know the weight of the load being lifted, and make sure it falls under the maximum lift
load of the crane.

•

Do not put any part of body under the crane boom or lifted loads at any time.

•

Load lifting should be as close to vertical (plumb) as possible. Be aware of swinging loads once
lifted.
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TRUCK CRANES
•

Lift and drop load at a safe rate of speed.

•

When rotating the load, make sure that the pathway way is clear of equipment and
personnel.

•

Do not stand between crane cable and truck at any time.

Appendix C – Hazard Mitigators

January 12

The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

UTILITY PROTECTION
The occurrence of above and below-ground utilities should be anticipated at every site. The
traditional method of using existing “as built” plans and maps (if available) and probing in the field
(i.e., “hunt and hope”) is not sufficient to provide adequate assurance that utilities are not impacted
during site activities. This Utility Protection Hazard Mitigator is to be implemented prior to
conducting intrusive site activities (i.e., drilling, well installation, trenching, excavation, hand
auguring, etc.). The objective of the Utility Protection Hazard Mitigator is to describe the process
necessary to investigate, and to the extent practical, identify utilities in work areas for the purpose of
avoiding the utilities, protecting utilities and site personnel, and mitigating impacts to site operations.
Approximate location of subsurface installation means a strip of land not more than 24-inches on
either side of the exterior surface of the subsurface installation.
Excavation means any operation in which earth, rock, or other material in the ground is moved,
removed, or otherwise displaced by means of tools, equipment, or explosives in any of the
following ways: grading, trenching, digging, ditching, drilling, auguring, tunneling, scraping, cable
or pipe plowing and driving, or any other way.
High priority subsurface installation means high-pressure natural gas pipelines with normal
operating pressures greater than 415 kPa gauge (60 psig) or greater than six inches nominal pipe
diameter, petroleum pipelines, pressurized sewage pipelines, high-voltage electric supply lines,
conductors, or cables that have a potential to ground of greater than or equal to 60 kilovolt (kV), or
hazardous materials pipelines that are potentially hazardous to workers or the public if damaged.
The Mitigator process is summarized below:

•

Identify the location of the planned intrusive activities.

•

Mark the planned work area with white water based marking paint. If work area is not
visible from the street either because of obstruction or distance, provide distance from
street to work area (i.e., 150 feet north).

•

Contact DigAlert or dial 811 (nationwide) to identify utilities in your work area.
http://www.digalert.org/ (811) provides a link to the local state operated “Call-BeforeYou-Dig” service.

•

Review existing utility maps with facility personnel and determine the approximate
numbers and types of utilities within the project area. This is inclusive of below-ground
utilities that may be encountered during intrusive operations as well as overhead utilities
that may be encountered during operations (i.e., drilling mast and overhead power lines).

•

Most “Call-Before-You-Dig” services will only mark below-ground utilities leading to
the site utility meter. With the exception of high priority utilities (as defined above),
utilities present after passing through the site meter may be left without adequate
inspection. In such cases, the use of a private utility location firm may be prudent to
ensure thorough identification of utilities.
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The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

UTILITY PROTECTION
•

Retain the services of a private utility locating company that can identify metallic
utilities and anomalies in the vicinity of the work area. Private utility location firms use
a variety of location techniques. The suspected types of utilities should be discussed
with the private utility location firm to ensure that proper techniques are used. Improper
techniques may result in missed or improperly identified utilities.

•

DigAlert must be called at least 48 hours prior to the start of work to complete a utility
inspection. (For example, if you notify DigAlert on Tuesday at 9:43 a.m. no work can
begin until Thursday at 9:43 a.m.)

•

Record the inspection confirmation number. Confirm that the inspection was conducted
prior to the start of work. The inspection confirmation number is critical in the event
that an unmarked utility is encountered, or if a utility identified during the inspection
request did not mark the site for the presence or absence of the utility (no-show). If a noshow occurs with it may be possible that the utility operator sent a facsimile care of the
project manager (identified during utility inspection request) indicating that there are no
conflicts in the planned work area. However, if there is any question, contact DigAlert
immediately and request that the missing utility please call to confirm presence or
absence of utility in work area or schedule a meeting time at the site.

•

After below-ground utilities are identified, the utilities should be marked. The most
common marking method is paint or pin flags. The following marking colors are
generally widely accepted to demarcate specific types of utilities, but should be
confirmed.

•

Above-ground utilities should be visually identified. Warning signs may be placed in
work areas to remind workers of the above-ground utilities. Other techniques such as
shielding or utility relocation may be necessary to make the work safe. Proper set back
and approach distances must be maintained at all times.
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UTILITY PROTECTION
•

Be observant of above-ground features at a site that may be indicative of an underground
utility line. An example of this would be noticing two fire hydrants and noting that there
is likely a buried water line between them, sings of trenching activities, asphalt or
concrete patches, or linear depressions in the ground surface.

•

Following the completion of the utility marking, the work area should be inspected by all
members of the project team (client, engineer, and contractor) to inspect and discuss the
finding. Adjustments to site operations, if necessary, should be discussed and agreed
upon by the project team prior to initiation of site work. If possible, work areas should
be re-located away from utilities.

•

If conditions allow, consider using vacuum excavation.

•

Depending on the proximity of utilities to the work area, low impact soil removal
techniques (potholing) may be necessary to either confirm the presence of utilities or to
provide protection of utilities before invasive activities. In such cases, hand excavation,
hand auguring, vacuum excavation, water jet removal, or other low impact removal
techniques may be necessary to a depth of 3 to 5 feet (or other depth as determined by
project-specific conditions). In cases where a high priority utility is located within 10
feet of the work area, documentation from the utility owner must be obtained allowing
potholing before any work can be conducted. If the utility is not found after potholing is
conducted, contact DigAlert and the utility owner immediately to request additional
information as to the location of the utility. It is necessary to conduct potholing activities
before any work can be conducted in the vicinity (within 10 feet) of the high priority
utility.

•

If utility location markings are lost, damaged, or faded, a new utility location survey
should be conducted to replace the missing or damaged markings. Please note that some
municipalities require that all utility markings be removed after work is completed.
Black spray paint may be used to cover up utility markings in the street but must be
removed from sidewalks.

•

In all cases State, local, utility-specific requirements, facility-specific controls, permits,
and operations should be considered and incorporated into the Utility Protection Hazard
Mitigator.

•

Utility protection should be addressed during each tailgate or job briefing in order to
reinforce below-ground utility location and the avoidance of above-ground utilities.
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WELDING AND CUTTING
•

Reduce exposure to all welding emissions using engineering controls (ventilation) and
safe work practices.

•

All persons who weld or cut must be properly trained. Associated hazards include:

•

- Thermal
- Electrical circuit
- Chemical fumes
- Gas leakage
- Physical injury
- Excessive noise
- Volatile combination of heat and gas - Poisoning
- Radiation from unfiltered ultraviolet light
Preventative fire measures include use of a welding blanket, removal or covering of
flammable materials, and working a safe distance from flammable materials.

•

Wear hearing protection, as required.

•

Ensure that there is adequate lighting in the work area.

•

Utilize the proper protective clothing and equipment (PPE), including:

•

- Shield or helmet with filtered lens
- Boots
- Fire-resistant gloves
- Leather spats
- Leather apron
- Felt skullcap or beret
- Overalls
- Hand shields
Read the MSDS sheets for all hazardous substances with which you may come into
contact prior to starting work.

•

Never cut off the tops of drums that have contained flammable liquids or gases. Vapors
left inside the drum may explode! If a drum that has held toxic or flammable substances
must be cut, it should be filled with water, or thoroughly cleaned of such substances by a
specialist cleaning company, then ventilated and tested.

•

Do not apply heat to drums that have held chemicals because it may cause them to
produce poisonous gas.

•

Never weld or grind near an empty drum. A single spark inside an empty drum can
trigger an explosion. Keep torches, flames and sparks away from grinding and welding
equipment.

•

Under no circumstances should fittings of oxyacetylene equipment be allowed to become
contaminated with grease or oil, which can ignite in the presence of pure oxygen.

•

Have flashback arrestors fitted to all oxyacetylene equipment to overcome the danger of
flashback.

• Store oxygen and gas separately. Store acetylene cylinders upright to prevent explosion.
Always chain stored cylinders.
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ALLERGIC REACTION TO POISONOUS PLANTS
•

Be able to recognize and identify poisonous plants indigenous to the site location (e.g.,
poison ivy, poison oak, poison sumac). For example, poison Ivy plants have three leaves
arranged at the end of each stem. Two secondary leaves are attached opposite one
another and directly to the stem at their base. The primary leaf is attached to the end of
the stem. The leaves often, but NOT ALWAYS, have a shiny appearance. See photos
below.

•

Poison Ivy often appears as ground cover at the edge of wooded areas and along trails
within fields and woods. It may also appear growing from a vine wrapped around trees.

•

Avoid or remove poisonous plants where practicable. Wear appropriate protective
clothing (e.g., gloves, long-sleeved shirts) as required. If needed wear Tyvek suits. If it is
believed to be unsafe due to the abundance of poisonous plants, STOP WORK.

•

One can become sensitized (like a latex allergy) though immune for several years at the
beginning.

•

If you come in contact with the plant, the plant's oil will be transferred onto your
skin and clothing. The best way to manage the oil is to wash skin with cool water
and soap (preferably 5% tincture of green soap available at CVS). If soap and water is
unavailable, thorough (2-3 minutes) rinsing with cold water may help (not warm...want
to keep those pores closed!)

•

The lag time between exposure and symptoms can be quite long like several days.

•

If you are in the field, blot the area with an alcohol patch and follow by washing as
soon as possible. Calamine lotion, Tecnu, yellow laundry soap, or Colloidal oatmeal
(Aveeno®) baths provide relief from itching and rashes. More information about Tecnu
can be found at http://www.teclabsinc.com/.

•

If you have to pass through heavy ivy growth, be sure to carefully handle your field
cloths when you return. Your shoe laces will always get you if you are not careful. The
oil can last on clothing for a few weeks, so wash frequently.
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DOGS
•

Never approach a stray dog.

•

If a stray dog is at your site, stay in your vehicle.

•

If a stray dog approaches, back away slowly and proceed to your vehicle or the closest
secure building.

•

If a vehicle or secure building is not close by when a stray dog approaches, stay calm.
Do not run and do not yell. If you must say anything at all, use a calm, firm voice and
avoid eye contact. Back away slowly from the dog or stand still until it turns away. Keep
your hands firmly by your side.

•

If a dog jumps, raise your knee to protect yourself.

•

If a dog attacks, curl into a ball with your hands over your head and neck, and protect
your face.

•

Be aware of unusual dog behavior. Stray dogs may have rabies, which is exemplified by
the following signs:
- Constant growling and barking
- Dilated pupils, disorientation
- Erratic behavior
- Facial expression showing anxiety and hyper-alertness

•

- Inability to swallow, leading to drooling and foaming of saliva (i.e., "foaming at the
mouth")
If bitten or scratched by a dog, seek medical attention immediately.
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INSECT / VERMIN / SNAKES
•

Be able to recognize insects/vermin/snakes indigenous to the site location and habitats.
Learn the indigenous dangerous species (e.g., spiders, snakes, ticks) prior to entering the
field and know the first aid treatments.

•

Poisonous venomous snakes swim on top of the water, non-poisonous venomous snakes
swim with only their heads above water.

•

Advise the SHSO if you have allergies to any insects prior to engaging in any field
activities.

•

Include the following preventative measures as necessary: wear light-colored clothing,
keep clothing buttoned, tuck pant legs into socks, keep shirt tails tucked in, and use
boots, hoods, netting, gloves, masks, insect repellants or other personal protection.

•

Snake bite kits are commercially available and should be carried by field personnel when
working where poisonous snakes exist. In the case of a snake bite, keep the patient calm,
restrict activity and immobilize the bite area (do not elevate), and immediately obtain
medical attention.

•

Report any bites or stings to the SHSO and seek medical attention immediately.

Appendix C – Hazard Mitigators

January 12

The task(s) for which these Hazard Mitigators apply are presented in the Attachment C Directory

STINGING INSECTS
•

Be aware of potential hive/nest locations, which may include culverts, drainage pipes,
junk piles, or dense shrubbery.

•

Advise the SHSO if you are allergic to stinging insects prior to engaging in any field
activities.

•

Include the following controls:
− Do not agitate stinging insects or disrupt their hive/nest.
− Keep the area quiet and calm.
− Wear light-colored clothes.
− Avoid wearing perfumes, hair spray, or scented lotions in the wilderness.

•

If attacked:
− Do not scream or wave arms.
− Cover your face with your hands.
− Run for shelter in a building or vehicle. Do not seek shelter in water.
− Remove stingers as quickly as possible to lessen the amount of venom entering
the body. Remove the stinger by raking your fingernail across it. Don’t pinch or
pull the stinger out. Put ice on the sting to reduce the swelling.

•

Report any stings to the SHSO and seek first aid or emergency medical care immediately
if stung several times.
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Attachment D
Constituents of Concern (COCs)
Constituent1

Medium

2

Maximum
3
Concentration

PAHs

Soil

Varies (see FS/RAP,
Geosyntec 2011)

Metals

Soil

Varies (see FS/RAP
Geosyntec 2011

Pesticides

Soil

Varies (see FS/RAP
Geosyntec 2011)

VOCs

Gas

Varies (see FS/RAP
Geosyntec 2011)

Methane

Gas

13 % v/v

Footnotes:
1

Constituents that are included on this list have either been detected at the site at concentrations that may cause
potential dermal, ingestion, or inhalation hazards, or the constituent is suspected to potentially be present at
elevated concentrations but no analytical data are available.

2

Type of medium (i.e. soil, water, sludge, etc.).

3

Maximum concentration previously detected for the constituent based on historic data (if available). Liquid
concentrations are presented in micrograms of constituent per liter of solution (µg/l). Solids concentrations are
presented in milligrams of constituent per kilogram of soil (mg/kg). Soil gas and/or ambient air concentrations
are reported in milligrams of constituent per cubic meter of gas/air (mg/m3).
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COC FACT SHEET - NAPHTHALENE
CAS Number:91-20-3

Molecular Weight: 128.2

Color: Colorless to Brown

Ionization Potential (eV): 8.12

Vapor Density (Air=1):4.4

Synonyms: Naphthalin; Tar Campor; White
Tar

Physical State: Solid

Odor: Mothballs

Henry’s Constant: 0.02

Vapor Pressure: 0.08
(mmHg@20C)

Fire Hazard
Flash Point(°F): 174
LEL(%): 0.9

NFPA rating: 2
HMIS rating: 2
UEL(%): 5.9

Reactivity Hazard

NFPA rating: 0
HMIS rating: 0

Health Hazard

Incompatibilities: Strong oxiders; chromic
anhydride

NFPA rating: 2
HMIS rating: 2

Odor Threshold (ppm): 0.038

Carcinogenic:
Yes
OSHA:

Not listed

IDLH (ppm): 250
Fire Extinguishing Media:
Dry Chemical
Foam
Water Spray
CO2
Fire Extinguisher:
Class A
Class C
Class A/B/C

Source
Class B
Class D

TWA

STEL

C

(ppm)

(ppm)

(ppm)

OSHA PELs

10

NA

NA

ACGIH TLVs

10

15

NA

Signs/Symptoms of Acute Exposure: Irritation of eyes;
headache; confusion; excitement; nausea; vomiting;
abdominal pain; irritated bladder; profuse sweating;
dermatitis
DOT:

DOT:

Flammable Liquid
Combustible Liquid

DOT:

Oxidizer

Poison

IARC:

Group 1
Group 2B
Group 4

Group 2A
Group 3
Not listed

NTP:

Known
Process

Anticipated
Not listed

ACGIH:

A1
A3
A5

Skin Absorbable:
Skin Corrosive:

DOT:

A2
A4
Not listed
Yes
Yes

No
No

Corrosive

Water Reactive
Air Monitoring
Type

Brand/Model No.

Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump
Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Calibration Method/Media

GasTech GX-82

Methane

Foxboro OVA 128

Methane

Gilian Pump/NIOSH#1501
Protective Clothing

Calibrate pump w/ media

Viton/North
Neoprene/Mapa
PVC/Ans.Ed.
Butyl/North
Tyvek QC

Viton/Best
Silvershield/North
Neoprene/Ans.Ed.
Neoprene/BestUltraflex
PVC/BestHustler
Nitrile/LabSafe.
PVA/Ans.Ed.
Other
Tyvek/Saranex
Tychem7500
Tychem 9400

4H/Safety
Neoprene/BestNeo.
Nitrile/Ans.Ed.
Tychem 10,000

Other

Respiratory Protection
Air Purifying
Notes: Glove Type/Brand information not available
Prepared by: Sherry Hall

Napthalene - COCFS - Napthalene

Air Supplied Only

Maximum Use Concentration (ppm): Half mask: 100

Full face: 250

Date: 16 January 1997, Rev. 30 January 2002

26 February 2002

COC FACT SHEET - ARSENIC
CAS Number:7440-38-2

Molecular Weight: 74.92

Color: silvery to black

Ionization Potential (eV): NA

Vapor Density (Air=1):NA

Synonyms: Arsenic metal; Arsenia

Physical State: solid

Odor: odorless

Henry’s Constant: NA
{(atm ×m3)/mol}

Vapor Pressure: 1
(mm Hg at 20°C)

Fire Hazard
Flash Point(°F): NA
LEL(%): NA

NFPA rating: 3
HMIS rating: 2
UEL(%): NA

Fire Extinguishing Media:
Dry Chemical
Foam
Water Spray
CO2
Fire Extinguisher:
Class A
Class C
Class A/B/C

Reactivity Hazard

NFPA rating: 2
HMIS rating: 2

Incompatibilities:
Bromates,
peroxides,
chlorates, isodates, lithium, silver nitrate,
potassium nitrate, potassium permanganate,
chromium (VI) oxide; halogens; bromine
azide; pulladium; dirubidium acetylide; zinc;
and platinum

Health Hazard

NFPA rating: 3
HMIS rating: 3

Odor Threshold (ppm): NA

Carcinogenic:
Yes
OSHA:

TWA

STEL
3

(mg/m )

Source
Class B
Class D

Not listed

IDLH (mg/m3): 500 mg/m3
Group 1
Group 2B
Group 4

Group 2A
Group 3
Not listed

NTP:

Known
Process

Anticipated
Not listed

C
3

(mg/m )

(mg/m3)

OSHA PELs

0.5*, 0.01** NA

NA

ACGIH TLVs

0.01

NA

NA

IARC:

ACGIH:

* = Organic Compounds

A1
A3
A5

A2
A4
Not listed

** = Inorganic Compounds

DOT:

DOT:

Flammable Gas
Combustible Liquid

Oxidizer

Signs/Symptoms of Acute Exposure: Inhalation may
cause conjunctivitis; eyelid edema; nasal irritation;
coughing; chest pain; inflamation of the mouth.

Skin Absorbable:
Skin Corrosive:

DOT:

DOT:

Poison

Yes
Yes

No
No

Corrosive

Water Reactive
Air Monitoring
Brand/Model No.

Type
Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump

Gastech GX-82
MiniRAE
Foxboro OVA
Drager
NA
Gilian Pump/NIOSH#

Calibration Method/Media
Methane
Isobutylene
Methane
Check pump for leaks
NA
Calibrate pump w/ media

Protective Clothing
Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Viton/North
Viton/Best
Silvershield/North
Neoprene/Mapa
Neoprene/Ans.Ed.
Neoprene/BestUltraflex
PVC/Ans.Ed.
PVC/BestHustler
Nitrile/LabSafe.
Butyl/North
PVA/Ans.Ed.
Other
Tyvek QC
Tyvek/Saranex
Tychem7500
Tychem 9400
Tychem10,000

4H/Safety
Neoprene/BestNeo.
Nitrile/Ans.Ed.
Other

Respiratory Protection
Air Purifying
Notes:
Prepared by: Sherry Hall
Arsenic - COCFS - Arsenic

Air Supplied Only

Maximum Use Concentration (ppm): Half mask: HEPA

Full face: HEPA

Date: 16 January 1997, Rev. 28 January 2002
26 February 2002

COC FACT SHEET – COPPER
CAS Number:7440-50-8

Molecular Weight:63.5

Color: Reddish

Ionization Potential (eV): NA

Vapor Density (Air=1):

Synonyms: Copper metal dusts; Copper
metal mists

Physical State: solid

Odor: Odorless

Henry’s Constant: NA
{(atm ×m3)/mol}

Vapor Pressure: 0
(mm Hg at 20°C)

Fire Hazard
Flash Point(°F): NA
LEL(%): NA

NFPA rating: 0
HMIS rating: 0
UEL(%): NA

Reactivity Hazard

NFPA rating: 0
HMIS rating: 0

Incompatibilities: Oxidizers; alkulis; sodium
azide; acetylene

Health Hazard

NFPA rating: 2
HMIS rating: 2

Odor Threshold (ppm): NA

Carcinogenic:
Yes
OSHA:

Not listed

IDLH (mg/m3): 100
Fire Extinguishing Media:
Dry Chemical
Foam
Water Spray
CO2
Fire Extinguisher:
Class A
Class C
Class A/B/C

DOT:

TWA
3

(mg/m )

Source
Class B
Class D

DOT:

Flammable Gas
Combustible Liquid

Oxidizer

STEL

C

(ppm)

(ppm)

OSHA PELs

1

NA

NA

ACGIH TLVs

1

NA

NA

IARC:

Group 1
Group 2B
Group 4

Group 2A
Group 3
Not listed

NTP:

Known
Process

Anticipated
Not listed

ACGIH:

A1
A3
A5

Signs/Symptoms of Acute Exposure: Irritation of eyes;
nose; pharynx; nasal perferation, metallic taste;
dermatitis

Skin Absorbable:
Skin Corrosive:

DOT:

DOT:

Poison

A2
A4
Not listed
Yes
Yes

No
No

Corrosive

Water Reactive
Air Monitoring
Brand/Model No.

Type
Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump

Calibration Method/Media
Methane
Isobutylene
Methane
Check pump for leaks
NA
Calibrate pump w/ media

Gastech GX-82
MiniRAE
Foxboro OVA
Drager
NA
Gilian Pump/NIOSH#7029
Protective Clothing

Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Viton/North
Viton/Best
Neoprene/Mapa
Neoprene/Ans.Ed.
PVC/Ans.Ed.
PVC/BestHustler
Butyl/North
PVA/Ans.Ed.
Tyvek QC
Tyvek/Saranex
Tychem7500

Silvershield/North
Neoprene/BestUltraflex
Nitrile/LabSafe.
Other
Tychem 9400
Tychem10,000

4H/Safety
Neoprene/BestNeo.
Nitrile/Ans.Ed.
Other

Respiratory Protection
Air Purifying
Notes:
Prepared by: Sherry Hall

Copper - COCFS - Copper

Air Supplied Only

Maximum Use Concentration (ppm): Half mask: HEPA

Full face: HEPA

Date: 9 July 1989, Rev. 7 March 2002

7 March 2002

COC FACT SHEET - LEAD (INORGANIC)
CAS Number:7439-92-1

Molecular Weight:207.2

Color: Gray

Ionization Potential (eV): NA

Vapor Density (Air=1):NA

Synonyms: Lead Metal; Plumbum

Physical State: Solid

Odor: Odorless

Henry’s Constant: NA

Vapor Pressure: 1.77
(mmHg@20C)

Fire Hazard
Flash Point(°F): NA
LEL(%): NA

NFPA rating: 1
HMIS rating: 1
UEL(%): NA

Reactivity Hazard

NFPA rating: 0
HMIS rating: 0

Health Hazard

Incompatibilities: Strong oxidizers; hydrogen
peroxide; acids

NFPA rating: 3
HMIS rating: 3
Carcinogenic:
OSHA:
Yes

Odor Threshold (ppm): NA

Not listed

IDLH (mg/m3): 100
Fire Extinguishing Media:
Dry Chemical
Foam
Water Spray
CO2
Fire Extinguisher:
Class A
Class C
Class A/B/C

TWA
(mg/m )

Source
Class B
Class D

STEL
3

IARC:

Group 1
Group 2B
Group 4

Group 2A
Group 3
Not listed

NTP:

Known
Process

Anticipated
Not listed

A1
A3
A5

A2
A4
Not listed

C
3

(mg/m )

(mg/m3)

OSHA PELs

0.05*

NA

NA

ACGIH TLVs

0.05

NA

NA

ACGIH:

*See 29 CFR 1910.1025

Signs/Symptoms of Acute Exposure: Weakness;
lassitude; insomnia; facial pallor; pale eyes; anorexia;
constipation; abdominal pain; colic; anemia; gingival
lead line; tremors; irritated eyes
DOT:

Flammable Liquid

DOT:

Combustible Liquid

DOT:

Oxidizer

Poison

Skin Absorbable:
Skin Corrosive:

DOT:

Yes
Yes

No
No

Corrosive

Water Reactive
Air Monitoring

Type
Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump

Brand/Model No.

MIE MiniRam
Gilian Pump/NIOSH#7082
Protective Clothing

Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Viton/North
Neoprene/Mapa
PVC/Ans.Ed.
Butyl/North
Tyvek QC

Viton/Best
Neoprene/Ans.Ed.
PVC/BestHustler
PVA/Ans.Ed.
Tyvek/Saranex
Tychem7500

Calibration Method/Media

Factory calib. w/ AZ road dust
Calibrate pump w/ media
Silvershield/North
Neoprene/BestUltraflex
Nitrile/LabSafe.
Other
Tychem 9400

4H/Safety
Neoprene/BestNeo.(30min)
Nitrile/Ans.Ed.
Tychem 10,000

Respiratory Protection
Air Purifying

Air Supplied Only

Notes: ACGIH TLV-TWA: 0.002 mg/m3 respirable fraction; Powder is pyrophoric.
Prepared by: Sherry Hall

Lead (Inorganic) - COCFS

Maximum Use Concentration (ppm): Half mask: HEPA
Date: 16 January 1997, Rev. 29 January 2002

Full face: HEPA

Other

COC FACT SHEET - DDT
CAS Number: 50-29-3

Molecular Weight: 354.5

Color: Colorless

Ionization Potential (eV): NA

Vapor Density (Air=1):NA

Synonyms: p,p-DDT;
Dichlorodiphynyltrichloroethane; 1,1,1Trichloro-2-2-bis(p-chlorophynyl)ethane

Physical State: Crystals or powder

Odor: Slight aromatic

Henry’s Constant: NA
{(atm ×m3)/mol}

Vapor Pressure: 0.0000002

Fire Hazard

NFPA rating: NA
HMIS rating: NA

Flash Point(°F): 162 - 171
LEL(%): NA
UEL(%): NA

Reactivity Hazard

NFPA rating: NA
HMIS rating: NA

Incompatibilities: Strong oxidizers; alkalis

Health Hazard

NFPA rating: NA
HMIS rating: NA

Odor Threshold (ppm): NA

Carcinogenic:
Yes
OSHA:

X Not listed

IDLH (mg/m3 ): 500

Fire Extinguisher:
Class A
Class C
Class A/B/C

Group 1

IARC:

Fire Extinguishing Media:
Dry Chemical
Foam
Water Spray
CO2

Group 2A
Group 3
Not listed

X Group 2B

Source
OSHA PELs

Class B
Class D

TWA

STEL

(mg/m3)
1

(mg/m3)
NA

ACGIH TLVs

1

NA

Group 4

C
(mg/m3)
NA
NA

NTP:

ACGIH:

Known
Process

X Anticipated

Not listed

A1

A2
A4
Not listed

X A3

A5

DOT:

DOT:

Flammable Gas
Combustible Liquid

Oxidizer

Signs/Symptoms of Acute Exposure: Irritation of eyes
& skin;parasthesia of tongue, lips, & face;
tremors;dizziness; confusion; headache; fatigue

Skin Absorbable:
Skin Corrosive:

DOT:

DOT:

Poison

X Yes

Yes

No
No

Corrosive

Water Reactive
Air Monitoring
Brand/Model No.

Type
Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump

Gastech GX-82
MiniRAE
Foxboro OVA
Drager
MIE MiniRAM
Gilian Pump/NIOSH#S274

Calibration Method/Media
Methane
Isobutylene
Methane
Check pump for leaks
Factory calibrated w/ AZ Road Dust
Calibrate pump w/ media

Protective Clothing
Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Viton/North
Viton/Best
Neoprene/Mapa
Neoprene/Ans.Ed.
PVC/Ans.Ed.
PVC/BestHustler
Butyl/North
PVA/Ans.Ed.
Tyvek QC
Tyvek/Saranex
Tychem7500

Silvershield/North
Neoprene/BestUltraflex
Nitrile/LabSafe.
Other
Tychem 9400
Tychem10,000

4H/Safety
Neoprene/BestNeo.
Nitrile/Ans.Ed.
Other

Respiratory Protection
Air Purifying
Notes:
Prepared by: Sherry Hall

GA980284- DDT

Air Supplied Only

Maximum Use Concentration (ppm): Half mask: PEST

Full face: PEST

Date: 27 February 1998, Rev. 28 January 2002

27 February 2002

COC FACT SHEET - METHANE
CAS Number:0074-82-8

Molecular Weight: 16

Color: Colorless

Ionization Potential (eV): 12.51

Vapor Density (Air=1):0.544 @ 32F

Synonyms: Fire damp; marsh gas; Methyl
hydride

Physical State: Gas

Odor: Odorless; Commercially,
mercaptans added produce rotten egg
odor

Henry’s Constant: NA

Vapor Pressure: NA
(mmHg@20C)

Fire Hazard

NFPA rating: 4
HMIS rating: 4

Reactivity Hazard

NFPA rating: 0
HMIS rating: 0

Health Hazard

Incompatibilities: Bromine pentafluoride;
chlorine;
chlorine
dioxide;
nitrogen
trifluoride; liquid oxygen; oxygen difluoride

Flash Point(°F): -213
LEL(%): 5
UEL(%): 15

Odor Threshold (ppm): NA

Source
Class B
Class D

Carcinogenic:
Yes
OSHA:

IDLH (ppm): NA

Fire Extinguishing Media: See Note
Dry Chemical
Foam
Water Spray
CO2
Fire Extinguisher:
Class A
Class C
Class A/B/C

NFPA rating: 1
HMIS rating: 1

TWA

STEL

C

(ppm)

(ppm)

(ppm)

OSHA PELs*

NA

NA

NA

ACGIH TLVs*

NA

NA

NA

IARC:

Group 1
Group 2B
Group 4

NTP:

Known
Process

ACGIH:

*Simple asphyxiant

DOT:

DOT:

Flammable Gas
Combustible Liquid

Oxidizer

Group 2A
Group 3
Not listed
Anticipated
Not listed

A1
A3
A5

Signs/Symptoms of Acute Exposure: Simple
asphyxiant; rapid respir.; air hunger; diminish. mental
alert.; impair. musc. coord.; faulty judge.; rapid fatigue;
emotion. instabil.; nausea; convul.; coma; death

Skin Absorbable:
Skin Corrosive:

DOT:

DOT:

Poison

Not listed

A2
A4
Not listed
Yes
Yes
(as liquid)

No
No

Corrosive

Water Reactive
Air Monitoring
Type

Brand/Model No.

Explosimeter
PID
FID
Colorometric Tubes
Chemical Monitor
Dust Monitor
Collection Medium/Sampling Pump

Calibration Method/Media
Methane
Isobutylene
Methane
Check pump for leaks

GasTech
MiniRAE
Foxboro OVA
Drager
Gilian Pump/NIOSH#

Calibrate pump w/ media
Protective Clothing

Glove Type/Brand (Breakthrough >2 hrs unless noted):

Suit Type (Breakthrough >1hr unless noted):

Tyvek

Viton/North
Neoprene/Mapa
PVC/Ans.Ed.
Butyl/North
Tyvek QC

Viton/Best
Neoprene/Ans.Ed.
PVC/BestHustler
PVA/Ans.Ed.
Tyvek/Saranex
Tychem7500

Silvershield/North
Neoprene/BestUltraflex
Nitrile/LabSafe.
Other
Tychem 9400

4H/Safety
Neoprene/BestNeo.(30min)
Nitrile/Ans.Ed.
Tychem 10,000

Maximum Use Concentration (ppm): Half mask: NA

Full face: NA

Respiratory Protection
Air Purifying
Notes: To treat fire, shut off source.
Prepared by: Sherry Hall

Methane - COCFS.doc

Air Supplied Only

Date: 23 June 1997, Rev. March 5, 2002

Other

Attachment E
Air Monitoring Equipment, Frequency of Readings, and Action Guidelines per Task


Applies to Task:






Oxygen Meter

Methane Meter
Brand/Model No.:
Monitoring Frequency:

GEM 2000+
Continuous

Source
Reading
(% LEL)
1 to 10

Action

Greater than 10

Stop work. Evacuate the area. If upon
return, if concentration still exceeds __%
LEL, ventilate until concentration is
back to <__% LEL.

Continue with caution.

Brand/Model No.:
Monitoring Frequency:

Brand/Model No.:
Monitoring Frequency:

Reading (%)

Action

Breathing
Zone
Reading (ppm)

Action

Greater than

Stop work. Evacuate the area.

0 to 5

Modified Level D PPE

5 to 50*

Level C PPE

Greater than 50

Stop work.
Evacuate the area.
Implement engineering controls.

Greater than 50 with
engineering controls.

If levels still exceed 50, proceed with
Level B PPE.

to

Continue to work with caution.

Less than

Stop work. Evacuate the area.
Implement engineering controls.

Less than
with
engineering controls.
Note:

Photoionization Detector

Re-enter with Level B PPE.

Note:

Note: Sustained in breathing zone; *Ceiling Level

Flame Ionization Detector
Brand/Model No.:
Monitoring Frequency:
Breathing
Zone
Reading (ppm)
to
to
Greater than

Note:

Attachment E

Action

Particulate Matter

Chemical Detector Tube
Brand/Model No.:
Monitoring Frequency:
Breathing
Zone
Reading (ppm)

Level D PPE

to

Level C PPE

to

Stop work. Evacuate the area. If upon
return, levels still exceed
, stop work
and implement engineering controls.

Greater than

Brand/Model No.:
Monitoring Frequency:

Action

Breathing
Zone
Reading (mg/m3)

Action

Level D PPE

to

Modified Level D PPE

Level C PPE

to

Level C PPE

Stop work. Evacuate the area.
upon return, levels still exceed

If

Greater than

Stop work. Evacuate the area and
, stop work and implement
implement
engineering
engineering
controls.
controls.

Greater than with
engineering controls
Note:

MultiRAE
Hourly/Continuous for Task 4

If upon return, levels still exceed 10,
implement additional engineering
controls.

Note:

13 January 2012

Attachment F
Personal Protective Equipment per Task
Potential PPE Level per Task: c

d

Modified D

Modified D

e

Modified D f

Modified D

Modified Level D
High Visibility Traffic Vest
Steel-toed boots
Hard hat
Safety glasses
Hearing protection*
Protective Gloves *

*

Optional as applicable
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Attachment G
Material Safety Data Sheets
Included in HASP

Chemical
Unleaded Gasoline
Diesel Fuel
Portland Cement
Alconox
Hydrochloric Acid
Nitric Acid
Isobutylene Calibration Gas
Methane Calibration Gas
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ALCONOX MSDS - ALCONOX MSDS - ALCONOX MSDS - ALCONOX MSDS

Alconox ®

Red
Fire

NFPA
Rating

0
Blue
Health

0

0

White
Special

MATERIAL SAFETY DATA SHEET

Yellow
Reactivity

Alconox, Inc.
30 Glenn Street. Suite 309
White Plains, NY 10603

24 Hour Emergency Number – Chem-Tel (800) 255-3924

I. IDENTIFICATION
Product Name (as appears on label)
CAS Registry Number:
Effective Date:
Chemical Family:
Manufacturer Catalog Numbers for sizes

ALCONOX
Not Applicable
January 1, 1999
Anionic Powdered Detergent
1104, 1125, 1150, 1101, 1103 and 1112

II. HAZARDOUS INGREDIENTS/IDENTITY INFORMATION
There are no hazardous ingredients in ALCONOX as defined by the OSHA Standard and Hazardous Substance List
29 CFR 1910 Subpart Z.
III. PHYSICAL/CHEMICAL CHARACTERISTICS
Boiling Point (F):
Not Applicable
Vapor Pressure (mm Hg):
Not Applicable
Vapor Density (AIR=1):
Not Applicable
Specific Gravity (Water=1):
Not Applicable
Melting Point:
Not Applicable
Evaporation Rate (Butyl Acetate=1): Not Applicable
Solubility in Water:
Appreciable-Soluble to 10% at ambient conditions
Appearance:
White powder interspersed with cream colored flakes.
IV. FIRE AND EXPLOSION DATA
Flash Point (Method Used): None
LEL: No Data
Flammable Limits:
UEL: No Data
Extinguishing Media:
Water, dry chemical, CO2, foam
Special Fire fighting
Self-contained positive pressure breathing apparatus and protective
Procedures:
clothing should be worn when fighting fires involving chemicals.
Unusual Fire and Explosion
None
Hazards:
V. REACTIVITY DATA
Stability:
Hazardous Polymerization:
Incompatibility (Materials to Avoid):
Hazardous Decomposition or Byproducts:

Stable
Will not occur
None
May release CO2 on burning

VI. HEALTH HAZARD DATA
Inhalation? Yes
Route(s) of Entry:
Skin? No
Ingestion? Yes
Inhalation of powder may prove locally irritating to mucous
Health Hazards (Acute
membranes. Ingestion may cause discomfort and/or diarrhea. Eye
and Chronic):
contact may prove irritating.
NTP? No
Carcinogenicity:
IARC Monographs? No
OSHA Regulated? No
Signs and Symptoms of
Exposure may irritate mucous membranes. May cause sneezing.
Exposure:
Medical Conditions
Not established. Unnecessary exposure to this product or any
Generally Aggravated industrial chemical should be avoided. Respiratory conditions may
by Exposure:
be aggravated by powder.
Eyes: Immediately flush eyes with water for at least 15 minutes.
Call a physician.
Emergency and First Skin: Flush with plenty of water.
Aid Procedures:
Ingestion: Drink large quantities of water or milk. Do not induce
vomiting. If vomiting occurs administer fluids. See a physician for
discomfort.
VII. PRECAUTIONS FOR SAFE HANDLING AND USE
Steps to be Taken if
Material foams profusely. Recover as much as possible and flush
Material is Released or
remainder to sewer. Material is biodegradable.
Spilled:
Small quantities may be disposed of in sewer. Large quantities
Waste Disposal Method: should be disposed of in accordance with local ordinances for
detergent products.
Precautions to be Taken
Material should be stored in a dry area to prevent caking.
in Storing and Handling:
No special requirements other than the good industrial hygiene and
Other Precautions:
safety practices employed with any industrial chemical.
VIII. CONTROL MEASURES
Respiratory Protection (Specify Type):

Dust mask - Recommended
Local Exhaust-Normal
Special-Not Required
Ventilation:
Mechanical-Not Required
Other-Not Required
Protective Gloves:
Impervious gloves are useful but not required.
Goggles are recommended when handling
Eye Protection:
solutions.
Other Protective Clothing or Equipment: None
Work/Hygienic Practices:
No special practices required

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH BUT NO WARRANTY IS EXPRESSED OR
IMPLIED.

Material Safety Data Sheet
Hydrochloric acid
MSDS# 94460
Section 1 - Chemical Product and Company Identification
MSDS Name:
Catalog
Numbers:
Synonyms:

Hydrochloric acid
SA5-5, SA50-1, SA50-20, SA50-4, SA52-20, SA52-500, SA54-1, SA54-10, SA54-20, SA54-4,
SA60-1, SA62-1
Chlorohydric acid; Hydrogen chloride; Muriatic acid; Spirits of salt; Hydrochloride.
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
201-796-7100
201-796-7100
800-424-9300

Company Identification:
For information in the US, call:
Emergency Number US:
CHEMTREC Phone Number, US:

Section 2 - Composition, Information on Ingredients
---------------------------------------Risk Phrases: 34 37
CAS#:
Chemical Name:
%:
EINECS#:
Hazard Symbols:

7647-01-0
Hydrochloric acid
<2.0
231-595-7
C

------------------------------------------------------------------------------Risk Phrases:
CAS#:
Chemical Name:
%:
EINECS#:
Hazard Symbols:
---------------------------------------Text for R-phrases: see Section 16
Hazard Symbols:
Risk Phrases:

7732-18-5
Water
>98
231-791-2

None listed
None listed
Section 3 - Hazards Identification

EMERGENCY OVERVIEW
Warning! May cause eye, skin, and respiratory tract irritation. Target Organs: No data found.
Potential Health Effects
Eye:
May cause eye irritation.
Skin:
May cause skin irritation.
Ingestion: May cause irritation of the digestive tract.
Inhalation: May cause respiratory tract irritation. Exposure to the mist and vapor may erode exposed teeth.
Prolonged or repeated skin contact may cause dermatitis. Repeated exposure may cause erosion of teeth.
Chronic: Repeated exposure to low concentrations of HCl vapor or mist may cause bleeding of nose and gums. Chronic
bronchitis and gastritis have also been reported.
Section 4 - First Aid Measures

Eyes:
Skin:
Ingestion:
Inhalation:
Notes to
Physician:

In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Get medical aid.
In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. Get medical aid immediately. Wash clothing before reuse.
If swallowed, do NOT induce vomiting. Get medical aid immediately. If victim is fully conscious, give a
cupful of water. Never give anything by mouth to an unconscious person.
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen.
Get medical aid.
Treat symptomatically and supportively.
Section 5 - Fire Fighting Measures

General
Information:

As in any fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved
or equivalent), and full protective gear. Not flammable, but reacts with most metals to form flammable
hydrogen gas. Use water spray to keep fire-exposed containers cool. Containers may explode when
heated.

Extinguishing
Substance is nonflammable; use agent most appropriate to extinguish surrounding fire.
Media:
Autoignition
Not applicable.
Temperature:
Flash Point: Not applicable.
Explosion Limits:
Not available
Lower:
Explosion Limits:
Not available
Upper:
NFPA Rating: health: 1; flammability: 0; instability: 1;
Section 6 - Accidental Release Measures
General
Information:

Use proper personal protective equipment as indicated in Section 8.

Spills/Leaks:

Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills immediately, observing
precautions in the Protective Equipment section. Provide ventilation. Cover with dry earth, dry sand, or
other non-combustible material followed with plastic sheet to minimize spreading and contact with water.
Section 7 - Handling and Storage

Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Use only in a wellHandling: ventilated area. Avoid contact with eyes, skin, and clothing. Keep container tightly closed. Avoid ingestion and
inhalation. Discard contaminated shoes.
Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible substances.
Storage:
Do not store in metal containers. Store away from alkalies.
Section 8 - Exposure Controls, Personal Protection
+-------------------- +------------------- +------------------- +----------------- +
|
Chemical Name
|
ACGIH
|
NIOSH
|OSHA - Final PELs|
|-------------------- |------------------- |------------------- |----------------- |
| Hydrochloric acid |2 ppm Ceiling
| 50 ppm IDLH
|5 ppm Ceiling; 7 |
|
|
|
|mg/m3 Ceiling
|
|-------------------- |------------------- |------------------- |----------------- |
| Water
|none listed
|none listed
|none listed
|
+-------------------- +------------------- +------------------- +----------------- +

OSHA Vacated PELs: Hydrochloric acid: None listed Water: None listed
Engineering Controls:
Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety shower. Use
adequate general or local exhaust ventilation to keep airborne concentrations below the permissible exposure
limits.
Exposure Limits
Personal Protective Equipment
Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face
Eyes:
protection regulations in 29 CFR 1910.133 or European Standard EN166.

Skin:
Clothing:

Wear neoprene or polyvinyl chloride gloves to prevent exposure.
Wear appropriate protective clothing to prevent skin exposure.
A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements or
Respirators:
European Standard EN 149 must be followed whenever workplace conditions warrant respirator use.
Section 9 - Physical and Chemical Properties
Physical State: Clear liquid
Color: colorless to slight yellow
Odor: Not available
pH: 0.10 (1.0N soln)
Vapor Pressure: Not available
Vapor Density: Not available
Evaporation Rate: Not available
Viscosity: Not available
Boiling Point: Not available
Freezing/Melting Point: Not available
Decomposition Temperature: Not available
Solubility in water: Soluble
Specific Gravity/Density: Not available.
Molecular Formula: HCl
Molecular Weight: 36.46
Section 10 - Stability and Reactivity
Chemical Stability:
Conditions to Avoid:
Incompatibilities with Other Materials
Hazardous Decomposition Products
Hazardous Polymerization

Stable under normal temperatures and pressures.
Excess heat.
Bases.
Hydrogen chloride.
Will not occur.
Section 11 - Toxicological Information

RTECS#:

LD50/LC50:

Carcinogenicity:
Other:

CAS# 7647-01-0: MW4025000 MW4031000
CAS# 7732-18-5: ZC0110000
RTECS:
CAS# 7647-01-0: Inhalation, mouse: LC50 = 1108 ppm/1H;
Inhalation, mouse: LC50 = 20487 mg/m3/5M;
Inhalation, mouse: LC50 = 3940 mg/m3/30M;
Inhalation, mouse: LC50 = 8300 mg/m3/30M;
Inhalation, rat: LC50 = 3124 ppm/1H;
Inhalation, rat: LC50 = 60938 mg/m3/5M;
Inhalation, rat: LC50 = 7004 mg/m3/30M;
Inhalation, rat: LC50 = 45000 mg/m3/5M;
Inhalation, rat: LC50 = 8300 mg/m3/30M;
Oral, rabbit: LD50 = 900 mg/kg;
.
RTECS:
CAS# 7732-18-5: Oral, rat: LD50 = >90 mL/kg;
.
Hydrochloric acid - IARC: Group 3 (not classifiable)
Water - Not listed as a carcinogen by ACGIH, IARC, NTP, or CA Prop 65.
Rinsed with water test: Administration into the eye (rabbit) = 5 mg/30sec (Mild).
Section 12 - Ecological Information

Ecotoxicity:

Fish: Bluegill/Sunfish: 3.6 mg/L; 48 Hr; Lethal (unspecified)
Fish: Bluegill/Sunfish: LD50; 96 Hr; pH 3.0-3.5
Section 13 - Disposal Considerations

Dispose of in a manner consistent with federal, state, and local regulations.
Section 14 - Transport Information
US DOT
Shipping Name: HYDROCHLORIC ACID
Hazard Class: 8
UN Number: UN1789
Packing Group: II
Canada TDG
Shipping Name: Not regulated as a hazardous material
Hazard Class:
UN Number:
Packing Group:
USA RQ: CAS# 7647-01-0: 5000 lb final RQ; 2270 kg final RQ
Section 15 - Regulatory Information
European/International Regulations
European Labeling in Accordance with EC Directives
Hazard Symbols:Not available
Risk Phrases:
Safety Phrases:
S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)
CAS# 7647-01-0: 1
CAS# 7732-18-5: Not available
Canada
CAS# 7647-01-0 is listed on Canada's DSL List
CAS# 7732-18-5 is listed on Canada's DSL List
Canadian WHMIS Classifications: Not controlled.
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations
and the MSDS contains all of the information required by those regulations.
CAS# 7647-01-0 is listed on Canada's Ingredient Disclosure List
CAS# 7732-18-5 is not listed on Canada's Ingredient Disclosure List.
US Federal
TSCA
CAS# 7647-01-0 is listed on the TSCA
Inventory.
CAS# 7732-18-5 is listed on the TSCA
Inventory.
Section 16 - Other Information
MSDS Creation Date: 12/19/2007
Revision #2 Date 7/20/2009
The information above is believed to be accurate and represents the best information currently available
to us. However, we make no warranty of merchantibility or any other warranty, express or implied,
with respect to such information, and we assume no liability resulting from its use. Users should make
their own investigations to determine the suitability of the information for their particular purposes. In no
event shall the company be liable for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential, or exemplary damages howsoever arising, even if the
company has been advised of the possibility of such damages.

SIGMA-ALDRICH
Material Safety Data Sheet
Version 3.0
Revision Date 05/12/2009
Print Date 06/23/2009

1. PRODUCT AND COMPANY IDENTIFICATION
Product name

:

Nitric acid

Product Number
Brand

:
:

258121
Sigma-Aldrich

Company

:

Telephone
Fax
Emergency Phone #

:
:
:

Sigma-Aldrich
3050 Spruce Street
SAINT LOUIS MO 63103
USA
+1 800-325-5832
+1 800-325-5052
(314) 776-6555

2. COMPOSITION/INFORMATION ON INGREDIENTS
Formula

:

HNO3

CAS-No.

EC-No.

Index-No.

Concentration

Nitric acid
7697-37-2

231-714-2

007-004-00-1

>= 90 %

Water
7732-18-5

231-791-2

-

<= 10 %

3. HAZARDS IDENTIFICATION
Emergency Overview
OSHA Hazards
Target Organ Effect, Corrosive
Target Organs
Lungs, Teeth., Cardiovascular system.
HMIS Classification
Health Hazard:
Chronic Health Hazard:
Flammability:
Physical hazards:

3
*
0
0

NFPA Rating
Health Hazard:
Fire:
Reactivity Hazard:
Special hazard.:

3
0
3
OX

Potential Health Effects
Sigma-Aldrich - 258121

Sigma-Aldrich Corporation
www.sigma-aldrich.com
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Inhalation
Skin
Eyes
Ingestion

May be harmful if inhaled. Material is extremely destructive to the tissue of the
mucous membranes and upper respiratory tract.
May be harmful if absorbed through skin. Causes skin burns.
Causes eye burns.
May be harmful if swallowed. Causes burns.

4. FIRST AID MEASURES
General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.Move out of dangerous area.
If inhaled
If breathed in, move person into fresh air. If not breathing give artificial respiration Consult a physician.
In case of skin contact
Take off contaminated clothing and shoes immediately. Wash off with soap and plenty of water. Consult a physician.
In case of eye contact
Continue rinsing eyes during transport to hospital.Rinse thoroughly with plenty of water for at least 15 minutes and
consult a physician.
If swallowed
Do NOT induce vomiting. Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult
a physician.
5. FIRE-FIGHTING MEASURES
Flammable properties
Flash point

no data available

Ignition temperature
no data available
Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.
Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary.
Further information
Use water spray to cool unopened containers.
6. ACCIDENTAL RELEASE MEASURES
Personal precautions
Use personal protective equipment. Avoid breathing vapors, mist or gas. Ensure adequate ventilation. Evacuate
personnel to safe areas.
Environmental precautions
Do not let product enter drains.
Methods for cleaning up
Contain spillage, and then collect with non-combustible absorbent material, (e.g. sand, earth, diatomaceous earth,
vermiculite) and place in container for disposal according to local / national regulations (see section 13).
7. HANDLING AND STORAGE
Handling
Avoid inhalation of vapour or mist.
Keep away from sources of ignition - No smoking. Keep away from combustible material.
Storage
Keep container tightly closed in a dry and well-ventilated place. Containers which are opened must be carefully
resealed and kept upright to prevent leakage.
Sigma-Aldrich - 258121

Sigma-Aldrich Corporation
www.sigma-aldrich.com
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION
Components with workplace control parameters

Components

CAS-No.

Value

Nitric acid

7697-37-2

TWA

Remarks

Eye & Upper Respiratory Tract irritation Dental erosion
STEL

Control
parameters
2 ppm

4 ppm

Update

Basis

2007-01-01

USA. ACGIH Threshold
Limit Values (TLV)

2007-01-01

USA. ACGIH Threshold
Limit Values (TLV)

Eye & Upper Respiratory Tract irritation Dental erosion
TWA

2 ppm
5 mg/m3

1989-01-19

USA. OSHA - TABLE Z-1
Limits for Air Contaminants
- 1910.1000

STEL

4 ppm
10 mg/m3

1989-01-19

USA. OSHA - TABLE Z-1
Limits for Air Contaminants
- 1910.1000

TWA

2 ppm
5 mg/m3

1997-08-04

USA. Occupational
Exposure Limits (OSHA) Table Z-1 Limits for Air
Contaminants

The value in mg/m3 is approximate.
Personal protective equipment
Respiratory protection
Where risk assessment shows air-purifying respirators are appropriate use a full-face respirator with multipurpose combination (US) or type ABEK (EN 14387) respirator cartridges as a backup to engineering controls. If
the respirator is the sole means of protection, use a full-face supplied air respirator. Use respirators and
components tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).
Hand protection
Handle with gloves.
Eye protection
Safety glasses
Skin and body protection
Choose body protection according to the amount and concentration of the dangerous substance at the work
place.
Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end
of workday.

Sigma-Aldrich - 258121

Sigma-Aldrich Corporation
www.sigma-aldrich.com
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9. PHYSICAL AND CHEMICAL PROPERTIES
Appearance
Form

liquid

Colour

colourless

Safety data
pH

< 1 at 20 °C (68 °F)

Melting point

no data available

Boiling point

100 °C (212 °F) at 1,013 hPa (760 mmHg)

Flash point

no data available

Ignition temperature

no data available

Lower explosion limit

no data available

Upper explosion limit

no data available

Vapour pressure

11 hPa (8 mmHg) at 20 °C (68 °F)

Density

1.4 g/cm3

Water solubility

completely soluble

10. STABILITY AND REACTIVITY
Storage stability
Stable under recommended storage conditions. Stable under recommended storage conditions.
Conditions to avoid
May discolor on exposure to air and light.
Materials to avoid
Alkali metals, Organic materials, Acetic anhydride, Acetonitrile, Alcohols, Acrylonitrile
Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - nitrogen oxides (NOx)

11. TOXICOLOGICAL INFORMATION
Acute toxicity
no data available
Irritation and corrosion
Skin - rabbit - Extremely corrosive and destructive to tissue. - Draize Test
Sensitisation
no data available
Chronic exposure
IARC:

No component of this product present at levels greater than or equal to 0.1% is identified as
probable, possible or confirmed human carcinogen by IARC.

ACGIH:

No component of this product present at levels greater than or equal to 0.1% is identified as
a carcinogen or potential carcinogen by ACGIH.

NTP:

No component of this product present at levels greater than or equal to 0.1% is identified as

Sigma-Aldrich - 258121

Sigma-Aldrich Corporation
www.sigma-aldrich.com
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a known or anticipated carcinogen by NTP.
OSHA:

No component of this product present at levels greater than or equal to 0.1% is identified as
a carcinogen or potential carcinogen by OSHA.

Developmental Toxicity - rat - Oral
Effects on Embryo or Fetus: Fetotoxicity (except death, e.g., stunted fetus).
Reproductive toxicity - rat - Oral
Effects on Newborn: Biochemical and metabolic.
Signs and Symptoms of Exposure
burning sensation, Cough, wheezing, laryngitis, Shortness of breath, spasm, inflammation and edema of the larynx,
spasm, inflammation and edema of the bronchi, pneumonitis, pulmonary edema, Material is extremely destructive to
tissue of the mucous membranes and upper respiratory tract, eyes, and skin.
Potential Health Effects
Inhalation
Skin
Eyes
Ingestion
Target Organs

May be harmful if inhaled. Material is extremely destructive to the tissue of the
mucous membranes and upper respiratory tract.
May be harmful if absorbed through skin. Causes skin burns.
Causes eye burns.
May be harmful if swallowed. Causes burns.
Lungs, Teeth., Cardiovascular system.,

12. ECOLOGICAL INFORMATION
Elimination information (persistence and degradability)
no data available
Ecotoxicity effects
Toxicity to fish

LC50 - Asterias rubens - 100 - 330 mg/l - 48 h

Further information on ecology
May be harmful to aquatic organisms due to the shift of the pH.
13. DISPOSAL CONSIDERATIONS
Product
Observe all federal, state, and local environmental regulations. Contact a licensed professional waste disposal
service to dispose of this material. Dissolve or mix the material with a combustible solvent and burn in a chemical
incinerator equipped with an afterburner and scrubber.
Contaminated packaging
Dispose of as unused product.
14. TRANSPORT INFORMATION
DOT (US)
UN-Number: 2031 Class: 8 (5.1)
Proper shipping name: Nitric acid
Marine pollutant: No
Poison Inhalation Hazard: No
IMDG
UN-Number: 2031 Class: 8 (5.1)
Proper shipping name: NITRIC ACID
Marine pollutant: No
Sigma-Aldrich - 258121

Packing group: I

Packing group: I

Sigma-Aldrich Corporation
www.sigma-aldrich.com

EMS-No: F-A, S-Q
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IATA
UN-Number: 2031 Class: 8 (5.1)
Packing group: I
Proper shipping name: Nitric acid
IATA Passenger: Not permitted for transport
15. REGULATORY INFORMATION
OSHA Hazards
Target Organ Effect, Corrosive
DSL Status
All components of this product are on the Canadian DSL list.
SARA 302 Components
Nitric acid

CAS-No.
7697-37-2

Revision Date
2007-07-01

CAS-No.
7697-37-2

Revision Date
2007-07-01

CAS-No.
7697-37-2

Revision Date
2007-07-01

CAS-No.
7732-18-5
7697-37-2

Revision Date

CAS-No.
7732-18-5
7697-37-2

Revision Date

SARA 313 Components
Nitric acid
SARA 311/312 Hazards
Acute Health Hazard, Chronic Health Hazard
Massachusetts Right To Know Components
Nitric acid
Pennsylvania Right To Know Components
Water
Nitric acid

2007-07-01

New Jersey Right To Know Components
Water
Nitric acid

2007-07-01

California Prop. 65 Components
This product does not contain any chemicals known to State of California to cause cancer, birth, or any other
reproductive defects.
16. OTHER INFORMATION
Further information
Copyright 2009 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.
The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with
the above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.

Sigma-Aldrich - 258121

Sigma-Aldrich Corporation
www.sigma-aldrich.com
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MATERIAL SAFETY
DATA SHEET
Prepared to U.S. OSHA, CMA, ANSI and Canadian WHMIS Standards

1. PRODUCT IDENTIFICATION

CHEMICAL NAME; CLASS:

NON-FLAMMABLE GAS MIXTURE

Containing One or More of the Following Components in a Nitrogen Balance Gas:
Oxygen 0-23.5%; Isobutylene, 0.0005-0.9%
SYNONYMS: Not Applicable
CHEMICAL FAMILY NAME: Not Applicable
FORMULA: Not Applicable
Document Number: 50054
Note: The Material Safety Data Sheet is for this gas mixture supplied in cylinders with 33 cubic feet (935 liters) or less gas capacity (DOT - 39 cylinders). This
MSDS has been developed for various gas mixtures with the composition of components within the ranges listed in Section 2 (Composition and Information on
Ingredients). Refer to the product label for information on the actual composition of the product.

PRODUCT USE:

Calibration
Equipment

SUPPLIER/MANUFACTURER'S NAME:
ADDRESS:

AIR LIQUIDE AMERICA CORPORATION
821 Chesapeake Drive
Cambridge, MD 21613

EMERGENCY PHONE:

CHEMTREC: 1-800-424-9300

BUSINESS PHONE:

of

Monitoring

and

Research

1-410-228-6400
General MSDS Information 1-713/868-0440
Fax on Demand:
1-800/231-1366

2. COMPOSITION and INFORMATION ON INGREDIENTS
CHEMICAL NAME

CAS #

mole %

EXPOSURE LIMITS IN AIR
ACGIH
TLV
ppm

Oxygen

7782-44-7

0 - 23.5%

Isobutylene

115-11-7

0.0005 - 0.9%

Nitrogen

7727-37-9

Balance

NE = Not Established.

C = Ceiling Limit.

OSHA
STEL
ppm

PEL
ppm

STEL
ppm

IDLH
ppm

OTHER

There are no specific exposure limits for Oxygen.
There are no specific exposure limits for Isobutylene.
There are no specific exposure limits for Nitrogen. Nitrogen is a simple
asphyxiant (SA). Oxygen levels should be maintained above 19.5%.
See Section 16 for Definitions of Terms Used.

NOTE : All WHMIS required information is included. It is located in appropriate sections based on the ANSI Z400.1-1993 format.

NON-FLAMMABLE GAS MIXTURE MSDS - 50054

EFFECTIVE DATE: November 12, 2002
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3. HAZARD IDENTIFICATION
EMERGENCY OVERVIEW: This product is a colorless, odorless gas. Releases of this product may produce
oxygen-deficient atmospheres (especially in confined spaces or other poorly-ventilated environments);
individuals in such atmospheres may be asphyxiated. Isobutylene, a component of this gas mixture, may
cause drowsiness and other central nervous system effects in high concentrations; however, due to its low
concentration in this gas mixture, this is unlikely to occur.
SYMPTOMS OF OVER-EXPOSURE BY ROUTE OF
EXPOSURE: The most significant route of over-exposure for this
product is by inhalation.
INHALATION: Due to the small size of an individual cylinder of
this product, no unusual health effects from over-exposure to the
product are anticipated under routine circumstances of use. The
chief health hazard associated with this gas mixture is when this
product contains less than 19.5% Oxygen and is released in a
small, poorly-ventilated area (i.e. an enclosed or confined
space).
Under this circumstance, an oxygen-deficient
environment may occur.
Individuals breathing such an
atmosphere may experience symptoms which include
headaches,
ringing
in
ears,
dizziness,
drowsiness,
unconsciousness, nausea, vomiting, and depression of all the
senses. Under some circumstances of over-exposure, death
may occur. The effects associated with various levels of oxygen
are as follows:

HAZARDOUS MATERIAL INFORMATION
SYSTEM

HEALTH
FLAMMABILITY
REACTIVITY

1

(BLUE)

(RED)

0

(YELLOW)

0

PROTECTIVE EQUIPMENT B

EYES
HANDS
CONCENTRATION OF OXYGEN
OBSERVED EFFECT
RESPIRATORY
12-16% Oxygen:
Breathing and pulse rate
increase,
muscular
coorSee Section 8
dination slightly disturbed.
10-14% Oxygen:
Emotional upset, abnormal
For routine industrial applications
fatigue, disturbed respiration.
6-10% Oxygen:
Nausea, vomiting, collapse, or
loss of consciousness.
Below 6%:
Convulsive movements, possible respiratory collapse, and death.

BODY

HEALTH EFFECTS OR RISKS FROM EXPOSURE: An Explanation in Lay Terms. Over-exposure to this gas
mixture may cause the following health effects:
ACUTE: Due to the small size of the individual cylinder of this product, no unusual health effects from exposure
to the product are anticipated under routine circumstances of use. The most significant hazard associated with
this gas mixture when it contains less than 19.5% oxygen is the potential for exposure to oxygen-deficient
atmospheres. Symptoms of oxygen deficiency include respiratory difficulty, ringing in ears, headaches, shortness
of breath, wheezing, headache, dizziness, indigestion, nausea, unconsciousness, and death. The skin of a victim
of over-exposure may have a blue color. Additionally, Isobutylene, a component of this gas mixture, may cause
drowsiness or central nervous system effects in high concentrations; however, due to its low concentration in this
gas mixture, this is unlikely to occur.
CHRONIC: There are currently no known adverse health effects associated with chronic exposure to this gas
mixture.
TARGET ORGANS: Respiratory system.

4. FIRST-AID MEASURES
RESCUERS SHOULD NOT ATTEMPT TO RETRIEVE VICTIMS OF EXPOSURE TO THIS
PRODUCT WITHOUT ADEQUATE PERSONAL PROTECTIVE EQUIPMENT. At a minimum, SelfContained Breathing Apparatus must be worn.
No unusual health effects are anticipated after exposure to this product, due to the small cylinder size. If any
adverse symptom develops after over-exposure to this product, remove victim(s) to fresh air as quickly as
possible. Only trained personnel should administer supplemental oxygen and/or cardio-pulmonary resuscitation
if necessary.

NON-FLAMMABLE GAS MIXTURE MSDS - 50054
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4. FIRST-AID MEASURES (Continued)
Victim(s) who experience any adverse effect after over-exposure to this product must be taken for medical
attention. Rescuers should be taken for medical attention if necessary. Take a copy of the label and the MSDS
to physician or other health professional with victim(s).

5. FIRE-FIGHTING MEASURES
FLASH POINT, (method): Not applicable.

NFPA RATING

AUTOIGNITION TEMPERATURE: Not applicable.

FLAMMABILITY

FLAMMABLE LIMITS (in air by volume, %):
Lower (LEL): Not applicable.
Upper (UEL): Not applicable.

0

FIRE EXTINGUISHING MATERIALS:
Non-flammable gas
mixture. Use extinguishing media appropriate for surrounding fire.

HEALTH

0

1

UNUSUAL FIRE AND EXPLOSION HAZARDS: This gas mixture
is not flammable; however, containers, when involved in fire, may
rupture or burst in the heat of the fire.

REACTIVITY

OTHER

Explosion Sensitivity to Mechanical Impact: Not sensitive.
Explosion Sensitivity to Static Discharge: Not sensitive.
SPECIAL FIRE-FIGHTING PROCEDURES:
Apparatus and full protective equipment.

Structural firefighters must wear Self-Contained Breathing

6. ACCIDENTAL RELEASE MEASURES
LEAK RESPONSE: Due to the small size and content of the cylinder, an accidental release of this product
presents significantly less risk of an oxygen deficient environment and other safety hazards than a similar
release from a larger cylinder. However, as with any chemical release, extreme caution must be used during
emergency response procedures. In the event of a release in which the atmosphere is unknown, and in which
other chemicals are potentially involved, evacuate immediate area. Such releases should be responded to by
trained personnel using pre-planned procedures. Proper protective equipment should be used. In case of a leak,
clear the affected area, protect people, and respond with trained personnel.
Allow the gas mixture to dissipate. If necessary, monitor the surrounding area (and the original area of the
release) for oxygen. Oxygen levels must be above 19.5% before non-emergency personnel are allowed to reenter area.
If leaking incidentally from the cylinder, contact your supplier.

7. HANDLING and USE
WORK PRACTICES AND HYGIENE PRACTICES: Be aware of any signs of dizziness or fatigue, especially if
work is done in a poorly-ventilated area; exposures to fatal concentrations of this product could occur without any
significant warning symptoms, due to oxygen deficiency. Do not attempt to repair, adjust, or in any other way
modify cylinders containing this gas mixture. If there is a malfunction or another type of operational problem,
contact nearest distributor immediately.
STORAGE AND HANDLING PRACTICES: Cylinders should be firmly secured to prevent falling or being
knocked-over. Cylinders must be protected from the environment, and preferably kept at room temperature
(approximately 21°C; 70°F). Cylinders should be stored in dry, well-ventilated areas, away from sources of heat,
ignition, and direct sunlight. Protect cylinders against physical damage.
Full and empty cylinders should be segregated. Use a first-in, first-out inventory system to prevent full
containers from being stored for long periods of time. These cylinders are not refillable. WARNING! Do not
refill DOT 39 cylinders. To do so may cause personal injury or property damage.
SPECIAL PRECAUTIONS FOR HANDLING GAS CYLINDERS: WARNING! Compressed gases can present
significant safety hazards. During cylinder use, use equipment designed for these specific cylinders. Ensure all
lines and equipment are rated for proper service pressure.
PROTECTIVE PRACTICES DURING MAINTENANCE OF CONTAMINATED EQUIPMENT: Follow practices
indicated in Section 6 (Accidental Release Measures). Make certain that application equipment is locked and
tagged-out safely. Always use product in areas where adequate ventilation is provided.
NON-FLAMMABLE GAS MIXTURE MSDS - 50054
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8. EXPOSURE CONTROLS - PERSONAL PROTECTION
VENTILATION AND ENGINEERING CONTROLS: No special ventilation systems or engineering controls are
needed under normal circumstances of use. As with all chemicals, use this product in well-ventilated areas. If
this product is used in a poorly-ventilated area, install automatic monitoring equipment to detect the levels of
oxygen.
RESPIRATORY PROTECTION: No special respiratory protection is required under normal circumstances of
use. Use supplied air respiratory protection if oxygen levels are below 19.5% or unknown during emergency
response to a release of this product. If respiratory protection is required for emergency response to this product,
follow the requirements of the Federal OSHA Respiratory Protection Standard (29 CFR 1910.134) or equivalent
State standards.
EYE PROTECTION: Safety glasses.
HAND PROTECTION: No special protection is needed under normal circumstances of use.
BODY PROTECTION: No special protection is needed under normal circumstances of use.

9. PHYSICAL and CHEMICAL PROPERTIES
Unless otherwise specified, the following information is for Nitrogen, the main component of this gas
mixture.
3
3
GAS DENSITY @ 32°F (0°C) and 1 atm: 0.072 lbs/ ft (1.153 kg/m )
BOILING POINT: -195.8°C (-320.4 °F)
FREEZING/MELTING POINT @ 10 psig -210°C (-345.8°F)
SPECIFIC GRAVITY (air = 1) @ 70°F (21.1°C): 0.906
pH: Not applicable.
SOLUBILITY IN WATER vol/vol @ 32°F (0°C) and 1 atm: 0.023
MOLECULAR WEIGHT: 28.01
EVAPORATION RATE (nBuAc = 1): Not applicable.
EXPANSION RATIO: Not applicable.
3
ODOR THRESHOLD: Not applicable.
SPECIFIC VOLUME (ft /lb): 13.8
VAPOR PRESSURE @ 70°F (21.1°C) psig: Not applicable.
COEFFICIENT WATER/OIL DISTRIBUTION: Not applicable.

The following information is for this gas mixture.
APPEARANCE AND COLOR: This product is a colorless, odorless gas.
HOW TO DETECT THIS SUBSTANCE (warning properties): There are no unusual warning properties
associated with a release of this product.

10. STABILITY and REACTIVITY
STABILITY: Normally stable in gaseous state.
DECOMPOSITION PRODUCTS: The thermal decomposition products of Isobutylene include carbon oxides.
The other components of this gas mixture do not decompose, per se, but can react with other compounds in the
heat of a fire.
MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE: Titanium will burn in Nitrogen (the main
component of this product). Lithium reacts slowly with Nitrogen at ambient temperatures. A component of this
product (Isobutylene) are also incompatible with strong oxidizers (i.e. chlorine, bromine pentafluoride, oxygen
difluoride, and nitrogen trifluoride).
HAZARDOUS POLYMERIZATION: Will not occur.
CONDITIONS TO AVOID: Contact with incompatible materials. Cylinders exposed to high temperatures or
direct flame can rupture or burst.

11. TOXICOLOGICAL INFORMATION
TOXICITY DATA: The following toxicology data are available for the components of this product:
NITROGEN: There are no specific toxicology data for Nitrogen.
Nitrogen is a simple asphyxiant, which acts to displace oxygen in the
environment.

ISOBUTYLENE:
LC50 (inhalation, rat) = 620,000 mg/kg/4 hours
LC50 (inhalation, mouse) = 415,000 mg/kg
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11. TOXICOLOGICAL INFORMATION (Continued)
SUSPECTED CANCER AGENT: The components of this gas mixture are not found on the following lists:
FEDERAL OSHA Z LIST, NTP, CAL/OSHA, and IARC; therefore, they are not considered to be, nor suspected to
be, cancer-causing agents by these agencies.
IRRITANCY OF PRODUCT: Not applicable.
SENSITIZATION TO THE PRODUCT: This gas mixture is not known to cause sensitization in humans.
REPRODUCTIVE TOXICITY INFORMATION: Listed below is information concerning the effects of this product
and its components on the human reproductive system.
Mutagenicity: No mutagenicity effects have been described for this gas mixture.
Embryotoxcity: No embryotoxic effects have been described for this gas mixture.
Teratogenicity: No teratogenicity effects have been described for this gas mixture.
Reproductive Toxicity: No reproductive toxicity effects have been described for gas mixture.
A mutagen is a chemical which causes permanent changes to genetic material (DNA) such that the changes will
propagate through generation lines. An embryotoxin is a chemical which causes damage to a developing embryo
(i.e. within the first eight weeks of pregnancy in humans), but the damage does not propagate across
generational lines. A teratogen is a chemical which causes damage to a developing fetus, but the damage does
not propagate across generational lines. A reproductive toxin is any substance which interferes in any way with
the reproductive process.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Acute or chronic respiratory conditions may be
aggravated by over-exposure to the components of this product.
RECOMMENDATIONS TO PHYSICIANS:
exposure.

Administer oxygen, if necessary; treat symptoms; eliminate

BIOLOGICAL EXPOSURE INDICES (BEIs): Currently, Biological Exposure Indices (BEIs) are not applicable
for the components of this gas mixture.

12. ECOLOGICAL INFORMATION
ENVIRONMENTAL STABILITY: The components of this gas mixture occur naturally in the atmosphere. The
gas will be dissipated rapidly in well-ventilated areas. The following environmental data are applicable to the
components of this product.
OXYGEN: Water Solubility = 1 volume Oxygen/32 volumes water at 20°C. Log Kow = -0.65
NITROGEN: Water Solubility = 2.4 volumes Nitrogen/100 volumes water at 0°C. 1.6 volumes Nitrogen/100 volumes water at 20°C.

EFFECT OF MATERIAL ON PLANTS or ANIMALS: No evidence is currently available on this product’s effects
on plant and animal life.
EFFECT OF CHEMICAL ON AQUATIC LIFE: No evidence is currently available on this product’s effects on
aquatic life.

13. DISPOSAL CONSIDERATIONS
PREPARING WASTES FOR DISPOSAL PREPARING WASTES FOR DISPOSAL: Waste disposal must be in
accordance with appropriate Federal, State, and local regulations. Cylinders with undesired residual product may
be safely vented outdoors with the proper regulator. For further information, refer to Section 16 (Other
Information).

14. TRANSPORTATION INFORMATION
THIS MATERIAL IS HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF
TRANSPORTATION.
PROPER SHIPPING NAME:
Compressed gases, n.o.s. (Nitrogen, Oxygen)
HAZARD CLASS NUMBER and DESCRIPTION: 2.2 (Non-Flammable Gas)
UN IDENTIFICATION NUMBER:
UN 1956
PACKING GROUP:
Not applicable.
DOT LABEL(S) REQUIRED:
Non-Flammable Gas
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (1996): 126
MARINE POLLUTANT: The components of this gas mixture are not classified by the DOT as Marine Pollutants
(as defined by 49 CFR 172.101, Appendix B).
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14. TRANSPORTATION INFORMATION (Continued)
SPECIAL SHIPPING INFORMATION: Cylinders should be transported in a secure position, in a well-ventilated
vehicle. The transportation of compressed gas cylinders in automobiles or in closed-body vehicles can present
serious safety hazards. If transporting these cylinders in vehicles, ensure these cylinders are not exposed to
extremely high temperatures (as may occur in an enclosed vehicle on a hot day). Additionally, the vehicle
should be well-ventilated during transportation.
Note: DOT 39 Cylinders ship in a strong outer carton (overpack). Pertinent shipping information goes on the
outside of the overpack. DOT 39 Cylinders do not have transportation information on the cylinder itself.
TRANSPORT CANADA TRANSPORTATION OF DANGEROUS GOODS REGULATIONS: THIS MATERIAL IS
CONSIDERED AS DANGEROUS GOODS. Use the above information for the preparation of Canadian
Shipments.

15. REGULATORY INFORMATION
SARA REPORTING REQUIREMENTS: This product is subject to the reporting requirements of Sections 302,
304, and 313 of Title III of the Superfund Amendments and Reauthorization Act, as follows:
COMPONENT

SARA 302

SARA 304

SARA 313

NO
NO
NO

NO
NO
NO

NO
NO
NO

Oxygen
Nitrogen
Isobutylene

SARA THRESHOLD PLANNING QUANTITY: Not applicable.
TSCA INVENTORY STATUS: The components of this gas mixture are listed on the TSCA Inventory.
CERCLA REPORTABLE QUANTITY (RQ): Not applicable.
OTHER U.S. FEDERAL REGULATIONS:
• No component of this product is subject to the requirements of CFR 29 1910.1000 (under the 1989 PELs).
• Isobutylene is subject to the reporting requirements of Section 112(r) of the Clean Air Act. The Threshold
Quantity for this gas is 10,000 pounds.
• The regulations of the Process Safety Management of Highly Hazardous Chemicals are not applicable (29
CFR 1910.119).
• This gas mixture does not contain any Class I or Class II ozone depleting chemicals (40 CFR Part 82).
• Nitrogen and Oxygen are not listed as Regulated Substances, per 40 CFR, Part 68, of the Risk Management
for Chemical Releases. Isobutylene is listed under this regulation in Table 3 as Regulated Substances
(Flammable Substances), in quantities of 10,000 lbs (4,553 kg) or greater.
OTHER CANADIAN REGULATIONS: This gas mixture is categorized as a Controlled Product, Hazard Class A,
as per the Controlled Product Regulations.
STATE REGULATORY INFORMATION: The components of this gas mixture are covered under the following
specific State regulations:
Alaska - Designated Toxic and
Hazardous Substances: No.
California - Permissible Exposure
Limits for Chemical Contaminants:
Nitrogen.
Florida - Substance List:
Oxygen,
Isobutylene.
Illinois - Toxic Substance List: No.
Kansas - Section 302/313 List: No.
Massachusetts - Substance List:
Oxygen, Isobutylene.

Michigan - Critical Materials Register:
No.
Minnesota - List of Hazardous
Substances: No.
Missouri - Employer Information/Toxic
Substance List: No.
New Jersey - Right to Know
Hazardous Substance List: Oxygen,
Nitrogen, Isobutylene.
North Dakota - List of Hazardous
Chemicals, Reportable Quantities:
No.

Pennsylvania - Hazardous Substance
List: Oxygen, Nitrogen, Isobutylene.
Rhode Island - Hazardous Substance
List: Oxygen, Nitrogen.
Texas - Hazardous Substance List:
No.
West Virginia - Hazardous Substance
List: No.
Wisconsin - Toxic and Hazardous
Substances: : No.

CALIFORNIA PROPOSITION 65: No component of this product is on the California Proposition 65 lists.
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16. OTHER INFORMATION
INFORMATION ABOUT DOT-39 NRC (Non-Refillable Cylinder) PRODUCTS
DOT 39 cylinders ship as hazardous materials when full. Once the cylinders are relieved of pressure (empty)
they are not considered hazardous material or waste. Residual gas in this type of cylinder is not an issue
because toxic gas mixtures are prohibited. Calibration gas mixtures typically packaged in these cylinders are
Nonflammable n.o.s., UN 1956. A small percentage of calibration gases packaged in DOT 39 cylinders are
flammable or oxidizing gas mixtures.
For disposal of used DOT-39 cylinders, it is acceptable to place them in a landfill if local laws permit. Their
disposal is no different than that employed with other DOT containers such as spray paint cans, household
aerosols, or disposable cylinders of propane (for camping, torch etc.). When feasible, we recommended
recycling for scrap metal content. Air Liquide America will do this for any customer that wishes to return
cylinders to us prepaid. All that is required is a phone call to make arrangements so we may anticipate arrival.
Scrapping cylinders involves some preparation before the metal dealer may accept them. We perform this
operation as a service to valued customers who want to participate.
MIXTURES: When two or more gases or liquefied gases are
create additional, unexpected hazards. Obtain and evaluate
you produce the mixture. Consult an Industrial Hygienist or
evaluation of the end product. Remember, gases and liquids
death.

mixed, their hazardous properties may combine to
the safety information for each component before
other trained person when you make your safety
have properties which can cause serious injury or

Further information about the handling of compressed gases can be found in the following pamphlets published
by: Compressed Gas Association Inc. (CGA), 1725 Jefferson Davis Highway, Suite 1004, Arlington, VA 222024102. Telephone: (703) 412-0900.
P-1
AV-1
PREPARED BY:

“Safe Handling of Compressed Gases in Containers”
“Safe Handling and Storage of Compressed Gases”
“Handbook of Compressed Gases”
CHEMICAL SAFETY ASSOCIATES, Inc.
9163 Chesapeake Drive, San Diego, CA 92123-1002
619/565-0302

Fax on Demand:

1-800/231-1366

This Material Safety Data Sheet is offered pursuant to OSHA’s Hazard Communication Standard, 29 CFR, 1910.1200. Other government
regulations must be reviewed for applicability to this product. To the best of Air Liquide America Corporation’s knowledge, the information
contained herein is reliable and accurate as of this date; however, accuracy, suitability or completeness are not guaranteed and no warranties of
any type, either express or implied, are provided. The information contained herein relates only to this specific product. If this product is
combined with other materials, all component properties must be considered. Data may be changed from time to time. Be sure to consult the
latest edition.
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MATERIAL SAFETY
DATA SHEET
Prepared to U.S. OSHA, CMA, ANSI and Canadian WHMIS Standards

1. PRODUCT IDENTIFICATION

CHEMICAL NAME; CLASS:

NON-FLAMMABLE GAS MIXTURE

Containing the Following Components in a Nitrogen Balance Gas:
Carbon Dioxide, 0.0005-20.0%; Methane; 0.0005-14.3%
SYNONYMS: Not Applicable
CHEMICAL FAMILY NAME: Not Applicable
FORMULA: Not Applicable
Document Number: 50052
Note: The Material Safety Data Sheet is for this gas mixture supplied in cylinders with 33 cubic feet (935 liters) or less gas capacity (DOT - 39 cylinders). This
MSDS has been developed for various gas mixtures with the composition of components within the ranges listed in Section 2 (Composition and Information on
Ingredients). Refer to the product label for information on the actual composition of the product.

PRODUCT USE:

Calibration
Equipment

SUPPLIER/MANUFACTURER'S NAME:
ADDRESS:

AIR LIQUIDE AMERICA CORPORATION
821 Chesapeake Drive
Cambridge, MD 21613

EMERGENCY PHONE:

CHEMTREC: 1-800-424-9300

BUSINESS PHONE:

of

Monitoring

and

Research

1-410-228-6400
General MSDS Information 1-713/868-0440
Fax on Demand:
1-800/231-1366

2. COMPOSITION and INFORMATION ON INGREDIENTS
CHEMICAL NAME

Carbon Dioxide

CAS #

124-38-9

Methane

74-82-8

Nitrogen

7727-37-9

mole %

0.0005 20.0%

0.0005 14.3 %
Balance

EXPOSURE LIMITS IN AIR
ACGIH
TLV
STEL
ppm
ppm
5000
30,000

OSHA
STEL
ppm

PEL
ppm
5000

IDLH
ppm
40,000

OTHER

10,000

30,000

DFG-MAK:
5000

(Vacated 1989
PEL)

(Vacated 1989
PEL)

NIOSH REL
TWA: 5000

C: 30000 ppm
There are no specific exposure limits for Methane. Methane is a simple asphyxiant (SA).
Oxygen levels should be maintained above 19.5%.
There are no specific exposure limits for Nitrogen. Nitrogen is a simple asphyxiant (SA).
Oxygen levels should be maintained above 19.5%.

NE = Not Established.
C = Ceiling Limit.
See Section 16 for Definitions of Terms Used.
NOTE: All WHMIS required information is included. It is located in appropriate sections based on the ANSI Z400.1-1993 format.
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3. HAZARD IDENTIFICATION
EMERGENCY OVERVIEW: This product is a colorless, odorless gas. A significant hazard associated with
releases of this product is the potential for over-exposure to Carbon Dioxide, a component of this gas mixture.
Inhalation of Carbon Dioxide can increase respiration and heart rate, possibly resulting in circulatory
insufficiency (which may lead to coma and death). At concentrations between 2-10%, Carbon Dioxide can
cause nausea, dizziness, headache, mental confusion, increased blood pressure and respiratory rate. If the
concentration of Carbon Dioxide reaches 10% or more, suffocation can occur within minutes. Additionally,
releases of this product may produce oxygen-deficient atmospheres (especially in confined spaces or other
poorly-ventilated environments); individuals in such atmospheres may be asphyxiated.
SYMPTOMS OF OVER-EXPOSURE BY ROUTE OF
EXPOSURE: The most significant route of over-exposure for this
product is by inhalation.
INHALATION: Due to the small size of an individual cylinder of
this product, no unusual health effects from over-exposure to the
product are anticipated under routine circumstances of use. A
significant hazard associated with releases of this product is the
potential for over-exposure to Carbon Dioxide, a component of
this gas mixture. If this product is released in a small, poorly
ventilated area (i.e. an enclosed or confined space), and if the
concentration of Carbon Dioxide reaches 10% or more,
suffocation can occur within minutes. At concentrations between
2-10%, Carbon Dioxide can cause nausea, dizziness, headache,
mental confusion, increased blood pressure and respiratory rate.
Carbon Dioxide initially stimulates respiration and then causes
respiratory depression. High concentrations result in narcosis.
Symptoms in humans are as follows:
CONCENTRATION
OF CARBON DIOXIDE
1%
2%

3%
4-5%
5-10%

50-100%

HAZARDOUS MATERIAL INFORMATION
SYSTEM

HEALTH

1

(BLUE)

FLAMMABILITY
REACTIVITY

(RED)

0

(YELLOW)

0

PROTECTIVE EQUIPMENT B
EYES

RESPIRATORY

HANDS

BODY

OBSERVED EFFECT
Slight increase in breathing rate.
See Section 8
Breathing rate increases to 50%
above normal level. Prolonged
For routine industrial applications
exposure can cause headache,
tiredness.
Breathing increases to twice normal rate and becomes labored. Weak narcotic
effect. Impaired hearing, headache, increase in blood pressure and pulse rate.
Breathing increases to approximately four times normal rate, symptoms of
intoxication become evident and slight choking may be felt.
Characteristic sharp odor noticeable. Very labored breathing, headache, visual
impairment and ringing in the ears. Judgment may be impaired, followed within
minutes by loss of consciousness.
Unconsciousness occurs more rapidly above 10% level. Prolonged exposure to
high concentrations may eventually result in death from asphyxiation.

Additionally, if mixtures of this product contain less than 19.5% Oxygen and are released in a small, poorlyventilated area (i.e. an enclosed or confined space), an oxygen-deficient environment may occur. Individuals
breathing such an atmosphere may experience symptoms which include headaches, ringing in ears, dizziness,
drowsiness, unconsciousness, nausea, vomiting, and depression of all the senses. Under some circumstances of
over-exposure, death may occur. The effects associated with various levels of oxygen are as follows:
CONCENTRATION
OF OXYGEN
12-16% Oxygen:
10-14% Oxygen:
6-10% Oxygen:
Below 6%:

OBSERVED EFFECT
Breathing and pulse rate increased, muscular coordination slightly disturbed.
Emotional upset, abnormal fatigue, disturbed respiration.
Nausea, vomiting, collapse, or loss of consciousness.
Convulsive movements, possible respiratory collapse, and death.
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3. HAZARD IDENTIFICATION (Continued)
CONTACT WITH SKIN or EYES: Exposure to high concentrations of Carbon Dioxide (a component of this gas
mixture) may cause eye irritation with symptoms such as pain, redness, and tearing. Prolonged contact of high
concentrations of Carbon Dioxide with the eyes can cause damage to the retinal ganglion cells.
HEALTH EFFECTS OR RISKS FROM EXPOSURE: An Explanation in Lay Terms. Over-exposure to this gas
mixture may cause the following health effects:
ACUTE: Due to the small size of the individual cylinder of this product, no unusual health effects from exposure
to the product are anticipated under routine circumstances of use. Inhalation of high concentrations of Carbon
Dioxide (a component of this gas mixture) can cause nausea, dizziness, headache, mental confusion, increased
blood pressure and respiratory rate. High concentrations of Carbon Dioxide may cause eye irritation, and
potential eye damage. Another significant hazard associated with this gas mixture when it contains less than
19.5% oxygen is the potential for exposure to oxygen-deficient atmospheres. Symptoms of oxygen deficiency
include respiratory difficulty, ringing in ears, headaches, shortness of breath, wheezing, headache, dizziness,
indigestion, nausea, unconsciousness, and death. The skin of a victim of over-exposure may have a blue color.
CHRONIC: There are currently no known adverse health effects associated with chronic exposure to this gas.
TARGET ORGANS: Respiratory system, central nervous system, and eyes.

4. FIRST-AID MEASURES
RESCUERS SHOULD NOT ATTEMPT TO RETRIEVE VICTIMS OF EXPOSURE TO THIS
PRODUCT WITHOUT ADEQUATE PERSONAL PROTECTIVE EQUIPMENT. At a minimum, SelfContained Breathing Apparatus must be worn.
No unusual health effects are anticipated after exposure to this product, due to the small cylinder size. If any
adverse symptom develops after over-exposure to this product, remove victim(s) to fresh air as quickly as
possible. Only trained personnel should administer supplemental oxygen and/or cardio-pulmonary resuscitation
if necessary.
Victim(s) who experience any adverse effect after over-exposure to this product must be taken for medical
attention. Rescuers should be taken for medical attention if necessary. Take a copy of the label and the MSDS
to physician or other health professional with victim(s).

5. FIRE-FIGHTING MEASURES
FLASH POINT, (method): Not applicable.

NFPA RATING

AUTOIGNITION TEMPERATURE: Not applicable.

FLAMMABILITY

FLAMMABLE LIMITS (in air by volume, %):
Lower (LEL): Not applicable.
Upper (UEL): Not applicable.

0

Note: The flammable range for pure Methane in air is 5-15%;
however, in a Nitrogen Balance gas, this range is altered and this
specific gas mixture is non-flammable.
FIRE EXTINGUISHING MATERIALS:
Non-flammable gas
mixture. Use extinguishing media appropriate for surrounding fire.

HEALTH

0

1

REACTIVITY

OTHER

UNUSUAL FIRE AND EXPLOSION HAZARDS: This gas mixture is not flammable; however, containers, when
involved in fire, may rupture or burst in the heat of the fire. Pressure in a container can build-up due to heat and
it may rupture if pressure relief devices should fail to function.
Explosion Sensitivity to Mechanical Impact: Not sensitive.
Explosion Sensitivity to Static Discharge: Not sensitive.
SPECIAL FIRE-FIGHTING PROCEDURES:
Apparatus and full protective equipment.

Structural firefighters must wear Self-Contained Breathing
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6. ACCIDENTAL RELEASE MEASURES
LEAK RESPONSE: Due to the small size and content of the cylinder, an accidental release of this product
presents significantly less risk of Carbon Dioxide over-exposure, an oxygen deficient environment, and other
safety hazards than a similar release from a larger cylinder. However, as with any chemical release, extreme
caution must be used during emergency response procedures. In the event of a release in which the atmosphere
is unknown, and in which other chemicals are potentially involved, evacuate immediate area. Such releases
should be responded to by trained personnel using pre-planned procedures. Proper protective equipment should
be used. In case of a leak, clear the affected area, protect people, and respond with trained personnel.
Allow the gas mixture to dissipate. If necessary, monitor the surrounding area (and the original area of the
release) for Carbon Dioxide and oxygen. Carbon Dioxide should not be above background levels and Oxygen
levels must be above 19.5% before non-emergency personnel are allowed to re-enter area.
If leaking incidentally from the cylinder, contact your supplier.

7. HANDLING and USE
WORK PRACTICES AND HYGIENE PRACTICES: Be aware of any signs of dizziness or fatigue; exposures to
fatal concentrations of this product could occur without any significant warning symptoms, due to Carbon Dioxide
over-exposure and oxygen deficiency. Do not attempt to repair, adjust, or in any other way modify the cylinders
containing this gas mixture. If there is a malfunction or another type of operational problem, contact nearest
distributor immediately.
STORAGE AND HANDLING PRACTICES: Cylinders should be firmly secured to prevent falling or being
knocked-over. Cylinders must be protected from the environment, and preferably kept at room temperature
(approximately 21°C, 70°F). Cylinders should be stored in dry, well-ventilated areas, away from sources of heat,
ignition, and direct sunlight. Protect cylinders against physical damage.
Full and empty cylinders should be segregated. Use a first-in, first-out inventory system to prevent full
containers from being stored for long periods of time. These cylinders are not refillable. WARNING! Do not
refill DOT 39 cylinders. To do so may cause personal injury or property damage.
SPECIAL PRECAUTIONS FOR HANDLING GAS CYLINDERS: WARNING! Compressed gases can present
significant safety hazards. During cylinder use, use equipment designed for these specific cylinders. Ensure all
lines and equipment are rated for proper service pressure.
PROTECTIVE PRACTICES DURING MAINTENANCE OF CONTAMINATED EQUIPMENT: Follow practices
indicated in Section 6 (Accidental Release Measures). Make certain that application equipment is locked and
tagged-out safely. Always use product in areas where adequate ventilation is provided.

8. EXPOSURE CONTROLS - PERSONAL PROTECTION
VENTILATION AND ENGINEERING CONTROLS: No special ventilation systems or engineering controls are
needed under normal circumstances of use. As with all chemicals, use this product in well-ventilated areas. If
this product is used in a poorly-ventilated area, install automatic monitoring equipment to detect the levels of
Carbon Dioxide and Oxygen.
RESPIRATORY PROTECTION: No special respiratory protection is required under normal circumstances of
use. Use supplied air respiratory protection if the level of Carbon Dioxide exceeds exposure limits presented in
Section 2 (Composition and Information of Ingredients) and oxygen levels are below 19.5% or unknown during
emergency response to a release of this product. If respiratory protection is required for emergency response to
this product, follow the requirements of the Federal OSHA Respiratory Protection Standard (29 CFR 1910.134)
or equivalent State standards. Respiratory selection guidelines from NIOSH for Carbon Dioxide are provided
below for information.
NIOSH/OSHA RECOMMENDATIONS FOR CARBON DIOXIDE CONCENTRATIONS IN AIR:
UP TO 40,000 ppm:
Supplied Air Respirator (SAR); or full-facepiece Self-Contained Breathing Apparatus
(SCBA).
EMERGENCY OR PLANNED ENTRY INTO UNKNOWN CONCENTRATIONS OR IDLH CONDITIONS:
Positive pressure, full-facepiece SCBA; or positive pressure, full-facepiece SAR with an auxiliary positive
pressure SCBA.
ESCAPE:
Escape-type SCBA.
NOTE:
The IDLH concentration for Carbon Dioxide is 40,000 ppm.
EYE PROTECTION: Safety glasses.
HAND PROTECTION: No special protection is needed under normal circumstances of use.
BODY PROTECTION: No special protection is needed under normal circumstances of use.
NON-FLAMMABLE GAS MIXTURE MSDS - 50052
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9. PHYSICAL and CHEMICAL PROPERTIES
The following information is for Nitrogen, a main component of this gas mixture.
GAS DENSITY @ 32°F (0°C) and 1 atm: 0.072 lbs/ ft3 (1.153 kg/m3)
BOILING POINT: -320.4 °F (-195.8 °C)
FREEZING/MELTING POINT @ 10 psig -210 °C (-345.8 °F)
SPECIFIC GRAVITY (air = 1) @ 70°F (21.1°C): 0.906

pH: Not applicable.

SOLUBILITY IN WATER vol/vol @ 32°F (0°C) and 1 atm: 0.023

MOLECULAR WEIGHT: 28.01

EVAPORATION RATE (nBuAc = 1): Not applicable.

EXPANSION RATIO: Not applicable.

ODOR THRESHOLD: Not applicable.

SPECIFIC VOLUME (ft3/lb): 13.8

VAPOR PRESSURE @ 70°F (21.1°C) psig: Not applicable.
COEFFICIENT WATER/OIL DISTRIBUTION: Not applicable.
APPEARANCE AND COLOR: This product is a colorless, odorless gas mixture.
HOW TO DETECT THIS SUBSTANCE (warning properties): There are no unusual warning properties
associated with a release of this product. In terms of leak detection, fittings and joints can be painted with a
soap solution to detect leaks, which will be indicated by a bubble formation.

10. STABILITY and REACTIVITY
STABILITY: Normally stable in gaseous state. Moisture in the air could lead to the formation of carbonic acid
from Carbon Dioxide.
DECOMPOSITION PRODUCTS: Methane, a component of this gas mixture, will thermally decompose in air to
generate carbon monoxide and carbon dioxide. The other components of this gas mixture do not decompose,
per se, but may react with other compounds in the heat of a fire.
MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE: Titanium will burn in Nitrogen (a component of
this product). Lithium reacts slowly with Nitrogen at ambient temperatures. A component of this product
(Methane) is also incompatible with strong oxidizers (i.e. chlorine, bromine pentafluoride, oxygen difluoride, and
nitrogen trifluoride). Carbon Dioxide, another component of this gas mixture, will ignite and explode when
heated with powdered aluminum, beryllium, cerium alloys, chromium, magnesium-aluminum alloys, manganese,
thorium, titanium, and zirconium. In the presence of moisture, Carbon Dioxide will ignite with cesium oxide.
Metal acetylides will also ignite and explode on contact with Carbon Dioxide.
HAZARDOUS POLYMERIZATION: Will not occur.
CONDITIONS TO AVOID: Contact with incompatible materials. Cylinders exposed to high temperatures or
direct flame can rupture or burst.

11. TOXICOLOGICAL INFORMATION
TOXICITY DATA: The following toxicology data are available for the components of this product:
NITROGEN: There are no specific toxicology data for Nitrogen.
Nitrogen is a simple asphyxiant, which acts to displace oxygen in the
environment.
METHANE: There are no specific toxicology data for Methane.
Methane is a simple asphyxiant, which acts to displace oxygen in the
environment.

CARBON DIOXIDE:
This gas is a simple asphyxiant with
physiological effects at high concentration.
TCLo(inhalation, rat) = 6 pph/24 hours; reproductive and teratogenic
effects
LCLo(inhalation, human) = 9 pph/ 5 minutes
LCLo(inhalation, mammal) = 90,000 ppm/5 minutes

SUSPECTED CANCER AGENT: The components of this gas mixture are not found on the following lists:
FEDERAL OSHA Z LIST, NTP, CAL/OSHA, and IARC; therefore, they are not considered to be, nor suspected to
be, cancer-causing agents by these agencies.
IRRITANCY OF PRODUCT: Not applicable.
SENSITIZATION TO THE PRODUCT: The components of this gas mixture are not known to be sensitizers.
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11. TOXICOLOGICAL INFORMATION (Continued)
REPRODUCTIVE TOXICITY INFORMATION: Listed below is information concerning the effects of this product
and its components on the human reproductive system.
Mutagenicity: This product is not expected to cause mutagenic effects in humans.
Embryotoxcity: This product has not been reported to cause embryotoxic effects.
Teratogenicity: This product is not expected to cause teratogenic effects in humans. Clinical studies involving
test animals exposed to high concentrations of Carbon Dioxide indicate teratogenic effects.
Reproductive Toxicity: This product is not expected to cause adverse reproductive effects in humans. Clinical
studies involving test animals exposed to high concentrations of Carbon Dioxide indicate reproductive effects.
A mutagen is a chemical which causes permanent changes to genetic material (DNA) such that the changes will
propagate through generation lines. An embryotoxin is a chemical which causes damage to a developing embryo
(i.e. within the first eight weeks of pregnancy in humans), but the damage does not propagate across
generational lines. A teratogen is a chemical which causes damage to a developing fetus, but the damage does
not propagate across generational lines. A reproductive toxin is any substance which interferes in any way with
the reproductive process.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Acute or chronic respiratory conditions may be
aggravated by over-exposure to the components of this product. Additionally, over-exposure to Carbon Dioxide
(a component of this gas mixture) may aggravate eye disorders and central nervous system conditions.
RECOMMENDATIONS TO PHYSICIANS:
exposure.

Administer oxygen, if necessary; treat symptoms and eliminate

BIOLOGICAL EXPOSURE INDICES (BEIs): Currently, Biological Exposure Indices (BEIs) are not applicable
for this gas mixture.

12. ECOLOGICAL INFORMATION
ENVIRONMENTAL STABILITY: The components of this gas mixture occur naturally in the atmosphere. The
gas will be dissipated rapidly in well-ventilated areas. The following environmental data are applicable to the
components of this product.
NITROGEN: Water Solubility = 2.4 volumes Nitrogen/100 volumes water at 0°C. 1.6 volumes Nitrogen/100 volumes water at 20°C.

EFFECT OF MATERIAL ON PLANTS or ANIMALS: No evidence is currently available on this product’s effects
on plant and animal life.
EFFECT OF CHEMICAL ON AQUATIC LIFE: No evidence is currently available on this product’s effects on
aquatic life.

13. DISPOSAL CONSIDERATIONS
PREPARING WASTES FOR DISPOSAL PREPARING WASTES FOR DISPOSAL: Waste disposal must be in
accordance with appropriate Federal, State, and local regulations. Cylinders with undesired residual product may
be safely vented outdoors with the proper regulator. For further information, refer to Section 16 (Other
Information).

14. TRANSPORTATION INFORMATION
THIS MATERIAL IS HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF
TRANSPORTATION.
PROPER SHIPPING NAME:
Compressed gases, n.o.s. (Nitrogen, Carbon Dioxide)
HAZARD CLASS NUMBER and DESCRIPTION: 2.2 (Non-Flammable Gas)
UN IDENTIFICATION NUMBER:
UN 1956
PACKING GROUP:
Not applicable.
DOT LABEL(S) REQUIRED:
Non-Flammable Gas
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (1996): 126
MARINE POLLUTANT: The components of this gas mixture are not classified by the DOT as Marine Pollutants
(as defined by 49 CFR 172.101, Appendix B).
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14. TRANSPORTATION INFORMATION (Continued)
SPECIAL SHIPPING INFORMATION: Cylinders should be transported in a secure position, in a well-ventilated
vehicle. The transportation of compressed gas cylinders in automobiles or in closed-body vehicles can present
serious safety hazards. If transporting these cylinders in vehicles, ensure these cylinders are not exposed to
extremely high temperatures (as may occur in an enclosed vehicle on a hot day). Additionally, the vehicle
should be well-ventilated during transportation.
Note: DOT 39 Cylinders ship in a strong outer carton (overpack). Pertinent shipping information goes on the
outside of the overpack. DOT 39 Cylinders do not have transportation information on the cylinder itself.
TRANSPORT CANADA TRANSPORTATION OF DANGEROUS GOODS REGULATIONS: THIS MATERIAL IS
CONSIDERED AS DANGEROUS GOODS. Use the above information for the preparation of Canadian
Shipments.

15. REGULATORY INFORMATION
SARA REPORTING REQUIREMENTS: The components of the gas mixture are subject to the reporting
requirements of Sections 302, 304, and 313 of Title III of the Superfund Amendments and Reauthorization Act,
as follows:
COMPONENT

SARA 302

SARA 304

SARA 313

NO
NO
NO

NO
NO
NO

NO
NO
NO

Methane
Carbon Dioxide
Nitrogen

SARA THRESHOLD PLANNING QUANTITY: Not applicable.
TSCA INVENTORY STATUS: The components of this gas mixture are listed on the TSCA Inventory.
CERCLA REPORTABLE QUANTITY (RQ): Not applicable.
OTHER U.S. FEDERAL REGULATIONS:
• Methane is subject to the reporting requirements of Section 112(r) of the Clean Air Act. The Threshold
Quantity for this gas is 10,000 pounds.
• Carbon Dioxide is subject to the reporting requirements of CFR 29 1910.1000. Carbon Dioxide is listed on
Table Z.1
• The regulations of the Process Safety Management of Highly Hazardous Chemicals (29 CFR 1910.119) are
not applicable to this gas mixture.
• This gas mixture does not contain any Class I or Class II ozone depleting chemicals (40 CFR part 82).
• Nitrogen and Carbon Dioxide are not listed as Regulated Substances, per 40 CFR, Part 68, of the Risk
Management for Chemical Releases. Methane is listed under this regulation in Table 3, as a Regulated
Substance (Flammable Substance), in quantities of 10,000 lbs (4,553 kg) or greater.
OTHER CANADIAN REGULATIONS: This gas mixture is categorized as a Controlled Product, Hazard Classes
A and B1, as per the Controlled Product Regulations.
STATE REGULATORY INFORMATION: The components of this gas mixture are covered under the following
specific State regulations:
Alaska - Designated Toxic and
Hazardous Substances: Methane,
Carbon Dioxide.
California - Permissible Exposure
Limits for Chemical Contaminants:
Nitrogen, Methane, Carbon Dioxide.
Florida - Substance List:
Carbon
Dioxide.
Illinois - Toxic Substance List:
Carbon Dioxide.
Kansas - Section 302/313 List: No.
Massachusetts - Substance List:
Methane, Carbon Dioxide.

Minnesota - List of Hazardous
Substances:
Methane, Carbon
Dioxide.
Missouri - Employer Information/Toxic
Substance List: Methane, Carbon
Dioxide.
New Jersey - Right to Know
Hazardous
Substance
List:
Nitrogen, Methane, Carbon Dioxide.
North Dakota - List of Hazardous
Chemicals, Reportable Quantities:
No.

Pennsylvania - Hazardous Substance
List:
Nitrogen, Methane, Carbon
Dioxide.
Rhode Island - Hazardous Substance
List:
Nitrogen, Methane, Carbon
Dioxide.
Texas - Hazardous Substance List:
Carbon Dioxide.
West Virginia - Hazardous Substance
List: Carbon Dioxide.
Wisconsin - Toxic and Hazardous
Substances: Carbon Dioxide.

CALIFORNIA PROPOSITION 65: No component of this product is on the California Proposition 65 lists.
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16. OTHER INFORMATION
INFORMATION ABOUT DOT-39 NRC (Non-Refillable Cylinder) PRODUCTS
DOT 39 cylinders ship as hazardous materials when full. Once the cylinders are relieved of pressure (empty)
they are not considered hazardous material or waste. Residual gas in this type of cylinder is not an issue
because toxic gas mixtures are prohibited. Calibration gas mixtures typically packaged in these cylinders are
Nonflammable n.o.s., UN 1956. A small percentage of calibration gases packaged in DOT 39 cylinders are
flammable or oxidizing gas mixtures.
For disposal of used DOT-39 cylinders, it is acceptable to place them in a landfill if local laws permit. Their
disposal is no different than that employed with other DOT containers such as spray paint cans, household
aerosols, or disposable cylinders of propane (for camping, torch etc.). When feasible, we recommended
recycling for scrap metal content. Air Liquide America will do this for any customer that wishes to return
cylinders to us prepaid. All that is required is a phone call to make arrangements so we may anticipate arrival.
Scrapping cylinders involves some preparation before the metal dealer may accept them. We perform this
operation as a service to valued customers who want to participate.
MIXTURES: When two or more gases or liquefied gases are
create additional, unexpected hazards. Obtain and evaluate
you produce the mixture. Consult an Industrial Hygienist or
evaluation of the end product. Remember, gases and liquids
death.

mixed, their hazardous properties may combine to
the safety information for each component before
other trained person when you make your safety
have properties which can cause serious injury or

Further information about the handling of compressed gases can be found in the following pamphlets published
by: Compressed Gas Association Inc. (CGA), 1725 Jefferson Davis Highway, Suite 1004, Arlington, VA 222024102. Telephone: (703) 412-0900.
P-1
AV-1
PREPARED BY:

“Safe Handling of Compressed Gases in Containers”
“Safe Handling and Storage of Compressed Gases”
“Handbook of Compressed Gases”
CHEMICAL SAFETY ASSOCIATES, Inc.
9163 Chesapeake Drive, San Diego, CA 92123-1002
619/565-0302

Fax on Demand:

1-800/231-1366

This Material Safety Data Sheet is offered pursuant to OSHA’s Hazard Communication Standard, 29 CFR, 1910.1200. Other government
regulations must be reviewed for applicability to this product. To the best of Air Liquide America Corporation’s knowledge, the information
contained herein is reliable and accurate as of this date; however, accuracy, suitability or completeness are not guaranteed and no warranties of
any type, either express or implied, are provided. The information contained herein relates only to this specific product. If this product is
combined with other materials, all component properties must be considered. Data may be changed from time to time. Be sure to consult the
latest edition.
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Attachment H
On-Site Health and Safety Tailgate Meeting Record
Form Template

1111 Broadway, 6th Floor
Oakland, California 94607
PH 510.836.3034
FAX 510.836.3036

On-Site Health and Safety Tailgate Meeting Record Form
Project Name:
Site Name:
Meeting Date:
Meeting Conducted by:

Project Number:
Location:
Meeting Time:
Signature:

The following topics shall be discussed (check [√]) to indicate that the topic was discussed):
Biological Hazards
Standard Operating Procedures
Chemical Hazards
Personal Protective Equipment (PPE)
Physical Hazards
Decontamination
Traffic Safety
Emergencies
Air Monitoring (PID)
Weather-Related Issues
Site-Specific Hazards
Near Misses or Incidents
Local Emergency Phone Number when Dialing from a Cell Phone (NOT 911):
Additional Topics Discussed/Suggestions/Comments:

Task Hazard Analysis/Control Measure(s) of Topics Discussed:

List of Attendees:

Attachment I
Incident Investigation and Review Template

PROCEDURE EHS 102_

DATE August 2009

Environmental, Health & Safety Procedure

REVISED March 2011

Incident Investigation and Review

1.0

PURPOSE

To establish the minimum requirements for the investigation and review of safety, health, and/or
environmental incidents.

2.0

SCOPE

This procedure applies to all safety, health, and/or environmental incidents as defined below:
1.

Any work-related injury or illness to a Geosyntec employee;

2.

Fire, explosion, or flash;

3.

Any accidents involving company-owned, rented, or leased vehicles (including personal
vehicles used for company business);

4.

Property damage resulting from any Geosyntec activity;

5.

Unexpected release or imminent release of a hazardous material;

6.

Unexpected chemical exposures to workers or the public;

7.

A safety related complaint from the public regarding Geosyntec activities;

8.

Incidents that could result in adverse public media interest concerning Geosyntec or a
Geosyntec project;

9.

Incidents that could result in, or any actual investigation by, OSHA, DOT, EPA, or any
other State, Federal, or local safety, health, & environmental enforcement agency;

10.

Significant Learning Experience, defined as a near-miss incident that the affected group
(i.e. project team, office staff, etc.) believes could have wide-ranging impacts throughout
the Company.
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3.0

PROCEDURE

Operations Management will investigate and review all incidents to ensure that root causes are
identified and appropriate corrective measures are implemented. The procedure to be followed
for these investigations and reviews is summarized below:
1. The Responsible Lead Investigator Table (below) will be used to identify the management
representative responsible for conducting the appropriate incident investigation. For all
incidents classified as Category 3 or higher, the Responsible Lead Investigator will also be
responsible for the preparation of a formal incident investigation report. A sample report
format is attached as a guide. The investigation and report will focus on determining both
critical factors (i.e. direct causes) and root causes of the incident. For incidents in categories
1 and 2, the investigation report format will be at the discretion of the Responsible Lead
Investigator.
2. An incident review meeting will be scheduled and conducted by the Responsible Lead
Investigator within 10 working days of the date of occurrence of the incident. Timeliness of
this review is considered paramount in ensuring that appropriate facts are gathered and
safeguards established to prevent reoccurrence.
3. The review meeting will primarily focus on the root causes identified in the incident
investigation report. The meeting is also designed to gain consensus of all participants with
respect to any corrective actions proposed by the Responsible Lead Investigator in the
investigation report.
4. The review committee will be comprised of at least one of the the following individuals:
(a) The direct supervisor of the Responsible Lead Investigator,
(b) Project Director and Branch Manager,
(c) Project Manager of the injured/involved employee.
Please note that the review meetings are designed to summarize the investigation findings
and come to management agreement on root causes and appropriate corrective actions.
Direct participation by the employee(s) involved in the incident is not necessary and requires
prior approval from the Senior Manager assigned to the review committee.
Other members of the committee will be at the discretion of the EHS Department. The
responsible lead investigator will extend an invitation to the Geosyntec Director of EHS at least 5
days prior to the scheduled review date. The Director of EHS will extend an invitation to the
following individuals based on a preliminary assessment of the incident:
•
•
•

Geosyntec Risk Management Committee (RMC)
Geosyntec Executive Committee (ExCom)
Geosyntec Human Resources

5. Formal meeting minutes will be prepared by the Responsible Lead Investigator and
distributed to all review committee members (actual and invited) within 2 business days
following the review meeting. Minutes will include a review of all final determinations
including:
•

Description of the incident

•

Investigation report

EHS 102 - Incident Investigation
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•

Listing of proximate and root causes

•

Action items for corrective actions including responsible individual(s) and date(s),
where applicable.

6. The Responsible Lead Investigator will formally track action items resulting from the review
meeting. Weekly update reports on the status of the action items will be developed and
distributed by the Responsible Lead Investigator to all review committee members and
participants until all items are formally closed and accepted by the Director of EHS.

4.0

ATTACHMENTS

Attachment 1 – Incident Investigation Protocol
Attachment 2 – Incident Investigation Report Template
Attachment 3 – Root Cause Worksheet

5.0


REFERENCES
EHS 101 - Injury, Illness, and Near Miss Reporting
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Incident Investigation Protocol
Unsafe conditions/actions, injuries, illnesses and near-misses defined per EHS 101 will be reported by the Workplace Supervisor to the EHS Department as
soon as possible. All reports generated from the investigation will be documented and thoroughly investigated and reviewed by the designated Senior
Management noted in the table below. Investigation reports will be completed and forwarded to the Director of EHS w/in 48 hours. The investigation reports will
concentrate on the identification of Root Causes and suggested corrective actions.
The EHS Department will determine the maximum potential classification of the incident and alert the appropriate level of management to begin the incident
investigation.
The Responsible Lead Investigator will mobilize an investigation team and publish a preliminary incident report within 48 hours (i.e. verify and update the initial
Who, What, Where, When, add other known facts, and provide a schedule for completion of the investigation).
Responsible Lead Investigator

•
•

Significant Learning Experience
Property Damage (less than
$5,000)

•
•

•
•

First-Aid Only Case
Non-Reportable Environmental
Release
Recordable Injury/Illness
Property Damage over $5,000
Regulatory N.O.V. (i.e. OSHA
Citation, EPA NOV, etc.)
Restricted and/or Day Away From
Work Case
Reportable Env. Release
Property Damage over $25,000

•
•
•

Employee Hospitalization
Property Damage over $100,000
Fatality

•
•
•
•

Incident
Classification

Project
Manager or
Employee
Supv.

Project
Director

1

X

*

2

X

*

3

X

*

*

4

X

*

*

*

5

X

*

*

*

*

6

*

X

*

*

*

Branch

Manager

RMC

ExCom

X = Lead investigator
* = Participant in incident review call meeting
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Incident Investigation Report
Template

Executive Summary
Brief Summary:
Provide a summary of the incident that includes all critical elements of the investigation
What went wrong?
Provide a bulleted list of the most critical elements in the incident sequence that “failed”
What went well?
Provide a list of the most important elements of the incident sequence, including postincident elements that went well
Critical Factors and Root Causes:
Critical Factors
Based on the interviews, site investigations, and other evidence gathered, identify the
events, conditions, and/or actions (Critical Factors) that were directly responsible for the
incident
Root Causes
Using the Root Cause Worksheet (Attachment 3), identify the root causes of the incident
Action Items:
Identify the action items from the investigation and the elements of the Geosyntec safety program
to which they correspond.
Lessons Learned:
Provide any information that the investigation team believes will assist other Geosyntec
operations, projects, offices, and/or employees avoid this type of incident.

REPORT
I.
II.

III.

General Background
Provide basic contract information as well as pertinent site information
Incident Description
Complete and detailed description of all aspects leading up to the incident, the incident itself, and
any applicable post-incident measures that either lessened, controlled, and/or exacerbated the
final outcome of the incident.
Investigation Results
A. People Factors
Describe and evaluate all personnel involved including their roles, responsibilities,
experience, and training
B. Parts/Equipment Factors
Describe and evaluate (using pictures or drawings where necessary) all equipment and/or
parts involved. Include information relative gauge levels, meter readings, physical condition,
etc.
C. Position Factors
Describe and evaluate the layout of the incident area noting the location of all people,
equipment, structures, etc.
D. Paper/Documentation Factors
Describe and evaluate compliance with the procedures, programs, plans, specifications, etc.
applicable to the task being performed and the people performing the task. For example,
HASP, Hazard Mitigator, Task Hazard Analysis, project safety plan, corporate and/or project
procedures, training requirements, etc.
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Incident Investigation Report
Template
IV.
Incident Analysis
For each Critical Factor identified during the investigation, identify each applicable root cause from the
Root Cause Worksheet and identify them in the table below. Use a separate table for each Critical Factor.
1.

Critical Factor 1
Identified Cause

2.

Cause No.

Cause Description

Cause Type

Cause No.

Cause Description

Critical Factor 2
Identified Cause

IV.

Cause Type

Action Plan

Based on the investigation and root cause analysis, the following actions have been planned.
Actions to be Taken

EHS 102 - Incident Investigation
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Root Cause Worksheet

Root Cause Worksheet
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Root Cause Worksheet

Immediate Causes
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System Causes
Personal Factors

Incident Investigation
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System Causes
Job Factors
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System Causes
Job Factors
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System Causes
Job Factors
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Root Cause Worksheet

Page 12 of 12

