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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJECT DESCRIPTION

Project Nalne:               Shallow Fault plane characterization potential of seismic Methods

Location:                       Trenton, New Jersey

Site safety officer:     Richard D. Miller

Plan prepared by:         Richard D. Miller

Estimated Duration ofField work:    2 days

11.        STATEMENT OF WORK
Fault planes can be inferred from offsets in seismic reflections or refractious, scatter/

diffractious from beds terminated by a fault plane, and/or changes in seismic properties at or
across the fault plane.  Acquisition and analysis of the entire wave field with one field deployment
and several component-specific processing flows allows unique, and in some cases redundant,
determination of key seismic characteristics in the most efficient, fastest, and cost-effective
marmer.  Techniques and approaches using reflections, first arrivals, and diffractions/scatter to
map faults are well documented.  Use of surface waves to image the subsurface with multi-
charmel data has only recently become a reality.

Recently developed seismic acquisition and analysis techniques have opened the door for
surface waves to be used in addressing a vast number of near-surface problems, especially lateral
seismic anomalies.  Pertufoatious in the propagation characteristics of seismic energy resulting
from anomalous zones within a rock column are more pronounced on some components of the
wave field than others.  By analyzing the propagation characteristics of and earth properties
affecting different components, attributes, and types of seismic waves, anomalous earth materials
can be identified and made the focus of delineation surveys.  Surface waves can be invened to
define shear velocity, adjusted for linear velocity movcout and stacked, studied for diffraction/
reflection patterns, or used in conjunction with tomography or other body wave techniques to
explore for anomalous earth properties.

Scanning of the subsurface for geologic anomalies using site-appropriate components of
the seismic wave field could be done at relatively high production rates and with confident inter-
pretations by minimally trained technical staff.  Development of seismic tools that are selectable
and adaptable to various site-apecific conditions and constraints would be useful in areas without
adequate subsurface control.  Surface waves have proven sensitive to discontinuities at depths
ranging from a meter to over 50 meters.  This sensitivity can be exploited and a hichly efficient
acquisition and processing routine designed as either reconnaissance or delineation surveys for a
apecific site.  Acquisition tests have proven that appropriate coupling for accurate recording of
surface waves can be established with only pressure contact to the earth surface, unlike body
wave surveying in which coupling is optimized by invasive `blanting."  Marine streaner
technology adapted to land can provide near continuous acquisition of 2-D profiles using
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pressure-coupled sources and receivers.  Once parameters in a particular area have been selected,
processing routines can be automated with pattern recognition and differencing routines used to
identify potential targets.  These nearly fully automated intexpretive techniques could be almost
real time, providing preliminary results within minutes of data acquisition.

INTRODUCTION
Historically, detection of anomalies using seismic methods has relied heavily on wave-

field interference, breaks in coherency of reflection/first arivals, and point source radiation
phenomena of body waves (Rechtien et al.,1995; Miller et al.,1990; Steeples and Miller,1988;
Cook,1965; Fisher,1971; Watkins et al.,1967).  This approach can be effective in some situa-
tions, but considering the wealth of infomation contained in the full wave field, it is at best a
cursory use of the seismic information available.  Recently surface seismic methods have been
developed that provide a quantitative measure of key seismic properties for each 3-D cell of a
specified earth volume (Miller et al., 2001).  These seismic properties are determined from a
single shot gather after analyzing individual components of the wave field.  It is the intent of this
project to evaluate the potential of these seismic imaging and sanipling techniques for shallow
mine detection/delineation.  By estimating Vp, Vs, and layering within individual subsurface
cells, anomalies (manmade tunnels) in otherwise uniform sediments should be distinguishable
from natural changes in material properties.  As well, disturbances in the radiation pattern of
seismic energy as a function of specific attributes may provide key insights into the nature and
extent of subsurface anomalies.

GEOPHYSICAL TECHNIQUES
Surface Wave Inversion and Wavefield Analysis

Surface waves traditionally have been viewed as noise on multichannel seismic data
imaging shallow engineering, environmental, and groundwater targets (Steeples and Miller,
1990).  Recent advances in the use of surface waves for near-surface imaging have combined
spectral analysis techniques (SASW), developed for civil engineering applications (Nazarian et
al.,1983), with multi-trace reflection technologies developed for the near surface (Schepers,
1975) and petroleum applications (Glover,1959).  The combination of these two uniquely
different approaches to seismic imaging of the shallow subsurface pemits non-invasive estima-
tion of shear wave velocity and delineation of horizontal and vertical variations in near-surface
material properties based on changes in these velocities (MASW) (Park et al.,1996; Xia et al.,
1999; Park et al.,1999).

Extending this imaging technology to include lateral variations in lithology as well as
tunnel and fracture detection, bedrock mapping, and subsidencekarst delineation has required a
unique approach incorporating SASW, MASW, and CDP methods.  By integrating these tech-
niques, 2-D continuous shear-wave velocity profiles of the subsurface can be generated.  Esti-
mating the dispersion curve from up to 60 closely spaced receiving channels calculated on
regular small intervals along the ground surface enhances the signal and results in a unique,
relatively continuous view of shallow subsurface shear-wave velocity characteristics.  This highly
redundant method improves the accuracy of calculated shear-wave velocities (within 15% of
measured, Xia et al., 2000a) over other surface wave analysis techniques and minimizes the
likelihood irregularities resulting from erratic dispersion curves will corrupt inversion results.

Considering the sensitivity of the surface wave to changes in material characteristics, it is
an effective first-order direct detection tool.  By comparing changes in the propagation patterns
of the wavetrain anomalies associated with voids or fault planes, changes in material composi-
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tion, and even variation in bedrock depths can be ascertained.  This method provides a quick,
very non-unique approach to identifying areas where the geology has changed, at depths inferred
from the t/2-wavelength axiom and phase velocity estimation. The dispersive property/ of surface
waves is the key characteristic exploited by this technique.

Surface waves travel through the shallow layers of the earth as a function mainly of Vs
and layer geometry.  Since surface waves are dispersive by nature they have a direct correlation
between phase velocity and frequency.  This characteristic allows the imaging depth to be esti-
mated based on wavelength.  Surface waves travel in a smooth retrograde elliptical fashion in a
homogeneous earth.  When anomalous material or breaks in layer coherency interrupts otherwise
laterally uniform earth materials, the wave field is disturbed, much like a reed disturbs waves on
the surface of a pond.  Disturbances in the wave field can be characterized based on radiation
patterns of the surface wave after interacting with an anomaly such that the depth, approximate
size, and lateral location can be estimated.  Data for this kind of analysis are gathered in common
offset, shot gather, or common receiver format with patterns associated with point source, linear,
or volumetric changes in surface wave phase velocity characteristics enhanced with a variety of
filtering techniques.

The application proposed here will focus on surface waves with frequencies ranging from
2 to over 60 Hz. Frequency and phase velocity are important characteristics of surface wave data
considering their direct correlation to depth of investigation.  An important consideration as well
for this application is its complete insensitivity to cultural noise and surface conditions (e.g.,
asphalt, grass, gravel, mud, etc).

RofractionITomogro[pky
Direct and refracted P-wave and S-wave arrivals will be analyzed using conventional

methods (Palmer,1981 ; Haeni,1986; Lankston,1990) and inversion techniques (Scott,1977;
Schneider et al.,1992; Ivanov et al., 2000).  Use of direct and refracted arrivals for mapping
distinct velocity contrasts between layers has been in routine use for everything from crustal
seismic research (Steinhart and Meyer,1961) to shallow groundwater studies (Haeni,1978).  It is
an established, proven technique whose limitations are well documented (Soske,1954; Sander,
1978).  Methods to approximate solutions when physical conditions violate assumptions of the
refraction method (Mooney 1981 ; Redpath 1973) are known.  Recent research incoxporating
refraction inversion with shear-wave velocity calculations from surface wave data has provided
encouraging results, which seem to be insensitive to the velocity reversal problem and converge
to a more accurate solution of the earth Vp, Vs, and layer geometry (Ivanov et al., 2000; Ivanov,
2002).

Tomography has been used to solve many subsurface problems (Peterson et al.,1985;
Cottin et al.,1986; Lytle and Dines,  1980; Kilty and Lange,1990).  A tomographic technique
(Joint Analysis of Surface Waves and Refraction [JASR]) incorporating inversion of first arrivals
with an initial model from S-wave velocity profiles from surface wave data (Ivanov, 2002) pro-
vides 2-D Vp sections at the sane resolution as equivalent MASW Vs sections and with tighter
convergence than other first arrival inversion techniques. The simplicity of acquisition and
computations make tomographic analysis especially attractive for velocity estimation using data
optimally acquired for surface-wave analyses.  Perhaps equally important is the inherent sub-
division of the earth into cells, fundanental to tomographic analysis. A true advantage to the
JASR method used here is its ability to reduce the non-uniqueness problem inherent in conven-
tional refraction and refraction tomography methods (Ivanov, 2002). This approach increases the
detail in resulting images and therefore improves the apparent resolution, and since calculations
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of vp are based on a cellular approach, correlations with the Vs grid cells calculated by MASW
are straightforward.  For this application, Vp can be estimated from JASR analysis without any
additional data acquisition over that necessary for the surface wave analysis. By incorporating the
shear wave velocity obtained during the MASW processing into Poisson's ratio estimations
convergence of the inversion for Vp models is much quicker with reduced error in the final
subsurface cell models.

Refoectionroifffractions
A properly designed and executed high resolution seismic reflection survey should be

capable of mapping all high-aniplitude reflectors separated by 10 in or more in the upper 200 in
at most sites.  Diffractions or scatter from bed teminations or point sources will be used as an
interpretative aid in defining the fault plane.  We will concentrate on:  1 ) generating high resolu-
tion (>100 Hz P-wave) signals, 2) optimizing spread deployment and acquisition for 2-D
imaging, 3) establishing the best equipment configurations and paraneter settings to maximize
signal-to-noise and resolution potential, 4) correlating P-wave reflections with other seismic data,
5) ensuring offset distributions appropriate for measuring the velocity from NM0 curves and
semblance analysis, 6) integrating well-established shallow high-resolution methods and
conventional approaches to 2]/2-D, 7) tailoring processing flows to optimize the accuracy and
spatial distribution of velocity analysis, 8) developing an accurate velocity function correlated to
borehole guided depth models, and 9) correlating compressional and shear wave velocities to
specific reflectors.  Proven high-resolution techniques will be used to design the data acquisition
parameters and detemine optimum equipment and methodologies (Steeples and Miller,1990).

PREVIOUS APPLICATIONS
Detecting anomalies at depths from 1.5 in to as deep as 100 in and non-invasively

measuring shear wave velocities to within 15% of borehole measured in a variety of near-surface
settings has been effective using the MASW method (Xia et al., 2000b).  By acquiring many
individual multichannel surface wave shot gathers each evenly spaced along a continuous
transect, a series of 1 -D shear wave profiles obtained by inverting surface wave dispersion curves
can be generated and displayed to represent the 2-D shear wave velocity field beneath the
transect.  The cell size of the shear wave velocity field depends on the frequency range of the
data and source spacing.  By contouring the shear wave velocity field, variations in earth
materials can be interpreted which are representative of anomalous subsurface.  As well, the
sane shot gathers can be processed to enhance disturbances in the propagation pattern of the
surface wave indicative of changes in the seismic properties of earth materials.

Several subsurface detection and delineation problems at uniquely different sites provide
empirical support for the utility of this method.

1)   Mapping bedrock at depth from 1.5 to 7 in was successfully accomplished at a site in Olathe,
Kansas (Figure 1 ).  Preliminary analysis of this site's hydrologic characteristics, based pri-
marily on borehole data, suggested that fractures and/or an unmapped buried stream channel
were influencing fluid movement along the drill-defined bedrock surface. High velocity
gradients within the shear wave velocity field were used as diagnostic of the bedrock surface,
while localized lateral decreases in the shear wave velocity below the bedrock surface were
considered characteristic of fracture zones or erosional channels.
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Figure 1. S-wave velocity contours at Olathe, Kansas site.
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Figure 2. Shear-wave velocity contours at Alabama site.
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2)   Delineating dissolution features beneath undisturbed alluvial overburden provided infoma-
tion integral to the design and construction of a power plant in Alabana (Figure 2).  Dissolu-
tion features intexpreted on shear wave velocity profiles were consistent with borehole data
and with other seismic data collected at this site.

3)   Subsidence features obscured by development and masked from other geophysical methods
by power line noise, mechanical noise, reinforced concrete, and requirements for non-
invasive methods were distinguishable on 2-D shear wave velocity field data.  Subsidence
features interpreted on data acquired through occupied houses in western Florida was
correlated with existing drill data and verified with by drilling based on interpretations of
those data (Figure 3).

4)   Pits and trenches were located at an old refinery site in eastern Illinois through coincident
analysis of phase and amplitude distortions on surface wave data with the 2-D shear wave
velocity field (Figure 4).  Pipes placed 1 to 1.5 in deep in trenches, infilled with native soils,
and then covered with asphalt produced a distinctive signature on surface wave data.

80               90              100            110            120            130            140            150

Station (ft)

Figure 3. S-wave velocity contours at a site in Largo, Florida.

Figure 4. Phase and amplitude distortions in the 2-D shear wave velocity field at a refinery site in Illinois.
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5)   A 6 ft deep steani tunnel located on the University of Kansas Campus was uniquely located
with it general shape delineated using surface wave wave field interference analysis (Figure 5).

6)   Turmels used for trafficking illegal aliens and contraband were detected after analysis of
wave scatter associated with anomalous subsurface materials.  Backscatter, either reflected or
diffracted, can be enhanced through processing focus the tunnel location based on apex of
surface wave scatter and depth from frequency correlations with wavelength and therefore
depth (Figure 6).

C=T==m=
1  in wide x 2 in hgiv
2.3 in deep

Figure 5. KGS tunnel test on the University of Kansas Carxpus.

Figure 6.
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Advantages of using the shear wave velocity field, calculated from surface waves to
detect, delineate, and/or map anomalous subsurface materials include the insensitivity of MASW
to velocity inversions and cultural noise, ease of generating and propagating surface wave energy
in comparison to body wave energy, and its sensitivity to changes in velocity.

OPERATIONS PLAN
Like all geophysical techniques, seismic methods are non-unique.  There are in most

cases several potential interpretations for each seismic image, anomaly, or wavefield phenomena.
To minimize the vast number of seismic events that could represent faulting and to improve the
confidence in data interpretations it will be essential to calibrate the methods over an area where
the fault is known to exist at similar depths and beneath similar overburden to areas targeted for
exploration.  Once the ``signature" of the fault plane can be established, extensive fault search
surveys can be conducted.

A near-surface fault has been napped in the study area using borehole-to-borehole and
shear wave seismic refraction analysis (Figure 7).  Previous researchers have noted unusual
difficulties with non-source generated seismic noise:  car and truck traffic on the highway, train
traffic, building demolition and construction, and the airplanes and helicopters from the airport
which borders the north western portion of the site. In addition, the buildings, parking lots, pipes,
walkways, and utilities restricted collection of seismic data. These features scattered the seismic
waves, masked the source generated seismic energy, and complicated the seismograms.  Since
scattered seismic energy is one indicator of faulting, uniquely separating fault related scatter from
surface and geologic noise was difficult.

Figure 7. Aerial photo of project site. The black line is the interpreted location of the fault.

Trenton, New Jersey Page 8 June 2004
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A multi-component full-wave field profile using a towed spread and two-component
seismic energy source will be performed as near a ground truth fault control point as possible.
Once the characteristics of the site can be correlated to borehole data, several continuous survey
lines will be acquired crossing the fault (interpreted as the black line going from Northeast to
Southwest on the photograph) such that 3-D characteristics of the fault plane can be identified
and mapped (Figure 7).  Source and receiver spacing will be at 1.2 in.  If the data quality is suffi-
cient, the source spacing will be moved out to 2.5 in while maintaining the receiver spacing at
1.2 in.  The lack of sensitivity to noise, characteristic of surface wave analysis, will be a signi-
ficant benefit at this site considering the difficulties previous researchers have had with cultural
noise using other seismic methods.

Acquisition of surface-wave data for the study proposed here will be consistent with the
roll-along method used in CMP seismic reflection surveying.  Data will be acquired along several
parallel profiles as near perpendicular as possible to the suspected trace of the fault.  Because of
the unique requirements of surface-wave measurement it will be necessary to use low frequency
sources and receivers deployed in a spread geometry consistent with 2-D high-resolution seismic
reflection surveys.  Data acquired for surface-wave analysis will also be used for tomography and
refraction studies.

Processing will involve the optimum 30 traces for each shot that will provide the most
accurate results during MASW processing.  These 30 trace gathers will be analyzed with Surf-
Seis (a proprietary software package from the Kansas Geological Survey that facilitates use of
MASW for continuous pro filing).  Each shot gather will generate one dispersion curve and will
be assigned a surface location corresponding to the middle point of the spread being analyzed.
Care will be taken to insure that the spectral properties of the t-x data (shot gathers) are con-
sistent with the maximum and minimum f-vc values (vc is the phase velocity of surface waves)
contained in the dispersion curve.  Shear-wave velocity maps generated along each profile line
will be optimized for resolution using several approaches whose purpose is to minimize smearing
resulting from variable wavelength averaging.  Wavefield maps will be generated based on
optimized source offset for depths of interest.

To increase the signal-to-noise ratio and to improve convergence during inversion, a new
technique called Filtering of Dispersive Seismic Event (FDSE) will be used to suppress higher
modes on some shot records (Park et al., 2002). This method removes higher modes throuch
filtering in the frequency domain and avoids the detrimental artifacts that are observed in disper-
sion analysis if higher modes are removed using time-domain muting.  Because Surfseis was
designed to invert fundamental mode Rayleigh wave energy only, inclusion of higher mode or
body wave energy can inhibit convergence.

Tomogra[Pky
Two-dimensional Vs cross-sections obtained from MASW analysis will be used to gen-

erate an initial inversion model for the tomographic inversion to Vp (Ivanov, 2002).  The initial
model will be iteratively optimized until the first arrivals predicted from modeling correlate with
the actual shot records.  Several inversion runs will be necessary using the initial model to con-
verge on conditioning parameters appropriate for this data set.  Fine-tuning of the initial model
was optimized on the previous data from this site when best-fit conditioning parameters were
used during preliminary analyses.

Considering the resolution requirements and redundancy in rays penetrating each
subsurface cell within the depth interval of interest, it will be essential that first arrivals be picked

Trenton, New Jersey Page 9 June 2004
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Figure 8. Ray tracings from a site in Arizona.

for all traces on every shot gather.  Ray tracing clearly demonstrates the effect the proposed
sampling distribution within the volume will have on the final velocity profile (Figure 8).

The final inversion results will be used as a quality control for first arrival picking by
analyzing the correlations between the model and observed data.  In some instances, secondary
first arrival analysis will be necessary to converge on a "good" solution. Additional quality
control will be achieved by verifying that the 2-D Vp/Vs data are reasonable.

Frequency Variable-Linear Move Out
A straight forward analysis technique that incorporated frequency variable linear move

out (FVLMO) and common receiver stacking on data acquired using CMP style roll-along
techniques provides subsurface seismic images sensitive to abrupt changes or discontinuities in
the seismic properties of rock layers.  The FVLMO method will be used to search for scattered
surface waves at frequencies and in locations consistent with the most probable location of the
fault plane.  Back scattered or reflected surface wave energy appears pronounced on shot gathers
moved out using a linear velocity as a function of frequency (Figure 6).  Voids or tunnels

8-.             Surf8c¢ Locatl®b (in)

Cifee' (in)
10    20    sO    40    50     cO    70

Trenton, New Jersey

FV-LMO                    io  2o   3o  ¥ct5(om)6o   7o

Figure 9.
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significantly smaller in the vertical dimension than would be suggested detectable with seismic
techniques are clearly observed on data processed using FVLMO (Figure 9).  Considering the
extreme horizontal dimension and the 3-D characteristics of surface waves this polarization
effect is consistent with theory and will produce an even more dramatic effect when encountering
a fault plane.

OBJECTIVESDELIVERABLES
The objective of this applied research project is to evaluate the effectiveness of and

modify, if necessary, seismic imaging technologies to target fault planes at depths less than 50 in.
This study will include both a calibration component and exploration phase.  The calibration part
will capture the fault "signature" and identify any unique seismic characteristics.  Exploration
activities will involve the search for subsurface expression of the fault plane around the site.  It
will be the prime objective of this research program to detect where the fault is and where it is
not.  h rank order the following goals will be strived for:

1)   to evaluate the potential, in general, of seismic imaging in this setting,
2)   to discriminate the faults seismic signature in an area where the fault is known to

exist,
3)   to detect the fault plane without the benefit of other information (blind test),
4)   to delineate the aerial extent and footprint of the fault in the target area,
5)   to identify a generic seismic "signature" for fault planes in this kind of setting, and
6)   to develop/modify seismic methodologies for locating fault planes of this type at other

sites.

Establishing an understanding of the potential of shallow seismic imaging techniques in this
setting would be a reasonable accomplishment.  However, success will be based on the
effectiveness and confidence with which the fault plane can be located and extrapolated.
Confidence in the methodology will be enhanced if the fault planes 3-D expression can be
delineated without the benefit of other geologic or geophysical data.
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IH.      RESPONSIBILITIES

The responsibility for employee safety rests with each employee's respective employer.  This
plan, therefore, applies only to KGS for the survey activities.  Each employee of KGS will strive
to identify and mitigate any safety hazards encountered.  All parties will cooperate in working as
safely as possible and will comply with all applical]1e safety requirements as set forth by USGS
as well as those included in this document.

In addition to the safety procedures indicated herein, we will adhere to the following:

1.     In the event ofelectrical stoms in the vicinity, all surface operations will cease if lightning
strikes are closer than three miles (determined by 15 second count between lightning and
thunder).

2.     Ifconditious become excessive (i.e., temperature > 100° < 30° F), continuous day operations
wwill be modified to minimize chances for heat-or cold-related medical problems.  Breaks of up
to one hour after every hour of work might be necessary in extreme situations.  Maximum
hydration of staff will be strived for at all times.

3.     Appropriate field boots will be worn and due caution will be exercised with respect to
snakes, ditches, swampy areas, and ground debris.  Steel toes will be worn by all field crew
members.

4.     Safety glasses will be worn by crew members when operating vehicles or sources.

5.     At least one gallon offresh water will be on hand at the beginning of each day for each crew
member.  An ice chest for keeping foodstuff cold and an ice chest for medical use in case of
injury or overheating will be available on-site.

6.     In the case of excessive cold wcather, a sheltered area will be availatle with inside tempera-
tues above 32° F.

7.     The seismic crew will operate with an established protocol for initiating seismic sourees.
The safety plan will be approved by the USGS Representative prior to initiation of field opera-
tions.

8.     Appropriate drivers licenses will be held by operators of vehicles at all times q{DOT regu-
lations).

9.     All explosive or flammable materials will be properly stored and labeled in accordance with
KDOT regulations during transport.

10.   High pressure systems will be identified and will be maintained to meet or exceed manufac-
turer' s specifications.
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Safety

NAWC is classified as a Hazardous Site because of the contanination. Drilling into the
contamination plume, sampling water that is contaminated, installing and removing
instrumentation from contaminated wells or streams, or any other activity that is deemed
potentially hazardous requires an OSHA approved 40 hour hazardous waste training course and
the 8 hour refresher course ®er OSHA 29CFR 1910.120).
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IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.     Rick Miller q£GSLsite safety officer

2.     David Laflen (KGS)-Operations

3.     John Lane (USGS)-Technical Representative

4.     Pierre Lacombe (USGSLsite Representative
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Safetv Meeting at Survev Site Date:

I      Environmental hazards (heat, plants, animals [snakes, etc.])

E      Vehicle safety (road travel, waming signs, traffic control)

I      Civilian/bystander safety (safe distances, visitor check-in)

E       Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

I      Emergency procedures (injuries, property damage, potential problems)

I      Equipment hazards (safe use ofATV, loader, augers, etc.)

I      First Aid (heat stroke, frostbite, animal bites, etc.)

The following people were present today:

Nane (PRINn                                 Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

I      Environmental hazards (heat, plants, animals [snckes, etc.])

H      Vehicle safety (road travel, waming signs, traffic control)

I      Civilian/bystander safety (safe distances, visitor check-in)

H       Site requirements (PPC) (gloves, hats, boots, hearing protector, safety glasses)

I      Emergency procedures (injuries, property damage, potential problems)

I      Equipment hazards (safe use ofATV, loader, augers, etc.)

I      First Aid (heat stroke, frostbite, animal bites, etc.)

The following people were present today:

Name (PRINn                                  Company Signature

Site Safety Officer
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V.        EMERGENCY INFORMATION

New Jersey State Patrol

Police/Ambulance: 91 1 : Police/fire disoatch

Lod8in8-
Marriott Courtyard Ewing Hopewell  (609) 771-8100     r360 Scotch Road Ewing. NJ 08628

By Car to USGS office
Drive to Interstate 95 (about 4 miles north of Trenton NJ)
Take Exit 2 off I-95 (about 2 miles east of the Delaware River)
Turn North onto Bear Tavern Road; drive 500 ft to Traffic Light
Turn Right into Mountaln View Office Pack
USGS is in Building 810, 2nd Floor

By car to NAWC Toxics Site from USGS office
Leave USGS Parking lot
At traffic light make a LEFT
Drive About 1 mile to 2nd Traffic Light near a 7-11 convenience store
At traffic light make a LEFT
Drive about I/2 mile NAWC on Left Hand side of Road
If entrance is locked turn around drive toward the 7-1 1
Take first RIGHT onto Jack Stephens Way
Take first RIGHT into gravel parking lot
Building is the Air Stripper building operated by Foster Wheeler for NAWC

USGS Emergencv Contacts

Pierre Lacombe office phone 609 771-3942
Pierre Lacombe home phone  609 499-1922
USGS office phone    609 771-3900
USGS office Fax   609 771-3915
E-mail  I)lacombe@,usgs.gov
U.S. Mail: USGS, 810 Bear Tavern Road, West Trenton, NJ 08628
Supervisor: Otto Zapecza, ph 609 771  3995; e-mall ozaoecza@,usgs.gov
Assistant District Chief:  Tony Navoy
District Chief:  Richard Kropp

KGS Emergency Contacts

Safety Coordinator and Proj ect Manager
Rick Miller, Kansas Geological Survey

Cellular (in the field):  785-766-8638

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:   785-864-2109
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Emergencv Routes

A list of hospitals (incl. addresses and phone numbers) within ~8 miles of hotel and NAWC site.

Sorted  by:  Distance

1) Trenton Psychiatric HosD
Route  29  & Sullivan  Way,  West Trenton,  NJ
609-633-1500
2.22  Miles  away

2) CaDital Health System
446 Bellevue Ave, Trenton,  NJ
609-394-4000
3.03  Miles  away

3) Mercer Adult Day Care Ctr
433  BellevueAve,  Trenton,  NJ       -
609-394-4387
3.05  Miles away

4) Capital  Health System
750  Brunswick Ave, Trenton,  NJ
609-394-6000
3.42  Miles  away

5) St Lawrence Rehabilitation Ctr
2381  Lawrenceville  Rd,  Lawrenceville,  NJ
609-896-9500
3.75  Miles away

6) Division of Mental Health Svcs
50  E State St, Trenton,  NJ
609-777-0686
3.89  Miles away

7) Mercer County Suraerv Ctr
3120  Princeton  Pike,  Lawrenceville,  NJ
609-895-0290
4.56  Miles away

8) St Francis Medical Ctr
601  Hamilton Ave, Trenton,  NJ
609-599-5000
4.73  Miles away

9) Centro Medico
735  Hamilton Ave, Trenton,  NJ
609-599-4318
4.80  Miles away

10)  Pettis,  Larrv MD
735  Hamiiton Ave, Trenton,  NJ
609-599-2550
4.80  Miles away

Trenton, New Jersey Page 20

11) AIDine Medical
2068  E Wellington  Rd,  Newtown,  PA
215-860-7396
5.40  Miles  away

12)  Bromedicon
201  Floral  Vale  Blvd,  Yardley,  PA
215-860-0100
5.58  Miles  away

13) Frankford Hospitals-Bucks Cntv
380  Oxford  Valley  Rd,  Langhorne,  PA
215-949-5000
6.41  Miles  away

14) Frankford Hospital-Bucks Co215
380 Oxford  Valley  Rd,  Langhome,  PA
215-949-5000
6.42  Miles  away

15)  H  P G At Niaht
1601  Whitehorse  Mercerville  Rd, Trenton,  NJ
609-587-7347
6.87  Miles away

16) 50 Plus club
1  Hamilton  Health  Pl, Trenton,  NJ
609-584-2582
7.54  Miles away

17) Poor Circulation Treatment Ctr
2  Hamilton  Health  Pl, Trenton,  NJ
609-890-8842
7.54  Miles  away

18) Women Ctr At I.Iamilton  Regional
1  Hamilton  Health  Pl,  Trenton,  NJ
609-631 -6831
7.54  Miles away

19)  Robert Wood Johnson LJni\/ersity
1  Hamilton  Health  PI, Trenton,  NJ
609-586-7900
7.55  Miles away

20)  Pennacchi, John  MD
2575  Klockner Rd, Trenton,  NJ
609-631 -6960
7.68  Miles away
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Procedures

Accidents/Injury:  If any serious injury does occur, the appropriate authorities shall be notified
immediately.  All accidents will also be reported.

Several members of the KGS crew have certification in CPR/First Aid.  This certification was
received through participation in the `Tirst Aid Basics" and "Adult CPR" programs presented by
the Red Cross of Lawrence, Kansas.  These classes are approved by the U.S. Department of
Labor, Mine Safety, and Health Administration and meet or exceed OSHA requirements.  OSHA
certificatious are provided by EPIC Training and meet or exceed 29 CFR 1910.120.

The following persons are certified as indicated (strikethrough denotes no certification):

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

40hr OSHA       Rick Miller

40hr OSHA       David Laflen

Fire/Exi)losion:  Upon notification of a fire or accidental explosion on site, the fire department or
aappropriate first responders shall be notified and all personnel shall leave the area.  Since only
Class "C" shotgun ammunition will be used as part of the program, local fire, police, and other
governing authorities will not be contacted prior to the use of such devices on-site.  On-site
USGS demolitions personnel will manage and respond to any situation.  If class "A" explosives
were used, prior consultation and contact would be made with the appropriate emergency
respense groups.

At least one KGS vehicle will be on-site during the performance of all work.  This vehicle will
be used for medical evacuation of project personnel, if necessary.

Pfr!±±j±§:  All necessary and appropriate permits, fees, and licenses will be obtained by USGS,
with copies availal]le on-site for inspection by local authorities.
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VI.       TASK SPECIFIC HAZARDS

The purpose of the geophysical investigation is to acquire seismic data that can be used to
extract key physical properties of the near surface.

Sledgehammer
The sledgehammer is a well understood and available source of acoustic energy.  The

sledgehammer will be used with a hard-wire time break and will be operated by physically
capal]le KGS staff members.  An area twice the length of the hammer handle will be cleared prior
to use.  The hammer will be 1) raised above the operator's head using a two-hand grip,
2) accelerated with full arm extension toward the ground, 3) contact striker plate with hammer,
and 4) lifted into split two-hand cany grip.  Activities such as changing broken handles and
attaching new harrmer switohes should only be done by experienced KGS staff.  A minimum
clear area directly in front of the operator of at least 25 ft must be maintained in case operator
loses grip on hammer or hammer head breaks free from the handle.  Gloves, safety glasses, steel
toed boots, and hearing protection are required for operating this source.

Weight Drop
The accelerated weight drop is a high energy, hydraulically operated source.  All moving

parts are shielded and designed to minimize risk of injury to operator and bystanders.  By its very
nature the weight drop represents a hearing danger.  The source is powered by a standard
commereial skid-steer loader.  A single operator runs the device from inside a protective cage.
Operation simply requires 1 ) the base plate to be placed on the ground and loader/weight drop
weight applied for hold down, 2) idle at low rpm and initiate the hydraulic value (foot control in
operator cage), 3) weight is raised ngainst resistive foroe (rubbefband), 4) dropped once maxi-
mum pre-set height is reached, and 5) source is hydraulically lifted and carried to next shot point
by tracked loader.  The souroe is sufficiently shielded that only in a very unusual situation will
pieces of the source come free from the source and represent a threat to safcty.  By maintaining a
minimum 30 ft for hearing safety, the danger of fragments is all but eliminated.

General
Field operations will consist of geophysical investigations to determine the effectiveness

of shallow seismic survey methods at this site to delineate the structures and stratigraphy.  The
introduction of acoustic energy into the ground in a controlled fashion involves equipment or
material with the potential to do harm if not properly handled and operated.  Good common
sense, training, and experience are the rule for seismic field operations.  These can usually be
easily accomplished if manufacturers' operating and use instructions are followed.

The field investigations will involve proj ect personnel performing gcophysical surveys
of the study area utilizing the aforementioned explosive, impacting, and vibratory seismic
sources.  The principal hazards associated with the use of sources mentioned here consist of
handling or moving the equipment, improper use, fragments from high velocity impacts, and high
sound levels.
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vll.    ALcoHOL AND DRUG roLlcy

The Uhiversity of Kansas (of which the KGS is a part) is a drug and alcohol free work-
place with stringent controls and penalties associated with the use and distribution of controlled
substances and alcohol in the woriaplace regardless of whether it is at a remote field location or
on campus. The Uhiversity of Kansas and Kansas Geological Survey consider alcohol and drug
use (non-doctor prescribed) while "on-duty" a health and safety risk. The following section
details the University and Survey policy as it relates to drug and alcohol abuse and misuse,
enforeement of policies, and penalties for violating those policies.

Po»cy on Prevention of Illegal Drug and Alcohol Use on Campus and in the Workplace
The University of Kansas prohibits the unlawful possession, use, manufacture, or distri-

bution of alcohol or drugs by students and employees on its property or as part of its activities.
The University is committed to a program to prevent the illegal use of dmgs and alcohol by
students and employees. Any student or employee found to be using, possessing, manufacturing,
or distributing controlled substances or alcohol in violation of the law on University property or
at University events shall be subject to disciplinary action in accordance with applicable policies
of the State of Kansas, the Board of Regents, and the University of Kansas. For employees, the
University will take appropriate personnel action for such infractions, up to and including termi-
nation. Students who violate this policy will be subject to sanctions, which include suspension
and expulsion from the University.

As a condition of employment, all employees of the University of Kansas shall abide by
the terms of this policy statement and will notify the University of any criminal drug statute
conviction for a violation occurring in the workplace no later than five days after such convic-
tion. The University will, in turn, notify as appropriate, the applicable federal agency of the
conviction within ten days of receipt of notification of the conviction. The University will initiate
personnel action, up to and including temination, within thirty days of receiving notice of such
conviction. Employees may also be required to satisfactorily participate, at their own expense, in
a drug abuse assistance or rehabilitation program before being allowed to return to work. For pur-
poses of this policy, "conviction" means a finding of guilt (including a plca of nolo contendere)
or imposition of sentence, or both, by anyjudicial body charged with the responsibility to
determine violations of the federal or state criminal drug statutes.

hisas Law
Students and employees are reminded that illegal possession or use of drugs or alcohol

may also subject individuals to criminal prosecution. The University will refer violations or pro-
scribed conduct to appropriate authorities for prosecution. Kansas law provides that any person
who violates the criminal statutes on controlled substances by possessing, offering for sale,
distributing, or manufacturing opiates and nareotics, such as cocaine and heroin, shall be guilty
of a drug severity Level 3 felony. For a conviction of such a felony, the court may sentence a
person to a tern of imprisonment in accordance with the Kansas Sentencing Guidelines Act and
a fine of up to $300,000. Unlawful possession of a depressant, stimulant or hallueinogenic drug
is punishable as a Class A nonperson misdemeanor, with a penalty of imprisonment and a fine of
$2,500. Dapressants include bafoiturates, Valium, and barbital. Hallucinogens include LSD,
marijuana, and psilocybin. State law classifies anphetanines and methanphetanines as stimu-
lants. Kansas statutes also provide for criminal penalties for conviction of certain alcohol-related
offenses. These penalties include imprisonment of up to six months and fines of ap to $1,000.
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Federal Law
The Federal Controlled Substances Act provides penalties of up to life imprisonment and

fines up to $4,000 for intentional unlawful distribution or possession with intent to distribute
controlled substances. For unlawful possession of a controlled substance, a person is subject to
up to twenty years of imprisonment and fines up to $5,000. Any person who unlawfully distrib-
utes a controlled substance to a person under twenty-one years of age or who distributes a con-
trolled substance on or within 1,000 feet of the University may be punished by up to twice the
tern of imprisonment and fine otherwise authorized by law.

Health RIsks
Accidents and injuries are more likely to occur if alcohol and drugs are used on Univer-

sity property or as part of university activities. Every year in the United States, over 200,000
people are treated in hospitals for drug-related accidents and mental and physical illness; another
25,000 die every year from drug-related accidents or health problems. Ding users can lose
resistance to disease and destroy their health. Drug tolerance and psychological dependence can
develop after sustained use of drugs. More specifically, physical dependency, heart problems,
infections, malnutrition, and death may result from continued high doses of alnphetanines.
Chronic use of narcotics can cause lung damage, convulsions, respiratory paralysis and death.
Depressants such as tranquilizers and alcohol can produce slowed reactions, a slowed heart rate,
damage to liver and heart, respiratory arrest, convulsions, and accidental overdoses, because the
abuser is unaware of how much the drug or alcohol has been taken. Use of hallucinogens may
cause psychosis, convulsions, coma, and psychological dependency.

Alcoholism is the number one drug problem in the United States. Alcoholism takes a toll
on personal lives by affecting finances, health, social relationships, and families. It can have
significant legal consequences. Abuse of alcohol or use of drugs may cause an individual driving
a motor vehicle to injure others and may subject the abuser to criminal prosecution. Drunk
drivers are responsible for more than half of all traffic fatalities.

Counse]ing & Treatment Resources
At the University of Kansas, alcohol and drug counseling and treatment are available to

students at the University Counseling and Psychological Services, Watkins Health Center, and
the Psychological Clinic. The Student Assistance Center and the University hfomation Center
are excellent sources for information about University and community resources for counseling
and treatment. The Health Education Department of watkins Health Center can provide further
information about health problems and treatment related to alcohol and drug problems.

University employees may contact the Counseling and Psychological Services and the
Psychological Clinic for counseling and treatment. Faculty and staff members may also contact
the State LIFEline, a 24-hour toll-free assistance line (1 -800-284-7575) for a referral. If referred
through the LIFEline program, the first counseling session is paid by the State. Please refer to
page 63 for additional resources.

Definitions
The term "controlled substance" as used in this policy means those substances included in

Schedules I through V as defined by Section 812 of Title 21 of the United States Code and as
further defined by the Code of Federal Regulations, 21 C.F.R.1300.11 through 1300.15. The
tern does not include the use of a controlled substance pursuant to a valid prescription or other
uses authorized by law.
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The term ``alcohol" as used in this policy means any product of distillation or a fermented
liquid which is intended for human consumption and which is more than 3.2% alcohol by weight
as defined in Chapter 41 of the Kansas statutes.

Policy on Substance Abuse
The University recognizes that problems related to the abuse of substances such as

alcohol and drugs may be resolved through cooperation between the employer and the affected
employee. The policy set forth here for handling substance-abuse problems is intended to
enhance cooperation and to protect both the individual and the University.

The University has a right to expect that employees will perform their jobs appropriately
and to insist that job-perfomance standards be met. The University may properly intervene only
when impaiment affects job performance.

•    These problems are defined as those in which an employee's use of alcohol or drugs has
become part of a pattern of deteriorating job performance.

•     This policy does not supersede any regulations or standard administrative practices
applicable to job performance requirements.

•    It is the employee's right and responsibility to seek professional assistance for a
substance-abuse problem.

•     All employees, especially department chairpersons and supervisors, should work to
engender an enlightened attitude toward and a realistic recognition of the nature of
substance abuse and to encourage employees to take advantage of available treatments
whenever needed.

•    Responsibility for implementing this policy rests with all department chairpersons and
supervisory persormel. Procedures must be followed to assure that no employee with a
substance-abuse problem will have his or her job security or promotional opportunities
jeopardized by a request for diagnosis and treatment.

•    A chairperson or supervisor may wish to consult with a professional in the treatment of
s;hostarNce-ah;hnyseWITHOUTIDENTIFYINGTHECONCERNEDEMPLOYEEbedore
attempting intervention with the employee.

•    Before attempting intervention, a supervisor of classified staff should discuss with his or
her own supervisor and the Department of Human Resources the rules and requirements
protecting the rights of the person believed to be suffering from alcoholism or drug abuse.

•    Departmental chairpersons and supervisors should not attempt diagnosis. When an
employee's job performance is deteriorating and there is reason to suspect that the source
may be the use of alcohol or drugs, the chairperson or supervisor will meet infomally
with the employee, make an appropriate referral to a professional agency and encourage
him or her to seek help for the problem. At this meeting, a date will be set by which
improvement in job perfomance will be assessed.

•    The employee is responsible for complying with the referral for diagnosis and for
cooperating in any prescribed treatment. He or she should be assured that the referral
agency will treat all discussions with strict confidentiality. (Most agencies will, with the
consent of their client, report to a supervisor that the client has followed up on a referral.)

•    Between the time of the meeting and the date set for assessing improvement injob
performance, the chairperson or supervisor will continue to monitor the performance but
will in all other respects leave the initiative for further discussions to the employee.
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•    If, by the date set at the first meeting, the employee's job performance has improved to an
acceptable level, no further official action is required.

•    The university expects that employees with a possible problem of substance abuse, even
in its early stages, will be encouraged to seek diagnosis and trcatment. The employee
should be assured that seeking help will not interfere with job status, promotional
opportunities or other privileges.

•    If thejob performance remains below accepted standards and the employee has refused to
accept diagnosis and treatment, or has failed to respond to treatment, the chairperson or
supervisor should suggest that he or she use one of the oz7fz.our czvczz./¢b/e fo czw e77ez7/ovee
wz./A cz# i.//#ess that interferes with job performance:
a.    Bez.7cf z7/czced o# sz.ch /eczve. This option is for those with accrued leave. It would allow

the employee to enter an inpatient treatment center and adopt a treatment program.
Under this option, a written plan should be developed between the staff member and
the University and properly executed by the chairperson or supervisor in consultation
with Human Resources. The plan will spell out apecifically the terms of the em-
ployee's return to his or her duties at the end of treatment (e.g., how the University is
to be informed of the progress made in treatment and the appropriateness of a return
to duty and how job performance is to be assessed).

b.   Being granted a leave Of absence without pay for up to twelve months. This aphon is
for classified employee;, upon approval of the Department of Human Resources.

c.    rczke.72g eczr/v refj.reme#f. This option is for those otherwise eligible. It is, of course, a
drastic solution for both the individual and the University.

d.   jtesz.g7#.#g. If a classified employee can make no progress, recommendations to
demote or dismiss are to be submitted to the Department of Human Resources for
review and action.

Infomation revealed by the employee while receiving professional services will remaln
confidential and separate from University employee records. All record-keeping and access
procedures will meet the federal regulations governing the confidentiality of patient records and
the state law protecting treatment records.
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VIII.   ACTIVITY HAZARE ANALYSIS

AL.        W ark Lto:in::.  Traf f i.c control

All regulation concerning rightrof-way and traffic directions will be observed.

specific Hazards-The apecific hazard involves accidents with vehicular traffic within the survey
area.

Control Measures-All personnel will minimize activity along trafficked roadways to the extent
possible.  Traffic cones will be used to identify and buffer the work area with respect to on-
coming traffic.  Care will be used while working on or around driveways.  If appropriate, signs
and/or flagmen will be used to alert and slow traffic through the survey area.

8.        Work Ttom..  Accelerated weight Drop

The accelerated weight drop (AWD) generates
acoustic energy by accelerating a 50 to 100 lb weight
through a 2 ft stroke impacting an 1 8 in diameter steel
plate held to the ground surface by the weight of a skid-
steer style loader.  The weight is accelerated within an
enclosed steel guide.  The drive mechanism consists of a
hydraulic motor turning a set of sprockets that deliver
power to a cycling lift arm that pulls the weight against
the resisting force of an industrial rubber band.  Simply

envisioned, this device is analogous to a sling-shot.  AIL moving parts are shielded, with the
contact area between the weight and plate sufficiently enclosed to avoid and possibility of debris
becoming airborne and representing a risk to the operator or bystanders.

Control Measues
1 ) The operator wears hearing proteetion (30 dB down) while the loader is running.
2) No bystanders can be within 30 ft of the device while it is in operation and within 50 ft

without hearing protection.
3) All shields are to remaln in place while in operation.  Routine maintenance, requiring

removing shields, can take place only when the loader engine is off.
4) The operator can exit the vehicle only when the weight drop is in the full down position and

solid contact is made with the ground surface.
5) Operation of the loader will be consistent with those published in the owner manual of the

Case 1225 UniLoader.
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C.        Workltem..  All Terrain vehicles (ATVs)

ATVs that could be on site include the 4x6 John
Deere Gator and three Polaris 4x6s.  These ATVs all
serve a very specific purpose and are critical to smooth
and efficient operations.  The ATVs never obtain
speeds in excess of 15 mph and therefore do not
represent risk of injury due to excessive speeds.  The
tip-over potential is minimized by the 6-wheel design
of the vehicles, but tip-over potential does exist.  Care
is always taken to properly load the vehicles and only traverse grades within the acceptable limits
of the vehicle as defined by the manufacturer.

1) The Yamaha has a specially designed cable winding device (not used for this survey).  The
Yanaha has a Power Take-Off that is used to power a winding device mounted on the front of
the vehicle and is used for the rolling of seismic cable.  Operation of the PTO requires the
operator to be on the seat and traveling in the lowest speed range (this is controlled by safety
overrides that "kill" the engine when these conditions are not met).

2) The §afgl is designed to cany the seismograph and 12-volt batteries.  This vehicle never
travels more than 10 mph and spends over 99°/o of its time parked along the survey line.

3) The Eg!a±j§ is the primary work horse of the ATVs.  It transports cables and geophones in a
3x3 steel box mounted behind the seat.  The vehicle has 6 wheels with 4 drive wheels.  The 6-
wheel design makes the vehicle very stable with a large safe payload capacity (>700 lbs).  This
vehicle never travels more than 15 mph and is therefore at low risk of injury from excessive
speed.

Safetyspecifics:

Every ATV operator shall possess a valid state driver's license and shall have completed an ATV
training course prior to operation of the vehicle.

The manufacturer's recommended payload shall not be exceeded at any time.

Gloves and an approved motorcycle helmet with full face shield or goggles shall be worn at all
times while operating an ATV.

ATVs are to be used off-road only (no paved road use).

ATVs shall be driven during daylight hours only.

Only ATVs with four or more wheels are permitted to be used.

Passengers are prohibited on ATVs.

All ATVs shall be equipped with a waming signal device (horn).
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D.       WorkTtom:.  Slide Hammer and sledgehammers

specific Hazards-Uncontrolled swing and fragmenting of hammer or plate.

Control Measuresconly experienced operators, power hammer into ground at a controllal>1e
level, no bystanders within the distance of two hammer handle lengths side-to-side and behind
and 25 ft in front.
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IX.       TRAININ G

At least one KGS personnel working at the site in connection with the project shall have
received hazardous waste worker training in accordance with 29 CFR 1910.120(e), be certified in
First Aid, and CRP trained.  This includes 40-hour initial training and yearly 8-hour refresher
training.  All KGS personnel will have appropriate experience and training with each source,
vehicle, and method used.

X.        PERSONAL PROTECTIVE EOUIPMENT

Personal protective equipment ¢PE) protects employees from the hazards and potential
hhazards they are likely to encounter as identified during previous site characterization activities.
PPE consists of a combination of protective clothing and respiratory protection equipment.
Selection of PPE is based on an evaluation of the performance characteristics of the PPE relative
to the requirements of the site and the task specific conditions and duration.  The level of protec-
tion is upgraded when site monitoring or conditions indicate that increased protection is
necessary to reduce employee potential for exposure.

Based on the available information assessing the current condition of the sites, minimal
skin protection is required for general access.  The prescribed working uniform for all persormel
engaged in activities related to the project is a modified EPA level D and shall consist of:

Long-sleeved shirts and full-length pants
Leather steel toed safety boots
Hard hat* (only necessary for certain operations)
Eye protection
Hearing protection as required by OSHA for certaln tasks (identified by work item)
Orange vests along roadways (unlikely necessary for this project)

No respiratory protection equipment is required.  At the present time based on all avail-
al]le information, the atmosphere contains no known hazards.  There is no expected potential for
inhalation or contact with hazardous levels of any chemical.

Added protection from the sun and insects might be necessary.  All workers will be
encouraged, but not required, to use sunscreen and insect repellant.  These protective chemicals
will be availalble for use on-site.

XI.       SAFETY ANALYSIS

The analysis list on the following two pages postulate hazards, consequences of those hazards,
and the means of prevention or mitigation of each hazard associated with this survey activity.

*When operating sledgehammer, slide hammer, 30.06 projectile, and auger gun.
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XII.     ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated and determined minimal ("small
footprint') at more than six U.S. Government facilities (Y-12 0RNL, Oak Ridge, TN; WAG-10,
ORNL, Oak Ridge, TN; Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test Site, Las
Vegas, NV; Fort Ord, CA; Berkeley Nat'l Lab, Berkeley, CA; INEL, Idaho Falls, ID) as well as
multiple BLM and DOD sites.

XIII.   REFERENCES

Applical]le portions of the following documents form the basis for this safety plan.

From the United States Department of Energy:
DOE Order 5480.16, Fz.re¢7':ffcs S¢/edy.
DOE I.apart DOBIEN106194-3, DOE Explosives Saifety Manual.
ID Appendix 0550, Sf¢#dczrd Qper¢fz.o#¢/ Stz/edy Reg#z.re#ee#ts, Part Ill, Subpart I, ``Explosives"

From the United States Department of Defense:
DOD cO55 .9-STD, Ammunition and High Explosive Sofety Standards
AR:385-63 , Sofety Policies and Procedures f;or Firing Ammunition for Training, Target

Practice, and Combat
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Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I     If yes, name(s) ofinjuredperson(s):

Uninjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagram if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999



®

®

®
®

®

®
®

®

®
®

®

®

®
®
®
®

®

®

®

®

®
®

®
®

®

®

®
®
®

®
®

Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I      If yes, name(s) of injured person(s):

Uninjured person(s) involved in incident:

Other witnesses (not involved) :

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagram if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999
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Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

Was anyone injured?  Yes I    NO I     If yes, name(s) ofinjuredperson(s):

Uninjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

Narrative of what happened (continue on reverse of this page and draw a diagrani if it helps
explain what happened) :

Site Safety Officer

KGS  05/1999
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hRo,mci:er(eff;,iE,:Amirtstor
First Aid Basics

Dougffsn8L;C#fyb€hapter

Date completed  a 3J02 loll
The American Red Cross recognizes this cer[ificale

asvdid for    3        year(s) from completion date.

has completecl the requirements for
First Aid Basics

Dougica°sn€Ldatftdybdiapter

Di\te completed  a S|02|Oq
The American Red Cross recognizes tis certificate
as valjdfor    3         year(s)  fromcompletion drle.

This recognizes that

!£pEedRAe!etulrEekfor
Adult CPR

condiicted by
Douglas Courty Chapter

D,z\te completed oe>|ca| oq
The American Red Cross recognizes '(his certifica(e

as whd for one     year(s) from completion hare.

has completed the requirements for

Adult CPR

conducted by
Douglas Corty Chapter

D.ate completed 09 |02Idy
The Amei.icon Red Cross recognizes this certificate

as.valid foi.                yeai.(s)  from completion date.
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Employee Name:

MEDICAL EVALUATION FORM

Kansas Geological Survey
1930 Constant Avenue
Lawrence, KS  66047

DateofExam:_5_=€Q-¢_7

I have reviewed the results of the medical health history, physical examination, and
laboratory tests prescribed for an ( initial / annual / exit) exam and certify that the
record ( is / is not ) complete.

Clearance for Hazardous W.aste Site Work

As per OSHA Hazardous Waste Operations and Emergency Response Standards (29
CFR 1910.120), this individual was examined for medical conditions that would place
him/her at an increased risk of material impairment of health from hazardous waste
site work.  Based on this examination I certify that this individual:

•E

Comments:

has no medical contraindications to full participation in hazardous waste
site work, when conducted under the conditions of adequate training and
a health and safety plan.

has medical limitations that restrict full participation in hazardous waste
site work.  (Describe work function limitations, i.e. hiting, temporary
limitation, pending medical follow-up work, etc.)

is medically restricted from any direct work with hazardous waste or
hazardous waste sites.  (Describe work limitations.)

Name of Physician:

Address:

Please P

€oo   Rc`c,i Date:
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TRAINING OUTLINE FOR USE OF SEISMIC GUNS
"GOOD GUN SENSE"

I.         Handling (always assume loaded and ready to fire)

A.       Transporting (vehicle, on foot, etc.)

1.          In field:

Always point down or away from populated areas
Always avoid lodging foreign material in barrel
Never strain to carry, get a second person
Never assume anything

2.         To and from site and storage:
Must be storage in a metal locked container
Must be stored with bolt and gun in separate locations
Must be completely broke down and cleaned prior to storage
Access to guns and ammo must be limited to trained personnel only
Live rounds caLnnot be stored closer than 5 ft from guns

8.        Cleaning

1.          Daily:

Must be inspected for unusual wear, signs of metal fatigue, or struc-
tural weakness at the beginning and end of each days service

Bolt and breech must be oiled and check for mechanical operation
At the end of each 1/2 day service the barrel will be carefully inspected

and checked for signs of fatigue.
The bolts that secure the gun to the protective steel plate are checked at

least 3 times a day.

2.          Seasonal :
R/R springs in extraction system and those associated with the firing

rod
R/R bolts and nuts that attach to protective steel plate.
R/R mounting bracket as necessary
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C.        Firing

1.         Assumptions

NONE

2.         Never  Do's
Move from downhole placement with shell in chamber
Gun loaded with no one standing on plate
With one person on plate
With knees locked
ExtraLct a shell in less than 2 minutes that does not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters



March   24,    1987

llANDATORY    SAFETT    RULES     FOR    USE    0F    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun  is   powerful  and  must   be   securely   posi[ioned  when
fired.     Danger  exists   not   only  with   the   bullet   projectile,   t]ut  also  with   the
recoil  of  a   loose  gun.     Be   sure   that  all  m6unting   bolts   are   tight.     Never
scrlke   the  gun  or   bolt  with   a  tnetal  object.     If   the  gun   is   jamming   or   §[ick-
1ng,   clean   it   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion  of   dirt   and   sand   to   the   parts.

Operational  Safety  Rules

1.     Each  day   the  Party  Chief  must  make   sure  all   personnel  are  fully   trained   in
safety  rules.

2.     Arm   the   gun  ONLY   when   the   gun   is   in   POS.itlon   to   be   fired.

3.      ALWAYS   unlock   the   bolt   when  tnoving   the   gun   (disann   it).

4.     NEVER  move   the   gun  with   a   live   round   loa.ded.

5.     ALWAYS   remove   the   bolt   completely   from   the   gun   for   transportation  and
Storage.

6.      ALWAYS   double   check   safety   proc.edures.

7.      Use   cotrmon   gun   sense.

Dowhole  Mode

Be   sure   all  mounting   belts   are   ti8hc.     Do   not   .force   Cl`e   gun   down   ar\
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   t'tiat   t`i`e   base   plate
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   plate   w.nen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

I.f   the   hole   t`as   wrater   ln   it,    seal   the   muzzle   of   tl`e   gun  w.i.ch   taite   or   a
balloon   to  keep   water   f com   seeping   iiito   tl`e   barrel.      Avoid   [h.is   si[u..icion,    it-
possible.     Water   in   the   barrel   tnay   seriously   damage   the   gun  when   fired.
Injury  ls   possible.

Surface  Mode

Be   sure   all  mounting   bolts   are   tight.     Carefully   protect   the   breech,
trigger,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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OPEBATIONISAFETY PULES AND BEGULATIONS
FOF3 THE

AUGEF=  GUN

i /  , '`' / € I-

The  auger  gun   is  a  multi-component  shallow  seismic  source
which  is  designed  for  safe  operation.    The  auger  gun  can  detonate  up
to   a  400   grain   black  powder  load   (approximately   equivalent  to   one-
twelfth   of  a  pound   of   high   explosive).     Improper   handling   or
operation   of  the  auger  gun  or  any  of  its  components  can  potentially
result  in  serious   injury.     Proper  use  of  the  auger  gun   includes  not
only  safe  operation  and   handling   of  the  gun   mechanism   (firing   rod)
itself     but  also   the   skid-steer   loader  that  transports   and   powers   the
device.     The  auger  gun   is   not  intended  to   fire   projectiles   but  it  has .
been  designed  to  do  so  safely  with  no  damage  to  the  gun  or
operators.      Proper   maintenance   is   critical   to   the   longevity   and
smooth   operation   of  the  auger  gun.     As  with   operating   any  firearm   or
explosive   device,   maintenance,   transportation,   and   storage   handle;.s
must  always  assume  the  firing   rod   is   loaded  and  the  safety  is  off.

operation    and    Safetv    F3eaulations

1)     Each  day  the  Site  Safety  Officer  (SSO)   must  brief  all   members  of
the  seismic  crew  on  the  proper  operation  and  maintenance  of  the
auger gun.

2)     Prior  to  set-up  on   any  location  the  site   must  be  cleared  of  all
potential   underground   hazards   and   utilities.      The   'tip-over'   potential
of  a  site   (directly   related   to   topography)   must   also   be  considered
prior  to   access  with   the   loader.

3)     The  firing   rod   is   never  transported   or  stored   loaded   or  in   firing
mode   (locked   into  the  auger)   prior  to  downhole   placement  of  the
auger.

4)     The  firing  rod  is  stored  unloaded  (no  sleeve  snapped  onto  the
bottom)   in   the   left  side   storage   holster  during   downhole   placement
and   in-field   movement.
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5)    Only  after  the  auger  has  been  screwed  into  the  ground  and  the
center   bit   extracted   and   placed   in   the   right   side   storage   holster  will
the  firing   rod   be   removed  from  the  left  side  storage   holster.       The
shells  should  be  pre-loaded   into   metal   sleeves  and   ready  for  loading
prior  to   removing   the  firing   rod  from  the  storage   holster.     Once  the
firing   rod   has   been   removed   from  the   holster,   the  firing   rod   should
be  pointed  toward  the  ground  and  the  loaded  sleeve  snapped  into
place   making   certain   that  nothing   (hand,   finger,   etc)   is   covering   the
powder  end  of  the  sleeve.     The  firing   rod  should  then  be  immediately
lowered  downhole  and   locked   into  place.

6)     Firing  of  the  device  should  only  take  place  after  the  hole  has  been
water  flooded  and  the  firing   rod   handles  securely  locked   in  the  J
notches.     If  after  a  sharp  blow  with  a  hammer  the  shell  does  not
detonate   wait  for   at   least  5   min.   prior  to   removing   the   firing   rod
from   its   locked   position.     Once  the  firing   rod   is   removed   from   the
auger,  the  un fired   round  should  be  released  from  the  firing   rod  and
dropped  into  the  empty  shell  casing  can  on  the  right  side  of  the
devise   making   certain   not  to   touch   the   sleeve   itself.     The   un fired
round  should  not  be   removed  from  the  metal  sleeve  for  at  least  20     ..
minutes   after   placement   in   the   empty   shell   casing   can.

7)     The  skid-steer  loader  should  be  operated  with  good  common
sense  taking   no  chances  that  would  compromise  the  safety  of  either
the  operator  or  any  other  crew  member.    No  one  should  be  allowed  to
operate   the   loader   without   proper   training.

8)     The  firing   rod  should  always  be  handled  as  if  it  is  loaded.     The
firing   rod   has   an   automatic   safety   that   will   only   allow   the   firing   pin
to  travel  through  the   rod   if  the  gun   is  locked   into   place  in  the  auger.



Improved Shallow Seismic.Reflection Source: Budding a Better Buffalo

John Healey , Joe And:erson, Richard Miller, Dean Keisi))etter, Don Steeples,
and   Brett Bennett, Korrscis Geological Survey

SUMMARY

An improved design of the buffalo gun,
incorporating hole drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordable seismic
signal than the traditional buffalo gun.   The 'auger
gun' is designed  to optimize field efficiency,  source
couple, and safety.   The auger gun consists of three
main parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence, Kansas.   Subtle changes in
source environment, such as a 15 cm gap between the
detonation point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
have a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison  to the buffalo gun.

INTRODUCTION

Increasing  environment.al  and
engineering  applications  of reflection  seismology
have spurred research and development of shallow
high-resolution reflection techniques  and  equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targets-generally the goal of
most environmental and engineering studies
(Steeples and Miller,  1990).  Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelets.   Recent
advances in  engineering seismographs  have  made
possible cost-effective acquisition of 15-bit or greater
floating point data.   Generating a high-frequency
seismic source pulse  has  been  accomplished in  a
multitude of different ways in the past (Miller et al„
1986).

The  most commonly used  seismic
sources  on shallow engineering surveys  have  fallen
under two main categories:   explosives  or weight
drops. . The explosive category includes both high
explosives  and  'guns'.   Weight-drop  sources  include
everything from mechanically assisted  vertical  mass
impacts (usually >20 kg mass) to human-assisted
vertical  mass impacts  (sledge  hammers,  malls,  and
thoz.s).   RecerLe advances ill high-ft cquency
engineering sources  have  come  predominantly under
the  'gun'  classification.   Development of a  downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal increase
in expense and effort o`'er hammers,  spurred the
shallow  seismic-reflection industry.    Downhole
shotgun  sources  possess  significantly more  energy in

the 200 to 600 Hz range in comparison to hammer
sources (Pullan and  MacAulay,  1987).

DESIGN AND TECHNIQUE

The auger gun is designed  to optimize
field efficiency,  source couple,  and  safety.   A measure
of success with the downhole  shotgun  source (as  with
any downhole explosive source) can be related to
efficiency in generation of broad-band,  high-
frequency energy.   Improved enei`gy transfer is
obtained when downhole placement of the shotgun
shell includes  a water stem and restricted  recoil
(Miller et al.1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile  sources  with a steel  containment
plate (Steeples et al., 1987).  To obtain proper
downhole  placement of existing gun  soiirces,  a
minimal diameter pilot hole (generally 6  cm,  or so)
approximately 80 cm deep must be bored.   The auger
gun described  here incorpoi.aces  all  the  previous
operations  and  configurations  into a single  pass
source.

The  auger gun  consists of three main
part,s:   power  source  (skid-st,eer loader),  auger/screw,
and modified buffalo gun (Figure  1).   The power
source for testing described here is a 25  hp, 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified hydraulic auger that receives its
hydraulic drive power from the loader.   The buffalo
gun used for these tests was elongated to slightly over
2 in in length, is designed for bottom loading (as
opposed to  the standard scre\v-on head),  solenoid
firing, time break from a downhole  sensor.   The
firing pin has  an aut,omatic (spring-loaded)  safety.
These  components  when  assembled  represent
approximately 1500 kg and ai-e transportable in the
bed of a standard pick-up truck.

Operation of the auger gun is a three-
step  process:   (1)  screwing the  auger flight into  the
ground, (2) loading and firing the gun,  and (3)
unscrewing the auger flight  from  t,he  gi.ound.   Once
the 4-wheel-drive loader is in place,  the  containment
plate is lowered to t,he ground sui.face with the weight
of the loader placed on the plate.   The  hollow-st,em
auger flight is  then screwed int,o the ground using a
gating device designed to ensure  the  flight is  screwed
into the ground at a fixed rate and no material is
removed from the  hole.   Screwing the auger flight
:I.to the gi-ound accomplishes  both exceptional blast
contaiiirr.ent  ancL  minii`Lial  residual  boi.e!Loic.    After
the auger flight is securely screwed  into the ground
80+ cm, t,he  modiried buffalo gun is  loaded  (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head,  through the
hollow stem  auger flighting,  and seated into a sleeve
at the base of the auger flight.   Watei. can be poured
through t,he hollow  stem auger prior to  downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the firing pin or
with  an electric solinoid.

Safety must be of the utmost concern in
any operation involving seismic  sources.   Designed
into the auger gun are several critical safety
improvements over the traditional buffalo gun.   First,
is the improved loading design that does not require
the operator's hand to come any closer than a meter
from the shell either during loading or while the live
shell is in the firing chamber.   Another improvement
is related to containment of the entire gun
mechanism in its downhole position throughout the
firing operation.   Finally, the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.   The entire design and
operation of the auger gun revolves around
maximizing the  recorded reflection energy without
compromising the safety of the operator or
bystanders.

The auger gun incorporates several key
characteristics designed and previously shown to
enhance  high-frequency seismic signal  at  the
expense  of air-coupled wave and ground roll  while
maximizing mobility,  operator safety,  field  efriciency,
and ground coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efriciency is maximized by incorporating the
borehole preparation with the gun placement and
detonation.   The massive nature of the design and
improved  shell-loading procedure  minimizes  risk  to
the operator.  Mobility is only restricted by the 1.2 in
wide, 4-wheel-drive loader.   Environmental impact is
minimal with remnants of the operation restricted to
a nominal 4  cm corkscrew hole approximately 80  cm
deep.

RESULTS

Data acquired for this test were recorded
on an Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
L/2 m§ and record length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The source-to-closest-receiver was 20 in with a
geophone station interval of 4 in.   The shells used for
this test were 8 gauge, 400 grain black powder blariks.
The  recording environment was  consistent
throughout  the  comparison.

Auger gun and buffalo gun field files
acquired under identical conditions  allows for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
h;gher with LILe auger gun with verv little difT?re.lee
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these Shot gathers.  A 150 Hz dirital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of relnoving the ringy refraction
arrival clearly dominating the upper 120 ms of the
unfiltered files.   Some subtle indications of 50 Hz

ground roll  are  still  present on  filLci.ed  files.   'l`he
general characteristics of the 80 ms reflection seem to
be consistent for both sources.

Amplitude  spectra suggest  the  auger
gun produces more useable  seismic energy per grain
of explosive than the traditional buffalo gun (Figure
4).   Almost 25 percent more energy is pi-esent on the
auger gun spectra in the 30- to 70-Hz range than the
equivalent buffalo gun spectrum.   Little or no
observable increase in the amount of recorded ground
roll can be observed on spectra of unfiltered data.
Peaks in the spectra around 90 Hz represent
reflection energy at this site.   The auger gun delivers
almost double the recordable high-frequency
reflection energy of the buffalo gun.

Subtle  changes in source  environment
make  considerable  diffei.ence in the  amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy by over 50 percent.   Significant
variability in fiequency and amplitude of the recorded
energy resulted  from  slight changes in  the  downhole
environment.   These subtle changes  and  their
resulting effect on the seismic data are indicative of
how the near surface acoustically responds  to gun
powder  explosions.

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition rates and recorded
reflection energy at most sites when compared to the
traditional buffalo gun.   The auger gun is a
modification of the oriorinal buffalo  gun  design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As  with all  seismic
equi|)ment and  techniques,  site  characteristics
dictate relative effectiveness.   One char-acteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000  grains of black powder.   Pi.eliminary
testing indicates LhaL at sonie sit,cs it may be possible
to acquire over 500 shotpoints a day when station
spacings are  5  in or less.
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Fig.  2     Auger gun field file (left)  compared  to the
buffalo  gun  (right).

containment
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
ground position.   Modified buffalo-gun
portion of the auger gun is not shown, but is
conceptually the same as previously
documented (Pullan  and  MacAulay,  1987).
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Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.

0                       50                   100                   150

lrequency (Hz)

200                 250

Fig. 4    The  darkened area represents  the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).



l}o.n``olc   .50-callber  ltlfle--ao  ^dv.nee   ln

llLBII-rl.8oLu[Lo.i   Sclol.Lc   Source.

Don   W.    steeples.    Rlcl`ard   I).    Hlller,    Ralph   W.    Kiiapp,

Kal`s.is   CeoloBlc,il   Survey.

suHuny

ln   a   d[cec[   cafliparl8on,   the   dounhole   .50-callbet.
seLBmLc   8ou[ce   produced   Ilore   sel§olc   erlet'8y,    a
broader   body-Wave   frequency   speccrud),   an   enplltude
drop   ln   the  all-coupled  v®ve,   and   a  higher   dot]1naTlc
f requency   of   the   recorded   body-vave   energy   than   the
81lenced   Surface   .50-caliber   eource.     The   recorded
ael9olc   energy   of   [lie   dovnhole   rlf le   Shoved   an
Lncrea®ed   ami]lLcude   of   6   [o   12   dB   over   [l`a[
reco.ded   by   [t`e   Bllenced   .urface   rlf le.     me  doqLl-
t`aoc   I reqiiency   af   tl`e   recorded   t'ef lec[1on   el`ergy
wag   congls[ently   20   Eo   40   l]z   hlgber   than   the   Our-
face   rLf le.     The   al[-coupled   vave   azapll[ude   Was
deccea®ed   over   12   db   by   .ub.utfece   I l[1t`g   of   the
•1f le.     The   frequency   epect[`a  of   the   body-Wave
pul8e  vac   bra.dened  by  .1ooec   .  half  octave  on  the
hl8t`   end.     The  .afety  of   opet'.Cloo  of   the   eoutce   le
rLot   col.proaL18ed.     Reflecto[e  vlth  .  doala®nt   fre-
quency   ln  exce8e  of   180  Hz  can  be  ea.lly  ldenclfled
oa   field   f Llee  .C  depth®  of  lee.   Ctl.a  30  .  u81n8
the  do`mt`ole   .50-cal.Iber  rifle.     Ideactflc.[loa  of
loo-llz   reElecto.a   froD  I,loo  -18   po.®1ble  oo   field
flleg   of   I"Lclple   vercLcdLlly   8t.c*ed  dotmhole   .50-
callber   ehoce.     The  Source  vlll  operate   lt)  art
ef I LCLenc   IbanTLer   collec[Lt`g   COP   data,   comon-of i set
data,   or   8pot-cot'Tela[Lon  data.

INIROI)lJCTION

Incru€mtni:   eiwtroiilni!ntA`   and   el`8lneerlng   .pr.u-
clil(u"   uf   I.c[Lec[Lol`   eeleqolog)I   liove   o|]u[red
re8c.ircli   Ai`d   developmei`E   of   8I`allov   l`lah-re8oluclon
•erl¢ctlul`   tcclmlqut!8   ni`d   equl|>.`:nt.      Rt!9olutl.I`   ou
[lio   order  of   A  oeteT   Le   nece88ary   [o   dc[ec[   ultra-
eliALLov   torgec9   vliLcll   are   8erlerally   Cl`e   goal   of
•oFi[   envlroi`u)en[Rl   `il`d   erigLrieertn8   8CudLeo.      Thlg
I.`c[ea8ed   resolu[1on   con   be   ob[aLned   by   booecLr`g
Clil.   I.|.ii`it!i`cy   o[   [I`e   Source   i>ulse   vhlct`.    In   turn.
1ricreaoe8   Chc   doli]1nan[   I requerlcy   o£    the   [eco.ded
selsflllc-reflection   energy.     Ceneraclng   the  l`lsh-
€requet`cy   sel6mtc   Source   pulse   necessary   f or
6hal.lou   appl.IcacLon8   has   beeri   accol]plisl`ed    Ln   a
oul[1[ude   of   dlf feref`t   ways   1t`   the   past   (MllLer   e[
al.I    1986).

Recent   8eLsmLc   soiirce   advat`ce§   ac   the   Kan8.18
CeoLosLcal   Survey   (KCS)   have   aalnly   revolved   around
sur[Iice   p.ojecclle-type   Sources   (steeples   and
Knapp,    L98Z;   Miller   and   S[eeple6.    1986;    Seeber   and
Steeples.    `986).     A   .SO-caliber   rltle,   tJhlch   was
designed   and   bull[   Co   9af ely   f ire  a   750-gt.aln   bul-
let   verctcally   lnco   CI`e   ground.   has   more   recently
b€ei`   Ada|i[ed   Co   operate   parcLally   uridergTouT`d   -l[h
odly   tlie   flrln8   apparactJs   above   ground.     Thl§   al-
lows   aafe   opera[1oAa,   a  higher-f cequency   Source
pulse,    and   an   lncTea8ed   algnaL-to-Tiol8e   racLo.

¥.?.I.t:.N..A.N.I!.:I.I..:€ii.N.(.qg.F..

Tli¢   I:t!Iicr;.l    desLt!i`   centers    aroui`d    oiiclfl.L7.Ini..    [t`c

coiivur.ql.ui`   til'   t!i`i.ray   lit.oducl.d    by   a    .5u-c.illbl.c
rlf li`   h`.llt`t    lnco   #clsmtc   (acr.u6C[c)   ..ives.      Tl`c

majorLEy   of    the   energy   produced   b/   a   .50-calLber
round   goes    lnco   acccleraclnt!   [l`e   projec[lle   dmd
lI`Co   exhau8C   gases.      Prevlou6ly,   .1[1`   above-ground
Sources.    we   have   sllei`ced   ai`d   dlspersed   Ct`e   exl`aus[
8a8e8   1n  hopes   of   elloLna[Lng   or   ac    lea8C   greatly
t'educlng   the   ef fec[s   of   the  air-coupled   vave   on
9eleiilc   data.      The   dovnhoLe   .50-calLber   rifle
nearly   slmul[aneously   e*cl[es   the   eat.Ch   wl[l`   ii
projecclle   at`d   vl[h   exhau8C   gaseg   vhLle   con[alnlf`8
d)OBC   oC    the   air-coupLed   vave,    resuL[1ng    Ln
lncrea8ed   €requency   and   318nal-Co-noise   raclo   oi`
9el8olc   record   secclons.

The   downl`ole   .50-caliber   9eLsolc   source   con8L8ts
of  a   .50-caliber   rifle   bolted   Co  a  O.6-ca-Chick
®teal   place.      The   rifle   l[8.elf   ls   a   8Cand®rd   .SO-
callber   breech  aftd   bolt,   buLl[   by  texas   Cud  at`d
Hachlne  Cod)pony.   .tt.cl`ed   [o  a   8tarlddLrd   .50-callbe[
t].chlne-gun   barrel.     Machlried   grooves   ln   the   t)arreL
are  u8ed   ln  colijul`ccloa  vlEh  a   pressure   clali]p   [o
•Ccacl`   the   rifle   co  a   30-cn   by   90-ca   6Ceel   place.
The  rifle  barrel   ls   lovered   lA[o.4  60-[o   80-cm-
deep  borehole  4   ca   ln  dlamete[  ul`[(I   the   plate  ls
£Lueh  vlch   the   g[o`ind   surface.     Ttil9   steel   place
•ct8   ae   a   ground   seal  and   a   placforrL   to   stand   on
vhlle   f lrlT`g   the  gun.     The  velgh[   of   Cl`e   shooter   on
the   plate  and   the   .nag   i L[   of   [he   barrel   co   tl`e
bo[ehole  vaLls   help   Seal   Cl`e   gun   [o   tl`e   ground.
The   rlf le  caa  be  equipped   vl[h  a   source   8ef`sor   o[
elosurc   #w.tch    [®   I:|`i.cr.i[i!   ..I    I.Imc.   hrl.:ik.       Flrti`i:
can   l]c   doi`Q   elcl`|.c   el¢tirlc;`lly   b}.   s.)lci`olJ   ur
d),il``I^lLy    by    p..`llni:    I:11..    rrli.,i..i!r.        Tlit.    II.ivlili.ilc.     .5u-

callbt!r   veLt;Iis   4boul   .JI)   .`t;   ;IiiJ    1*   ¢..isily   l'.a-lil:.t5olt
p8.Cable.

l`t{E()uk;NCY    ^Nl)   A-J'l.

Tlic    dovi`l.oLe     .10    c;.Llh.:r    |iL.uJ`Ii:|.i     I-rulii    b    to    12    .111

greater   reco[dable   sets.`lc   ¢i`ergy   a:   equivalent
offse[9   CI`an   [l`e   silenci.I   sureacl.   .50   cill[ber    (Cls.
I).      The   lnc[ea6ed    recorded   ci`erg;..   boosts    the
signal-Co-noise   enough   Co   s`ibscdr`[lalLy   clean   u|l
the   record   secclon.      The   source-to-closest   geopl`one
offset   1n   fig.    `i   ls   43   a.      besides   :l`ls   i`c[l.ceable
increase   lri   recorded   sets.lc   eners:...   a   cor`sl§cel`C
20-40   ttz   boost    ln   [l`e   do,alnai`[    f re{i`Iei`cy   of   tl`|.
source   wavele[    1§   ctiardccert.stlc.

In   prevlaus   shallou-soljrce   co.lps:isong   (*iJ.let   e[
al.,1986),    che   sucface    .50~c`]l[be:   pec[oned   com-
parably   Co   Mlnl.-Priaacord   and   a   lo-gauge   3uf falo
gun   ln   total.   erierg;.   and    i req`Iel`cy   a?ecErurE.      Tl`e
rioced    Locrease    La    freliuency   .ii`il   cnerdy   Would   in.'`kt!
the   dotmhole    .50-cal[ber   rlfle   co.tp.irable   co   Cl`e   8-
gauge   But falo   gufi   tThLch   gas   `ioor`g   :he   best   sources
[esced    for   refle::ion   e..`.er3y   ve=su$   3t.ou``d    roll,
[ocal   ene[8y.    ai`d   ft.eqiieney   r.oi`cel`:.

S^1.'I.:'1'Y

S;,,|`ly     61,a,,lJ     :,1.,,,      1` ,..,, 1,,,',,,1,-(,.,`-.1.,.,,      i` ,..,,,, '

oi].rA[Loi`     Li`vo`.:.`:..      ``fi`i.`lI:     i:.i`.I..:c<.         I.1|1!      rlr``t      [S1'._ -_-_I '|-i --..-- i_i_.I
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2                                                                                                                                   l)ou.`li.iLu    .50-CALll}or    l`Lf le

mouiicctl    on   A   O.6-cm-CI`lck   a[eel    plfltc    Co    iir(ic|.cl:
tl`e   oi.er,itor    f ron.   f raglaen[B   And    Co   help   hold    Cl`e
I:`i.i    ii.!`..I.rely     li`    pli`ci..        .tili`cc     Clie    projt!c[LLe     Lti
f lrt!tJ    €roia   a   bole   and   bt.eecl`,    orlglnally   deolgned
as    a   8tflnd.`rd    f LTearo,    [l`e   iitmog[    1a   safety   l`as
•i`rl...I.ly   lil.cn   Ji!filgl`ed    tnco   cl`e   nccual    I lrlnr,
Iuucl`t`iilam.       .I.I.a    bulc    tl``J    l}rl.ecl`    iiltinufacLuct!r
designed   the   apparaciie   not   Co   £[agoen[   even   Lf   tlie
barrel   vac   completely   obBtruc[ed.      The   barrel   ls   lr`
*Ci`i``Ii`rtl    I.®c    by    Clie    u.    S.    I-lltcn[y    oi`    .50-calthcr
oacl`L.ia   8uno,      Tlle   extra   [hlckl`eee   of   a   oachLne-gun
barrel   eerve8   co  dLaelpace   heat   and,   e8peclally   ln
our   ca8e,   pro[ecc.   from   blow-out   Lf   fo[elgn  taacer-
Lal   get8   1f`[o   the   barrel.      Thl8   makes   coi`tlnuoue
oi)era[1one   aAfe   and   coilBle[enc.

C^SE    STUL)Y

Sllericed   8urface   .50-callbet'   v8   Do`+tthole   .50-
caliber.

Tl`e   tllrt:cC   coniparLeoA   of    tlie   Burface   ^``d   Clie
dovrihole   .50-caliber  rLf lee   vac   pe[fo.ned   r`ear
Wlntcr   Vark,   Colorado,    1n   .n   .C[elapc   [o   d€[ec[   [l`e
Mof fat   rallro.d   (utinel,   85  n  below   [l`e  outface.
The   r®celvere   vere   elA81.a   LOO-tl€   8eopt`ot`eo   vL[h   a
L.2-Itl   eca[lon   lncerv&l.     The   .ources  vere   43   ta   frog
[ha   cloeee[   recclver   I)C.[1of`.      Tt`e   E'e®ul[1n8
recorded   field  file.  plo(ted,   u®1.ng   true  aopllcude,
cLeA.Ly   el`ov   the   lncrea®ed   ®I]plltude   At`d   the
Lncreaeed   ®L8n.I-Co-not.a   raclo   of   the  dovnhole
rLfle   ae   compered   to   the   aurface   8ou[ce   (£1g.    I).
A   glaring  dl£Eerer`ce   Lo   the   ab®ence   of   al[-coupled
vave  on   the  field  file  uelng  the  dotmhoLe  rifle.
The   ft'equency  dLf ference   18   obvious   on   the   aDplL-
[ude  8pec[ra   (fl8.   I).

I)ovnl`ole   .50-caliber  Field  Flleo   and   S

The  dovnl`oLe   .50-caliber   rlfle   can  produce  a
Source   pul®e  vl[t`  a   clod)1natit   re£1ectlot`   f tequer`cy
ln   exce®e   of   loo  tlz   (fl8.   2)   vhen  used  vl[l`  atlalo8
1ov-cut   i llEere   that   t`ave   a   -]   dB   polnc   o£   220  Hz
.1.`tl   n   24   du/octave   rollaf i .      Clean   iLnLd)uo-phase
re(LectLo.i   vaveleca,    ea81ly   Lrt   excess   of    I.501`2,
carl   bc   Ida.`clf Led   dovA   to   270   D8ec   dlreccly   off   the
field   £1le   (fig.   3).     The   opeccrun  of   the   refleccor
AC   85   Iosec   L8   alB`oBC   J   oc[ave8   across   vltli   corrler
frequencle6   oi   40   and   290   llz   (£1g.   3).

The   downl`ole   .50-caltber   rlfle   has   not   only   been
p.ovcli   Co   b€   a   uaafuL   ehalLov   hlgli-resoLu[1oi`
ref lecclon-sel8ralc   eource,   1t   aloo   po88e89es   the
capabLLL[y   Co   penetrate   a8   ouch   a.   I,LOO  o   of   aedl-
mei`Cary   veneer   oveTLaln   by   L5   Eo   30   a   of   vea[hered
alluvium   (fig.   4).      Tlie   reflec[1on   a[   720   m®ec   or`
the   I leld   i Lle   13   Arbuckle  doloa)1[e   a[   a  depth   of
I,LOO   in   lr`   central   Kansas.      Thl8   elghc-8hoc   ecack
Wag   recorded   vLch   30-tlz   low-cut   £1lcer8   and   Ceri   40-
Hz   geophoAes.     The   doiolt)ant   £requef`cy   of   the
reflecclon   energy   19   About   loo   Hz.

^CKJIOWLBDCHENTS

Fundli`g   for   [hlg   re8earch   vao   p[ovlded   Ln  I)er[   I)y
Na[1onal   Science   Poundacloa  C[an[   h'o.   EAR-8218735.
We   appreclace  BBcher   Prlce'8   ef for[s   ln  oanuocrlp[
prepara[1ol`  and   Hat.la  Adkln6-Helje8oo'8   edltoclal
8ugges c Ioi`8 .

RE,'l,:«k:Ncl.:.i

MILlcr.      t{.I).,      L'ilLLjL.I,      ,i.I.:.,     W...I`lli.:r.     .I.*..      .|iit|

llaenl,    P.P.,1986,    Field   coop;irlson   of    sl`allow
Belsmlc    8ource8:       Ccopl`yg[cg,    v.    51,    p.    2067-
20,2 .

Miller,    R.D..    and   Steeples,    0.W.1986,    Sl`alLow
ocruc[ure   [ror-a   sel6iolc   re[lec[lon   prof lie
ncroila     [l`c    llliruli    l`i...ik,     ltli.liu,     r..iuLt     Hciiril:
Ceophyglcal   Re8ea[ch   Lecter8.    v.    lJ.    p.    953-956.

Seeber,   H.D.,    and   Steeples.    D.W.,1986,    Selgnlc
data   obcal[`ed   vlch   4    .50-caliber   rBachlt`e   8un   a8   a
high-reeolu[1on   8elofBlc   8ou[ce!      ^^PC   Bull.,   v.
70,    p.    970-976.

steeples,    0.W.,    and   Knf`pp,    tt.W..1982.    Reflec[loi`s
f[otB   25    feec   or   leas:      Paper   presented   at   1982
SEC   Convenclol`   (Exp.    Abs.),   S%   program   volume,
p.    469-471.
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Downhole   50-caliber   Bifle

Field   File

10  meters

FIG. 2._This  Single-Shot  field  file  '+/it:'i  an  AGC  applied   :llustrates  the  hiq_h _freqt±±pLcie=
and  therefore  the  resolution   easily  c>btairiabie   .~`:ch  ai.dounhole   .50-cal.
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Surface   50-caliber   Bifle   -vs-D.ownhole  50-caliber  Bifle
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-this  s-ingle  shot  ccmparison  plotted  true  amplitude  with  ider,tical  recording
parameters  clearly  shoy7s  the  increased  signal-to-noise  and  tine  inproved  fregue-
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FIG. 3 . =Jii=

85  msec  Peflector  Wavelet

Amplitude   Spectrum

250                  500                  750                1000

frequency   (Hz)

=ELe_aEmp±t!±£:eLipectrurn±£Cherefler±i9p ulse  at  85  r.see_is+±ilm_oil._3._a.=+aves



Eight   Shot   Vertical   Stack

Downhole   50-caliber   Bifle

20  meters
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FIG.  4.
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MATERIAL
SAFETY DATA

EMERGENCY PHONE  1.800LOLIN-911

SECTION  I  -IDENTIFICATION
CNENIC^l N^WE . SYNONYMSIndustrialAmmunition  8  Gauge        ( Small   Arms   Ammunition)

CHEMIC^l  FAMILY FOFtNULI. Tf`^DE  N^NE

Not applicable Mixture Not applicable
OESCI)IPTION C^S  NO.

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
Pf`EC^uTIONS TO  BE TAKEN  IN  N^NollNG AND STORAGE

Store  in  a  ccol,  weu-ventilated  place  away  from  all  sources  of  ignition.    If  damaged,  do
not get dust in eyes,  on  skin  or  on  clothing.   Do  not  take  internally.   Avoid  breathing dust
or  fumes.    Upon  contact  with  skin  or  eyes  wash  off  with  water. Avoid  breathing  fumes
during discharge.

PFIOTEctlvE EOulpNENT vENTluTioN REOumENENTs

Ey..                 Safety glasses or goggles I.ocal mechanical exhaust
cl®v..               None necessary ventilation recommended during
oth®,                Hearing protection recommended confined space discharge.

during discharge

SECTION  Ill -HAZARDOUS  INGREDIENTS

BASIC N^tERI^l                                                      °±NL`                    lo so                   LC SO                       SICNIFIC^Nt EFFECTS

Lead 50ug/m3 No Data No Data Eye irritation, fatiguedisturbanceofsleep

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
FLltsN POINT          Not OSH^ CL^SSIFIC^TION•.- FIJ`WN^t)lE  I      LOWEfl      I      UPPER

XP|      'V - -•.                    ;..         ='    - |'M'ts
Ex"oulsHINc u€bl^                              Deluge wit-h water,  material is self-oxidizing.   Flood  with  water

to fifrht fire f]nd  to a -

SPEci^L FiRE  HAZ^no .  FlnE FICHTING pi"=EoufiES

Evacuate area.   Fight fire from  an exDlosion resistant .location.

SECTION  V -HEALTH  HAZARD  DATA

THRESHOLD  llNIT V^luE

None  established.  (Inorganic  recm. std.-air:   TWA  0.15  mFr /Pb)m3  (Acr]]H  1984-FZ5)
SYNIPTONS OF OVER EXPOSURE

Eye irritation, fatigue, disturbance of sleep.
ENEFIGENCY  FIF`ST.^lD  PFIOCEDUF`ES

SKIN Contact of skin  with shells presents no health hazard.

EYES
Flush  thoroughly with  water.   If an  irritation occurs,  call a  physician.

'WGEstlow
Ingestion of shells not a possible route of exposure.

Remove victim  to fresh air.
'NH^uT'ON



SECTION  vl.TOXICOLOGY  (Produco          (Si-;tall   Ams   Armu`iitj.{>n)

^CurTE  Oft^l   Lt) 50 Not applicable c^nc"ocENicltt        Not  carcinogenic
wuT^cENicitt              May  be  mutagenic

ACUTE DEAN^l lt) sO
' > 2  g/kg

EYE imiT^tiow             May  be an  irritant
pnlw^nv sKiw liinlTATioN                        Not  an  irritant

ACUTE  INH^LJITION  IC 50 Not  known

pfuwcip^i RouTEs oF ^esoFtfTION
lnlialation, dermal

EFFECTS OF ACUTE  EXPOSURE

Fatigue, disturbance of sleep, eye irritation.
EFFECTS oF CHnowic ExposunE         Anemla,    Central nervous   system   aepresslon,   toxicity   to   kidneys,

reproductive system and fetus.

SECTION  VIl -SPILL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^CTION FOR N^tERI^l flEIE^SE OR SfllL
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking utensiis  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See     29    CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    isolate  and  do  not  seal.
I,abel ''Small Arms.Ammunition''.   Wash an contaminated clothing before reuse.

In  the  event  of a ldLrge spill use .the  emergency  telephone  number  shown  on  the  front  of  this
sheet.

TRANSPOFtTATION  EMERGENCY,  CONTACT CHEMTF`EC 600L424.93cO
WASTE OISPOS^L WE"OO

Dispose  of  contaminated  product,  empty  containers   and  materials  used  in cleaning up spills
or leaks in a  manner approved for this  material.   Consult  appropriate  federal, state and local
regulatory agencies to ascertain proper disposal procedures.

SECTION  Vlll -SHIPPING  DATA
D.o.t.cuss                                             Class c  Explosive        OEN-D

sEerioN x - pHysicAi DATA

|WEITING Po"T              N/A|Boll"CPOINTN/A`SPECIFICOF`^Vltt(H,O.1)        N/A v^roR pf`EssuRE                 N/A VOuTI LES                                    N /A

SoluEMLltt lN W^"R          N/A EV^Pof`^TION RATE                      N /A

pH                                              N/A v^roA OENSITt l^lr.1)             N/A
I

iNFof"ATION Ful]NISHEt) BY:                C.  C.  Nconan
(203) 789-5436

1475

DATE         Novemberl6,1985

D®pertm®nt of Envlronmental Hygl.n® and Toxlcology
(203t 789.5436

olin cORpORATioN
120  Long  f]ldge F`oad, Slamlord, Connocllcut 06904

0CEAN®   N®twork
EMEflGENCV  PHONE  1.8ocroLIN.911
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M.a|chal Saloty Data Sh.oat  .     .
May he `4ed to ch/ wh
OSH^.. Honed Corrv"ulcdch. ~
2e CFf` I.10.1200.  St.rit:lot must t-
cmi.d lo. qch .mJlonmb.

u.S. Department ol L.bar
Occup.lion.I S.I.tv .nd Hellth Admlnlltr.tlon
(Nan-M.nd.tory Foml
Form Approwd

OMB No.1210cO72

®®" qu u..a on I.b.I .nd lJ\Q
All  Shoteh®11  Am`inltlon

Nm:un,fty„,de-b#ELRE#%F=£ff±rE€#L=
Sctkm I    .. "snail  Ams  Arminitlon.
Lnddurv.. Nm Em.oonci/ Tkphon. Numb-

f`eminciton  Amg  Co. ,   Iric. (Sol)  .   676-3161
^&L]~- O*rnb.r. S\i..\ C\/. S". .nd Zu' Cot*| T.lophon. Nlmber b. Inlo.in.tlon

I-40  a  lIlghvay  15 . (501)      374-2246

I,onck®,  Ark.an3a8        72006                                        .`
00'® P,vyedI      8-12-86    .

•,, Siqr\\\\It. o1 Pnp.I. ItrfuD
W.C.   Bell,'  Cheli`  I,ab  -Technical  Section

S.ctlon I - 11.I.rdou. lngriedlonti^donllty hlormatlol`

mz~ Cijiiijfi:i=i Gp.cllc ci`imlc.I l®onlk)rf commori N.in.("       Osl1^ PEl            ^cotrl TIV            A-merul          ` I
I.Cad.,   Inorganic  and  I.Cad  conpounds.                     50mg/M

ArBenl.c  and  conpo`indEr

Antlinony  and  conpound.
Bariun  and  coBqunde

500  ng/M-
5oo  mg„3.

Nitroglyerln  (0.05  rm  akin)   500 ulcrogronB/M3  of  air

t"  -  "Small  Az:ng  Almunitlon"
Cla.. C Explo.lv.

O"-D

S.ctlori Ill - Ptrytlc.I/Ch.mlc.I Ch.ractodetlc,

eolno peirl                                         . s#gg#pltfie"
Not  applicable

V.per po.-.I.I. (mm llo.I     . whno Put
Not  applicable Not  appllcabl.

Vpr Orty pe . '' EL"LTi~otAmi.caLLeNot  einllcable
sO#dhrTead  sty|,hnate  -|ngoluble|  I,Cad Nitrate  -127  gTh/100cc  voter  -100®C

givro I. Cb
Grayleh,  Grey,  S11v®ry  14at®rlal  i  »o  odor

S.ctlon rv - FIT. .nd Explo.Ion I+.I.rd D.I.
Fun poh quou udyNotapplicable FL- LJTbNotapplicable in  »A UE|      NA

Ed- Lrty
_  Mate_rlal _18_ 8e|f  oxldlzlng/   flood  vlth_ Water_ to  fig_bt__fire:_an_d  cool  Bhe|l._.
Sp.cil FIT. Figiving Proe.d`m   .

un#eiFi"8#iEr#tor#e when  exposed to flan. and high temperatures.
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Sedkx. V - F)..cth,rty tht,
Sdtpt, Un- Candiuotu®^"        riane8,   aparks,  percussion  or  shock  and  high  .

St"
X temperatures   (130®C)

Incomp.llbJIlty W.I.rf./. lo A.eld|  .. Stror`g  mlnerel  ecldg  and  alkalle
11.ziitfu DerTdtbl -givtrfub   oxides  of  carbon,  nitrogen  and  leaLd  fin.B.- th, Cho -to^"      Heat,  fire,  static,' frlctlon and perc`1981on.

WU Nal -
X

Sectlon Vl - lie.Ith Hez.rd b.I-
Fhl(.) d Erty:                     tw.letm?     rume8                       Sth7   cuts  or  abrasions  -'RE!E1?cles

WFn## `#i#e7#'ctorla,  embryotoxln i mlnutrltion,
weakness,  mental  confusion, allor -

tr.eat  per  general  lead  expos`irei.  headache  and  nausea

Ciffig-in.             "P'                                    'AJro I-7                      °S'+A ReqLJ'.d7  Lead. Tee

Sipredsy-OIEXponr.      '      Refer  to  health.hazard  above.           `

-CE-
¢=ae==F ^oor~ded try Equr. Gastrointestinal  tracti kidneys,.  blood  arid  ceritral  nervou.

Bysten.          (CINS )

Eiijfjarii; .nd FM ^ld Prechi- Skin  -  flu9h  with  vateri   if  8walloved  seek  medical  attention

inedlately.
S.ctlon Vll - P.ec.utlon. lor S... H.ndllng .nd Ue®
9.p.. e. Tofco h c... Wdrl.I I. F].I...d er spilld                                                                                                        +

Use  non-sparking  equipment  to  cleanup  and  store  shells  -avoid  i.gnj.t.lan  sources.

ITat¥l_E _Pe burpe_a__per_ 'appr_opriate  federal.,  state  ±r!± local _ re_gy|at_o¥aj±p§][=
corltact

Pree±£e- to e. Tod.n A 11.ndllno .nd Strty

Refer  to  rel®aeod  or  I)pllled  datd: above.
tw Pnulho

Lal)el  containers  -  "Small  Ams  Ammunition"  veal  gloves  and  ghrapr.el  protection.

S.ctlon VIII - Control W...uro.
f`whrrty m~ /arty"rm/              osm   sA/f]lE/SCEA

ing  cartrldge8.Cm p"~CHhng®EqutH"      uBe  hea.ring  protection  when  dischar9

i±?_EJi
Papa ® v,a,a: I --,, I-,„ ,,,,,,
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MAmIALsAFmyDATAsEDm

sMAILAm4sAmrmrmoN
cENTmREREIE&rmoLAMMDunnN

EtdalCartrEdeCoDquny
anEharme

Analha. hfroescta  55303

ThRE          6]2+323+2300
moDutr sin:Vlc" 6]2e23[3706

nrmenor HONE NUMBm. 8Oolergrm {cHENE-

H]e rae: Janl]ary 4, ]Jny

=========-=--==--=====--==--=--====--------

sErmoNfl  rm3             ,          .            I:,I,              ,,gr          I            i          I

moDucT EARLYCintedrelftlliccanddge.TheFedpwing;

. 222                 a                            . 30-30 Winchester .300 Sarge.32Winchestr qu.338Wiirfuesfahtryun.35n

. 22-250                 n .32 Autonric

.223 Remington .32 s&W I.ong

6rm .32 Ere Lgivun
.243 Wmchester .380 Autondc 8rm Mha
.257 Rbberts +P .38 Speed .45-70 Goverment
.25di Reington .357 hfagnum . 280 Remington
.270 Wmchester 9rm huger Auto 7-30 Waters
7rm Remington ftyun 9- EL Or-822) 7.62X39 Soviet

7mm Muses 9rm Feded .303 British

.300 Winchester ngun .41 Ron ftyun .375 EIRE htryrm

.308 Wmchestr .44 S&W Special .300 HRE ftyun

.3ous fydrgfidd .44 Ech xpun .458 Winchestr Magnum
sO Chliber Carbine .45 Automtic •416 RI8by

.25 Awhnrfe .45 colt .470 NiJm Express
lorn Aapndc 9mm Subsonic •38 qu +P+
.co S8tNI 6.5rs5 Swedish 7H64

5.56 hind Range 9" met Range .38 Sperfu +P
356 TS&W .27o wfaflrdy ngun .300 wfatEedy hfro
7- Weathy Mgiv .357 SIC .38 fry
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sECTroN # - cHEhncAL coMrouNDs:

cHEnnaEL conmouNDs

CAS NIREER
TWA UNLESS O'IHENISE NOTED

OSRA PEL ACGH Thv
Buuct - rd orhaCore 7439L92-1 •05 mg/m3 •05 mg,m'

Copper Jacket 7440-50-8 1 mg/n'            Fume: 1 mg/rf         Fhe:
. 1 mg/rf .2Tlyrni

zinc  (As zinc onde) 744Orfu6 1o ng/mS (5 mg/m3 10 mg/m3
1314-13-2 as reapilatle dust)Fume:5mg/m3 Fume:  5 mg/rf

Tin 7440-315 • 1 mg,m3 2 mg/rf

Nyclnd chathg Not Estal]fished Not Erfurm NotREmed
Cartridge Case -Brass,(AsZinc&Copper)(SeeAbove)

Nickel Prm Brass(AsNickel) 744ounro 1 mg/rf 1 mg,m3

Ptopeuant -Nitroceuulose 9004J70ro Not Erfufished NotRErm

Nitrnglyceine 55€3J) 2 mg/rf   Cdig 0.46 mg/m3   (Skin)

Gxphite 778242-5 15 mg/rf (5 mg/m'asrxpirabledust) 2,"alrrf

Then - rdStyphnate(As rd) 12403-82< .05 mg/rf .05 mg/rf

Barium Nitrate (AsBarium) 7440-39-3 •5    g,m' •5 mg,in.

Aninony SulAde (AsAminony) 7440-36JO •5 mg,m3 .5 malrni

Alurfuun 7429-90-5 15 mg/m] (5 mg/m3asreapinbledust) 10 mg,m3

2

•,`,.=i?i!;i::if&
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EEINrrl        oF ACRONvnas

asHA PEL:      Occupational safety and Hedth Administndon's pettnissible Exposure linit.

ACGH Thv:    American conference of Govcmmental hdustrial Hygienists' Threshord
Limit Values.

TWA:                Tine wrighted Average.

STEL:                Short Ten Exposure himit, the 15 minute exposure which should not be
exceeded at any time during a worladay.

CELING:         The concentration which is not to be exceeded at any time during a workday.

CAS :                   Chemical Abstracts service number.

SEcmoN #3 - myslcAL DATA

Ebilin8 Point:
rmfu8 point:
Vapr Pressue:
REty:
Solubility Ovater):
Evaporation Bae:
Percent Volalhi:
Vapor ±ty (Air = 1):

Appea-

Cider:
Ctor Theshoid :

Not Applical]le
Not Apprcable
Not Appliealle
3. I -8.0 grams/cc
None
Not Applicable
Not Apprcable
Not Applicable

Brass or nickel plated brass case with plastic,  lead, ocrmer jacke8ed
lead or nylon clad lead buuet.

None
None

SECHON #4 - FinE FIGHHNG & EmosloN DATA:

Flash Point ®:
Auto Ignition Temperature Q]) :
Upper Explosive himits Q'ercent) :
Ii)wer Explosive Linits Oercent) :

Fire & Explosion ±s:

Ethguishing Mrfu

Not Apprcable
Not A|phicatle
Not Apphicable
Not Apprcable

btry ignite if heated to 250 degrees F,  independent of air.
Unconfined  ignited  cardidges  can  produee  low  velocity
metallic fingznents which may cause eye injury or s`xperfucial
sldn wounds if uaprotected by standnd frofighter tlimcut
gear.

Water
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quchl Fire Fighting hstnictions:       Wear full fro>fighter protecG:ve gear irdding be in or~   t:-::r-;`:*;{L;`,¥;~
SCBA.  Use wide fog pattrm male to stag any tow vincity
fraglnents.   Use water to cool ndimry conthustibles below
ignition temperate.

sEclroN rsA - Exrost7RE & EFREcls - INHALAroN

nouTE OF ExposunE & mRECTs - INHAIAmN

Acute:               hhalation of gases and particulates produced while ffing ammunition may result in
mild throat, eye, `rmer reapintory and lung iritafion.  The iritant effects may lead
to lung symptoms such as brurhitis.  An over exposL)re to gases or partioulates my
also  cause:  anemia;  nervous  system  symptoms  which  may  include  irifabiuty,
headache, restlessness, fatigue, muscle wealmess, muscle tremor, convuhions, loss
of memory,  visual and  hearing disturbances,  loss of coordination;  gastointestiml
effects such as vondthg, colie, diachca or constipation; circulatory eynxptom8 such
as a dlap in blood pessure; xproductive effects including fedlity problems, birth
defeats, riscaniages and possible kidney damage.

chrfuc: Holonged  repeated  over  expesure  to  fired  cardidge gases  and  particulates  may
result  in  elevated  blood  lead  levcts  and  elevated  rinc  pro¢qpopdyrin  levds.
Symptoms of chronic overaposure to lead may indlude: anemia; lead ties on the
gums;   nervous   system   symptoms   which   may   indude   irritabhity,   headache,
restlessness, fatigue, muscle wealmess (I.e. wrist drag), muscle tremor, convulfrons,
loss    of   memory,    visual   and   hearing   disturbances,    loss    of   coordination;
gastrointestinal effects such as weight loss, vomiting, colic, diandea, constipation;
circulatory  symptoms  such  as  a  drop  in  blood  pressure;   reproductive  effects
including fertility prchlefns, birth defeats, miscarriages and possible kidney damage.

If acute or chronic sylxptoms should appear,  contact a physician.   Blood lead and
zinc proeapoxphr]m levels are recommended and should be monitored as per OSIIA
1910.1025.

First Aid:         Remove person to fresh air.   Seek medical attention.

SECTION #58 - ExpOsuRE & EFTEcrs - SKIN

RI}UTES OF EXPOSURE & EFFECIS - SKIN

Acute:              Elemental and inonganic lead compounds ae not absofoed through the skin.  Cthin
organic lead compounds, however, can be absofoed through the skin.

Chronic: Hemental and inorganic lead compounds are not absorbed through the skin.  Certain
organic lead coixpounds, however, can be alsofoed through the skin.

First Aid:         Wad exposed areas thoroughly with sca:p and vrater.

4
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sEcnoN #sc - rmost)RE & mFEcrs - EyEs

RouTEs OF FrmstnE & EREas - EyEs

Acute:              Contact with lnge volumes of smoke may cause minor eye illitafion.

Chronic :           None xpor8ed

First Aid:         Remove person to hush air.  If forign body is suspected, wh eyes in fresh water
for 15 minutes, contact phystchn.

sEcmoN #sO - EmosuRE & EFFEcls - INGusmoN

Room oF ExrosuRE & EFREcls - INGEsnoN

Acute:              Acute ingestion of lead may occur from poor personal hy9ene assoch€ed with the
handling of had bearing matedals.  The effects Of had ingestion would be rimi]ar to
those listed under acute inhalation in addition to gastrointestinal iritafion.

Chronic: Chronic ingestion of lcad may occur from poor personal hyctme associated with the
handling of lead bearing matedals.  The eifeas of lead ingestion would be stlnilar to
those nsted under chronic inhalation,

Note:  Wash hands thoroughly with scxp and water before eating or smoking.

First Aid:         Ingestion is not a likely route of expestire.  h case of ingestion, contact physieian.

sEclroN #5E - ExrostJRE & mREcls - cARclNOGENEsrs DATA

N.T.P.             No

I.A.R. C. :         Groxp 2B, possibly careinogenic in humans.

OSRA:             No

sECTroN #5F - FrmsuRE & ETEcrs - connmirs

Ii=ad and barium ae tonic metals, which may be rdeased during the firing of moden ammunition.
Cap should be talrm in the cleaning of range farilities to minimize the aposure potendal to lead
and barium.  Persons engaged in these aedvities should wear protective clothing with an appxpriate
txpintor.  Range operators should consul OSHA 1910.1025 for details pertaining to the handling
of lead in the work envirmment.

Severe  led  intorication has  been asschated in  the past with  stedlity,  aborion,  and  stillbirth.
Modern infondon confining that.lead poisoning affects birth rates or causes injury to the fuis
in man is not conclusive.

5
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SECTloN #sG - AGGRAVATroN oF REExlsTING REAI;in coNDIHONs

AGGRAVATION To mELEEusTnTG mAIJIH CoNDI'noNs

Exposule to lead can aggravate pro-existing anelnia,  cardiovascular and reriratony diseases and
conditions related to the gastrointesthal, rquductive, renal Qidney), and central nervous systems.

Reference:       industrial Toxicology, Safctv and Health Applications in the wor]aplace:
vriimamsre.

sEc'IroN ff -REACTTvl'r¥ &        vnrmlzATION

Stal)ifty:

cinditious to Avoid:

incompanle hfatals :

±dous frompchtion
hdritdi:

Polymedzation:

Stable under nomal use conditions

hdividual cartridges  may  ignite if the primer  is  struck or  if the
cartidge is exposed to excess heat

Oils, acids, Allcalies, Ammonia, and other corrosive materials

Oxides   of  Barium,   I+Cad,   Antimony,   Aluminum,   hfagnesium,
Nitrngen,  Cafoon, and Sulfur.   Iced and Antimony fume may also
be pnduced.

Wu not occur

sEclTON w - slms, IAIAKs & DrsposAL pROcEDUREs

STEPS To BE TAKEN - Sin.S:

Avoid conditions detailed in Section ffi.  If container should rupnire, place all loose cartridges from
broken shipping cases into a sturdy container.  Secure container calrfully.

Waste Disposal Mthods:         Contact Manufacturer -Product service (612) 323-3706

6
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SECHON # - smcIAL rmoTEclrvE EQulmmiT

Ventilation:                  Use  in  a  wtl-ventilated  area.    Consult  the  cullent  addition  of ACGHI
hdustrial Ventilation hfanual and/or NRA ventilation recommendafious.

Protective Equipment:

Eyes:                             Recommend protective eyewear confoming to ANSI Z-87

Gloves :                           Not generally requrired

Reapintors:                   Use an approved reapintor while cleaning range facilities.   Consult OSIIA
1910.1025 for exact requirements.

ifearing protection:      Hearing protection rcoommended whife discharfug cartridges

sFx=TION ~ - sREclAL mECAUTroNs - sroRAGE & HANDING

Store in a dry, cool arcs in the original container to assure perfomiance.   Keep out of the reach of
children.   Avoid striking the primer of unchanbered cartridges.  Remove ammunition from sewice
if any of the fouowing conditions have occuned:

1,          Prolonged storage at or above 200 degrees F
2.          Evidence of corrosion
3.          Physical damage
4.         Exposure to di or apray type lubricants

Avoid prolonged stomge in leather caridge carriers.  Cartridges can ignite if heated to 250 degrees
F indqundent of air.

=============================================

Although reasonable care has been taken in the preparation of this dceument,  Federal Cartridge
Company extends no wamnties and makes no rqueseiitafion as to the accuracy or completeness of
the infomation contained  herein  and  assumes  no  reaponstbhity  regarding  the suitability  of this
information for the user`s intended pulpose or the consequences of its use.   Each individual should
make a determination as to the suitability of the infomation for their particular purpose.

7
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This thtcrial Safety Data Sheet has been prepered in compliance nth Federal OSHA rind
Communication Standrd ]9 CrR 1910.1200. ALN-SI ZJ00.I-1993 and the ISO Safety Data Sheet
Stazidard.  This product may be considered to bc a hazardous chemical under 29 CFR 1910.1200.  "s
information is required (a be disclosed for safet}. in the w.orkplace.   77Iis IW£Z}S ds qppAZczi4Le arty to the
prod..ct .tlLedifled herein at.d only when uLsed properly.

NOTE:  Refer to SeetioB XVH for fdr a/Ac7.ortym

Product:                          Canridges. Small Ams
Tndc Name:             CENTERFmE RIFLE, PISTOL & REVOLVER

LOADED ROUND
C^S  ReSstryNaL:       N/A
CAS Nanl¢:                    N/A                                                                                           HMrs Ratinf!
Formul a:                         NIA                                                                                      Health:                 2
Molcctllarweigbt:        N/A                                                                                        F]amzDat)ility:     0
G lade:                            N/A                                                                                    Reactivity :           I

NOTh

This tis( includes, but is not limited to, those hazardous materials which comprise
greater than 1®/® (0.1% if carcinogclijc) of the total coTnponent wcighi per 29 Cm
1910.1200.

A Centerfire Rifle. Pistol and Rev.ol`'cr Loaded Round is comprised of the following four (4) components.
The hazardous chemicals contained in each are listed.

1.    Projectile                  Lead. Copper. Zinc. Antimony
2.    Brass shellcase       Copper. Zinc, Nickel
3.    Prof)ellaJ)t                 Nitrocellulose, Nitroglycerin. Dibutyl phthalate. Graphite
1.    PriDcr                       Copper. Zinc. Lead. Antimony. Bari`ifn` Lead styphnatc. Tetrazene

Issued:  April, i995 Page I of 7



05/27/99      THU   12:59   FAX REMINGTON   ARMS
ra 0 0 3

®
®
®
®

®

®
®
®

®
®
®
®
®
®

®

'
'

Rernington Arres M___geri_a!`S_afeqiDatasheet

C.\S or Chemical Name:
C.\S Registry Nutnber:

L_|sT_OFH_AZABDOuscHEMlcApr
( In Alphabetical Cnder)

ALYT"ONY
7un360

Elposurc Standards:
PEL (OSHA) ....................... TWA 0.5 mg/m3
TLV (ACGm) .................... TWA o.5 mg/m3

------------  =T______  -----------     = ----------------        :i--:     ------------    ==== ------- I-T    -----            _____== -....

CAS or chcnical Name:            BARIUM
CAS Registry Number.               74JO-3 9-3
Elposure Standards:

Ebtt&ScEES.:::::::::::::.:::::.#£3::=#
_-I-__                   ________            ________  .----.....-----  :  -------------------  i ---.....--. :-________i_______     I_-L==

CAS or Chemical Name:
CAS Registry NutDber:

COPPER
7440-50-8

Elposurc Standards:
PEL (OSHA) ................ „ ..... TWA (fume) 0. I  mg/m'

TLV(ACGHD....................#£{ge)#.:)m'#m'
TWA (dust. Iris() I.0 mg/m'

-,,,,,-,--.=====--~„.-,-T--===-----.-.-.........-.'.I....-======.-.....,,,,'==-......--.-.--~~~--

CAS or chemical Name:            DIBUTYL PHTEIAIATE
CAS Registry Number:               8+-74-2
Eli]oso re StandaTd§:

#?((isc#Eri.::::::.::::::.:::::::#i::%::

CAS or chemical Nal]re:            GRAPHITE
CAS Registry Number:              74J04JO
Elposure Standard!:

PEL (OSEIA) .... 0`atunl Graphite) qTansitiooal: TWA 50 mppco TWA 2.5 mg/tn]
(Synthedc Graphite) arransitional: TWA Total Dust:  15 mg/m3 .,

Reapirable Ffaedon: 5 mg/m3)
TWA Total Dus(:  10 mg/n3; Rcspirable Fraction: 5 mg/m'

TLV (ACGH) ........ i ........... TWA 2 mg/.q!'..(i€flirable dust)                        ..

CAS or Chemical Name:
CAS Registry Number:
Exposure Standards:

PEL (osrIA) ......,
TLV (ACGHD ....

LEAD
7J39-92.I

.:::::::.::::#!8-:::#:
BEI 50flL in tilood,  150/g creatinine in urine

Trade Nape:
CAS or Chemical Name:
CAS Registry Number:

LEAI) STYPEINATE
LEAD TRINITRO RESORCINATE
63918-97-8

ExposuT'c standards:                                                                 .None established.

Issued:   April,  199S Page 2 or7
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Remington Arms

REMINGTON   ARMS

Materiall _ Sofilapl Data Sl.Ieet

C.`S or Chemical .`.iimc:
CAS Registry Number:

.VICREL
7JJOJ)2u

E=posuft Standards:
PEL (OSHA) ....................... TWA Soluble Compoulids:  0. I  mg/rn.

TLV.(ACGnD............#£[[¥o°iu3':3Compounds1.ortym]
(Proposed: TWA 0.05 mg/tn] ; human carcinogen)

..-.... __I_======______                   _I_I_____I____...     ____ ......     _           ---.----------..       I                                        --------------  =  --..... i:______                      [=iL___

Trade Nanc:                                NITRO CELLUI,OSE
GAS or cheDjca) Name:            CELLULOSE TETRANITRATE
CAS Registry Number:               9004-TOO
Exposure standards:                   None Established

CAS or Chemical Name:
CAS Registry Nunbcr:

hrmoGL¥cEEN
55{30

Equsure Stand ard!:
PEL (Osm) ....................... Transitional; TWA tr 0.2 ppm (stan)

STEL 0. I mg/m3 (rfu)
TLV (ACGnl) .................... TWA o.05 ppm (skin)

GAS or chemical Name:            TETRAZENE
CAS Registry Number:                109-27-3
Elposorc standards:                   None established.
_________     _______=      _-__       ______I   ..----                                         ___I_______      _   --...  ______I   -----.---          I   --------   I      -..-`±   ----   :      I___..      .          ____I

CAS or chemical Nalne:            ZINC
CAS ReSstry Number:               7t+OJ56<
Elposure standards:                   None established.

EmergcDcy overview:                   Accidental fire or explosion lnay cause severe injury or death

PotetLtial Human Health Effects:
Skin Contact:

E}.e Contact:

Inhalation:

Ingestion/Absorption:

May caiisc allergic reaction (scn5itization) in suscapthle individuals.

Lead dust and fumes can irritate the eyes causing redness and
discharge.

Inhalation Of lead dLLst or fumes lnay cause irritation to nose, thrcat`
upper reapiratory tract and lungs.  hitation may lead to bronchitis.
hcadrche. lowering of blood pressure and wcakncss.

Ingestion may cause sevcrc headache, mLLsea. vomiting, abdolninal
pain. fa(igue. diaJThea. trembling, ringing in ear and salivation.

Carcinogcnjcit}. hfomation:      This product is not classified a carcinogen by lARC. OSHA. NIT or
EPA~  Lead is classified a carcinogen by IARC,

Issued:   April, 1995 Page 3 of 7
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Rendrigton Arms

REMINGTON   ARMS

+(aterigt Sofapi Q_ate Sheet

rv. FusrAn ninAst;HEs .

Skin Coatact:

E.ve Contact:

Inhalation:

Wash affected area thoroughJ}. with soap and w.ateT.   Rcitro`.e contalrinated
clothing.   Wash clotJLing tJroroughly prior to reuse.   Discard any contanina(ed
lcathcr items (i.e. shoes` ctc.).

If wearing contacts. inmcdiately remove contact lenses.  Hold eyelids apart and
flush eyes thoroughly with wa(er for a( least 15 minutes.  Obtain medical
attention immediately.

Irmcdiately remove to fresh air.   Administer artificial respiration. if necessary.
If breathing is difficult. administer oxygen.  Obtain medical attention
i-ediatcly.

hg€stion/AI]sorptiof]:      If conscious, drinlc large amounts of wa(er.  Induce volniting.  Imznediately
contact a physician o[ Poison Control Center.  Wevcr induce vomiting or give
anything ty mouth to an unconscious person.

mammat]lc Propcrtics:

Eringuishing Media:

Refer to fBkfls Ra/ing.  May ignite if hea(ed to 250°F.  Will ignite when
exposed to flame and high temperatures.  Be cautious of shrapnel.

Flood  fire with `h/ater (o fight fire and ccol shells.  If no `rater i§ avajlablc.
use cafoon dioxide, dl]/ chemical or earth.

Fire-FjghtiDg IDstmctioELs:     Evacua(e area immedia(ely.  Deluge area with water.  Wear full fire-
fighting protective gear including face shield or SCBA to protect from
shrapnel.

Safeguards:

Spill C]canup:

Accjdetital Release:

Remove from all sources of ignition.

Use nonsparking equipment to clean up spin.  If disposal is necessary. .refer
to .XIII. DISPOSAL CONSIDERATIONS .

See above.

Personnel Handling:

Stol.a8e=

Handle with care.  Do not strike or cnish the rounds.

Store in original containers in a cool, dry. well-ventilated area away from all
souTCcs of ignition.  Do not subject to mechanical shock.  Keep out of reach
of children.  Tis product mwsr nor be stored with acids` strong oxidizers or
caustics.

Issued:   April,  199S Page 4 or 7
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05/27/99      THU   13:01   FAX

Etemirigton Arrs

REHINGTON   ARMS

Material Sod!Eg!_ Dg±p S_Beet

. irm: :REEEsoNAI; rm¢rEer]Ci

Engil]ecring coutrols:                      N/A

Personal Proteeti`.e Equipment:   .  Safety glasses rccomlnended when handling or firing rounds.
•  Hearing pro(ection recommended when filing rounds.
•  Use of NIOS"SHA-approved respintor requind when exposed

to fumes aLnd/or d`ist in an enclosed or poorly-vcutlated area.

Exposure Guidelines:

Elposur€ Limits:

•  Keep product away from sources of accidental ignition

•  E.xposure limits listed with each hazardous cherical.

pErvslcAL DATA
Ap|)earance: Projectile: eylindrical: graprish. silvery color

Case:  eylindrical; t]ronze color

Form:
Color:
Odor.
Boiling Point:
Speciric Gravity:
Vat)or Density:

Solid
Vinable
None
N/A
N/A
N/A

Evaporation FLatc:
Melting Point:
Solul]ility in Water:
pH:

Chcnical stabilfty:           Stable under norlnal use conditions.  Will no( react with water.

Other Elarards:
hcompatibility:         Incompatible with acids, strong oxidizers and caustics.
Polymerizatioi):          Will not occur.

CoDditious to Avoid:         Flames, sparks, perc`ission. shock. static, high tempcrat`ires (266°F or l30°C)

Oral LD 50:                     No available data.
Dernal LD 50:               No available data.
Inhalation LC 50:          No available data.
Irritation:                          Not a skin or e}.e ifTitant.

Aquatic-Toricity:
Lead a.C 50) to Bluegill:   2-5 mgA
Barium to Stickleback:  loo mgn
Barium Nitra(c to Stickleback:   760 mg/1

Environmental Impact:

When used and disposed of properl}.. (here is no kno`m environmental impact.

Issued:   April, 199S Page 5 or 7
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05/27/99      THU   13:02   FAX REHINGTON   ARMS

Remi ngton Arms                                                                        Material Sod_rtypatosf\eet

Tis product is considered a characteristic hazardous tras(e per JO CFR 261.24/„ ftysalp«pofes
on/y.  Dispose of as required dy local, state and federal haws and regulators.

IPA Hazardous Waste Code:  D008 acad)

sHnpING INFO RMAnoN
Proper Shipping Nanc:
E[azard aass:
unINA NO:
Pacthg Grmp:
shipping Lal]ci:
Spedal IDfornation:

Crmdges, Squn iha
ORM-D
N/A
N/A
None Tcquired.
hdry be rcclassificd iutematiotially as:

IIazard class:         I.4S
UN/NA No.:           tJN0012
PachigGroup:     11
Shipping Label:      I.4S label

U.S. FEDERAL REGUIAHONS
TSCA hvcntory Statt]s:  Included on list.

HAZARI. cLAssmcATloN
Chronic Health:
Acute Health:
Fire Elazard:
Pressure Hazard:
Reactivity Hazard:

Headache, musca, wealcness
Ancttria. elhoryotoxin.
0 ifel HMIS Rating)
Sudden release of pressure.
\ ctl Huns Rating)

NFPA Rating:    Not established.

NICA-HMIS FLatiDgs:
Health :                 2
F]anmability:     0
Reactivity :            I

References:
Code Of Federal Regulations. .\lonlhl.v Summary. CFR.19\0.\200(8) and A.p:pendi* E a.).

RegulatiorLs Management Corporation. Bloorfungton. Indiana. July I.  1994.

IIazardous Chemical Desk Ref ierence:  Third Edition` Richard I. Lwis` St.. VanN®sllandE.einh!ald.
Copyright  1993.

.Imerican .+ational Standards [nstitute` ZJOO.I-199`.

Inlemaljonal Slandards Organi-.alion Saf ety Data Sheet Slandard.

Issued:   April. 199S Page 6 of 7
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R_e±gtor\ArnFS

REMINGTON   AIMS

Maleti_al§gif_etyDalasheet

ACGH            American conference of Goverrmental lnchistrial Efygicnists
AHA WEEL American hdustrial rtygienists Association-Wo[lplaee Emrirormcntal Exposure ltvel

ra 0 0 8
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AVSI
BEI.
GAS
Cm
CL
DSL
IPA
EDus
rmc
IATA
ICA0
rsohm
USRA
NFTA
NIOSH
NTA
NIP
Osm
OEN
PEL
SCBA
SThL
TLV
TSCA
rvA
tININA

American National Standard Institute
Biological Exposure hdexes
Chemical Abstrac( Service
Code of Federal Rcgulatious
Ceiling Linits (not to be exceeded)
Domestic Substances List
Emdronmental Protection Ageney
mzardous hfaterials Identification System
ht¢mational Ageney for Research on Cancer
htemational Air Tranaport Association
hternational Civil Aviation Organization
lnte"tional Standards Chganization
hGnistry of nternational Trade and Industry (Japan)
REne Safety and Health Appliance
National Fire Hotection ALssociation
National Institute for Occupational Safety and IIealth
National Transportation Ageney (Canada)
National Toxicology PTogram
Occupational Safety and Health Administration
Other Regulated Materials
Pennissible Exposure Limit (OSHA)
Self.contained Breathing ApparatLis
Short-Term Expos`lre Limit
Threshold Lirit Values (ACGHD
Toxic Substances Control Act
Time Weighted Average
United Nations/Nbrth American adentification number)

For additiotial information, please contact:

RemiDgton Ams Company, nc.
Consumer hfomatioD
WilmingtoD, DE 19805

(800) 243-9700

The informtion contained in this .t/alen.a/ Sa/edy Data SAeei is provided to all individuals who are or will be
e)cposed to this product through `ise, handling, Storage or transporl  Remingtm believes, yet makes no `ralTanty. that
all  infomndon contained in this document is culTent as of the date ofpuoucation.

Issued:   April.  1995 Page 7 of 7
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aENERAL MOTORS cOFipoF`ATioN
MATERIAL SAFETY. DATA SHEET

SECTION  I

SECTION 11 - lNGREDIENTS
(llst &11 lngredlentS)

C^S  FltcISTflY  NO, TIW hv cHEwun H"€tsi

•:''#.tits:A,€#?.I

7664939 37 SulfuTlc   ^¢1d `

77)218S A190 .    Water HA__-743.9_22I
1,eld       _     _ W^

S€para[O,.,--..--

D€remt¢ -_,,_

--    _ ,---1

¢aso,dud   |overi      PolyDro.Dvl€ne   (Pla][Ic`

SECTION Ill - PHYSICAL DATA_'O,_"a pot"in.I  _i
I-.'...-

Iv   al2a__
Av aa!a   L2SO   ±   .01

¥,AEpiEsSuR[¢  dr+i3fa  a otl *RctNT v-oL.^TiuE .y voLUM€ mi
tl^ #Ei8H¥T,£9uolv .`

VAPOR  O-(NSITY  |AIR-1|
NA

avApoA^TioN h^Tt I              . I I
\.

soti'eti.InlNHrsACT!8ie      --        T- giv.                                         _  { 1.a
A'Ja€tA#hs€u|"ipte°q!aJtd  (acid  ¢ont3nt)                                    _      __   ['SMffi.|m¥u'°     P¥!_

SECTION IV - FinE AND ExpLOSION HAZAHD DATA
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-Ev I ivry y-n=J+I I rl hA"HP gATA
I   !ptEE7s  of ov€F!€X?C)   UAE  -¢on®lliaoi to Avoid RTELsffiu#'ELLAULEL#=Y:LLE:=J-
Tdcst.ruj_tlon  of  body   tl86u.   (buru).                                '. O"MuwrT  [=]    -                   ."     LIT  a  ^Ei
I

PllMAAY  ROu S OF ENt"   lnh.I.lion  a

AND flAST AIDI--
ttentl

Stiri Coot.a i;   Oth.l |tl®n
i   Do  not  .*c.ed

lNCE ST I ott I

.g/rna  "^' a.move  to  f 8n   ,|E.      Get

Do  Nor   ltiduce  vowliln8.   -Clv.  B11*  Alx.d-vl¢h-ee.

SECTION vl-REACTrviTy DATA

i-,lift
uNST^el= I CO-N6Tfi6Ns to ^VOIO          -

tAelt
X r__

rlfu-coWPATlollltY lm.I.0.l. `O.'.`d'  jxtdi2.,g   or   reduclnfl   ma[erlal9

HAZAROOU    OECOMPosmoNPR0°UCTS:   then   heated,   cln   eulE   hlzhlv   [oXIC   fuh.9.

HAZARDOUSpnlyLAcpl2.LTiow fi   . .   .   I ¢oNDmoN§ Ta ^vOIO __-
will hat oC¢un  L i£-
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AN§UL®     ##ftF€,#sT4T#3¥.¥54=

E-KAN BO1

MATERIAL  SAFETY  DATA  SHEET

FORAY
lDENTIFIEn  (ln  Plani Common  N&iTi®)

¥aamnuel:actor.'..    AN§UL FIRE  moTECTION                                                                           Eat:pmagNo.;     (CBEE)M4|EE98oo

^ddre5i:                One  stantan  §Lreet,  M@/inette,  W154143-2542                                              0Ihar lnlormation  015)  735-7411Call,:

pr®oafco  Ely:         §alety  and  Health  Department                                                                                    Da`o  P/eparad:      April  22.1994

SECTION  1  -  IDENTITY

FT°mmdT°#a#em®a;o{u€#o:;jS¢O        FOF}AY  Dry  chemical  Exllnguishlng  Agent                    CAS No.:          N/A

ChBmjcal                   N/A  This  is  a  Mixture                                                                                                    Chemical          Mixture
N ame:                                                                                                                                                                                                             Fa n`ily:

Fern u la:                    N/A

SECTION 2 -  INGREDIENTS
PAFtT  A  -  HAZAFIDC)U§  INGF)EDIENTS

Princii]al  HazerdouB  Camponont[s)  |chemjcal ELnd  commoil  rlame(3)): W'.% CAS  No.                     ^CGIH  TLV              Acui® Toxicjiy  Daia

Magnesium Aluminum  SilicatB  (Attapulgjle  clay) 5.7 8031-18-9             10  inI/MJ           N DA

P^f)T B - O"Ef]  lNGREDIENT5
OLhe/  Component(i)  (chemical  e^a  corrmori  namo{s)): VV'.  % CAS  No, A¢u`e  Toli¢j`y  Dal9

Proprietary Mixtures  af: 65rd2 7722-76.1 Oral  (Pat)  LD5o
Monoammoniiim  Phosphate 5750  mg/kg
Ammonium  Sulfate 1 2-22 7783-20-2

gorgL(:aj)k:D50
Calciiim  Carbonate <2 1317.65-3             10  ing/MJ           N DA

Mathyl  Hydrogen  Polysilorane <1 63146-57-2 NDA

Yellow  Pigment <.05 5468.75-7 NDA

SECTION  3  -  F]HY§lcAL  AND  CHEMICAL  CHAF)ACTERISTICS  (Flre  end  Exploslon  I)ata)

i:i:?:g
N/A

§Prae;i'#Cqu2o  „      N/A                 yma#OrH;)I:assure     N/A

PBrcanl Vol.lil.byVolume(%): N/A
(VAi,Pa[Pf:nEily                 N/A Fvapo.ra:i)?n  Rate          N/A

?"0#%,#. Sligh' aej:act,(:`lly ln                  u n rea ct ivB

rfu#-8£onrT Yellow colored  powder,  no chai'actori§tic  odor

Fla3h  Paint: None F7ammaele  Limits          N/A E xii ng iil3ha I                      N/A                      Au lcLlo n i Lion              N/A
ln  Air %  by Volume: M gd i a:                                                             Temperature:

;Pge#Fi',.ee€dvree:    NONE
-  THIS  IS AN  EXTINGUISHING  AGENT

Uou8ual  Fire  andE.iploEiontlaLzards: None

sECTloN 4  -  pHy§ICAL HAZAnD§
Conditions     N/A

Stable    a                                    io Avald:
Stet)iliry:                                 un±lable    C]

!#£g:.%!b,I::tzvo,a):            Strong  alkali5,  M9,  Oxidizers that  can  relea6o  chlorine  per  NFPA  43A

I Hazardous                           NH.3  and/or po.  may bB  evolved
Decompo€ilil)n  Pr6dLitl3:

=o¥#¥idon;               wiuMNaoyL ##:   i                g£S:`i8fs    N/A
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05/27/99      09:08      FAX   7853574100

sECTioN 5 - HEALTH HAZAnDs

E-RAN B02

FORAY (Continued)

sECTioN 6 - EMEf]GENcv AND Fm§T AID  pF]OcEDunEs
Eye coniect:                     Flusli  with  large  amounts  f]f water:  if  irritation  pqrsl5ts,  seek  Medical  attention.

Skin Conlacl:                    Wash  wiLh  soap  and  wEler;  it  irritalion  persists,  8eak  Medical  attention.

lnh®latian:                          f]omavo victim  lo  lrosh  air.  Seek  Medical  allention  il di6comfort  conlinuos.

lngo8tlon:                            lf  patient  15  conscious,  give  large  amoiJnts  of water  ELnd  lndLJCB  vomiting.  Seek  Medical  help.

SECTION  7 -SPECIAL  PFIOTECTION  INFORMATION

(%a#fty`oTry#leou.on     Dusl mask whBrB dustines6  ie  pr.valent,  or TLV oxcEiedod.  Mechanical lilter respirator il exposure isprolonged.
Venlilofon:                       E#ut    Discretl.anary                                    (MGeBcnho#+;:al      Recommended

=|##:''e                       N/A                                                                   5#,ee,k,n:      :xepcpoo§mure?nd.d  Bs mechanical barrier for prolonged

8#,'h:npg'%'rceE!Yuipm¢^r.    It  irritBlion  Occllrs,  long  Sleeves  and  imperviolis  glov®s  should  b® worn.

§ECTioN a ~ spEciAL PRECAUTioNS AND spill/LEAK pFiocEDUREs

:r.H¢fnu:i,?nng!£db:,:arak#:            Should  be stored  in  original  conlainor or Ansul  nre oxtingui5her.

9.':8utlan5:                                   Do  not  mix  agents|.

&`:,%9ri:? i:eRtFek:nine?%;„,ed:  sweep  u P.

#e#;±D!Epesal                            Dispose  of in compliance with  local, State.  arld federal  regulations.

HAZARDoll§  MATERIAL  IDENTIFICATION  SYSTEM  RATINGS
HAIARD "DEX:
4   SIIvere  Hazard -i HEALTH
g   Serieu.  Hazard2ModeratoHazarEI

i FLAMMABiLrTy
1    §ll9h`  HazardaMinimalHazerd i F`E^CTIVITY

N/A  I  Not Applicable              NDA  =  No  Data Available

^NfiJL .nd Fon^Y ale r.®ieierea t/ed.maTts.

AV§i.L FIRE F]FUTECTroN. ^AAF]iNETTE. w s4i 43€542            71 i79s-71. 1 fom Na. i.BsO084        ®`?91 WarmBld u,S.. In.            LJ`ho ln ll.£^
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ca DEEFtE  a  COMPANY
John D®ere Road, Moline, lL 61266
I-BOO-822-8262

Material Safety Data Sheet

JOIN  DRERE  PF`ODUCT  NARE:     t[y-a.I?a  I..zl.IIL1..1ozL  ut  tfydLE.ullc  Oil

mTA  SHEET  NO:   8503-40,loo
IATEST  REVISION  DATE:    15   Feb.    1989
DEERE   CODE:      Y3,    Y38,    XN,   Y4
JDM   PART   NO:   TY6237,   TY6238,TY6278,

T¥6354,   m69444,   m69445,
TY22028,   TY22062,   TY22077,
TY22078,    TY22079,   TY22080,
TY22092

--------------------------  8|enor I  -  mcoUcT IDRElrlcl!TlcIN -------------------------

CHEMICAL  NAIG  AND  SYNONYMS:      I.ubrlc&tlng  Oil;   Hydraulic  Fluid;   J20C
CH"ICAI.  FAMII-Y:     Hydrocarbon                                          FO"UIA:     Complex

--------- ~ ----------------. BcflcAV 11  - nzAnBcO8  "Guelm&  -------------------------

INGREIENT
Solvent  refined,
hydrotreated,  heavy
paraffinic distlllate

Solvent  refined,
hydrotreated,  middle
distillate

PERCENT

Severely  hydrotreated
light  naphthenic  distillate

Polymeric  additive  in  oil
(poly-methacrylate)

Additive  containing  zinc
dialkyl  dithiophosphate

|TN/PE;I

SO-60                       S  ng/m3*

0-25                      5  ng/m3+

a-25                      5  mg/m3.

10-15

5-6

None

None

V. P.               9hi

64742547

64742467

64742536

None

fixture
*for  oil  migtB
-----------.-----.-------------. |cglcw Ill  - ptB8Ic^L a^=L -----------------------------

BOIIilNG   POINT:      N.A.                                                                              SP.    GRAVITY    (WATER=1):      0.89
g  VOIATILE  VOI,UME:      N.A.                                                               E`mpoRATION   RATE:      N.A.
VAPOR  I)EN§ITY:      N.A.                                                                       Sol.UBII.ITY  IN  VATER:      Insoluble
APPEARANCE/ODOR:     dark  amber/slight  odor                N.A.   -  not  available

----------------------  s=cTlcut rv -  TIRE  I mloslaer mzARD Bl=L ----------------------

FIASH  polNT:      39o°   F     c.o.c.                                                FIArm4nel,E  I,IMIT  -   LEI:     N.A.
EXTINGUISHING  REDIA:     Water  fog,   foam,   dry  chemical,   carbon  dioxide,   or  halogenated
agents .
SPECIAI,  FIRE  rlGHTING  PROCEDURES:     Do  not  u.e  a  direct  .Cream  of  Water.     Product  will
float  and  can  be  reignited  on  &urface  of  water.     Cool  fire  exposed  containers  with
water.     Use  NIOSH  approved  8elf-contained  breathing  apparatug.
UNUSUAL   FIRE   £   EXPLOSION   IIAZARI)S:      None
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ca DEERE  a  COMPANY Material Safety Data Sheet

DA]A  SHEET   NO:      e5o3-40,loo
Page  2

---------------------------  &&cTlcAV v  -  tqEAL" mz^RD  nAZL ----------------------------

EXPOSURE  I.IMIT:      See  Section  11  -  Hazardous   Ingredients
EFFECTS  OF  OVEREXPOSURE:     Exposure  to  vapor&  or  ml8t8  of  thle  product  may  cause  mild
upper  respiratory  tract  lrritltlon.    Prolonged  or  repeated  cont.ct  may  cause  various
skin  disorders  such  a3  derznatlti.,  oil  acme,   or  follicullti..    Eye  contact  i.  minimally
irritating.    Effects  of  ingestion  are  expected  to  be  relatively  non-toxic.  Exposure  to
product  may  aggravate  preexi.ting  .kin  and  respiratory  conditions.
ERERGENCY  a  FIRST  AID:     E]!s±  -flush  with  water  15  minutes.     Skin  -remove  contaminated
clothing;  Wash  .kin  with  soap  and  water;  1f  material  1!  1njecE=Funder  the  Skin,  do  not
wait  for  8yxptozng  to  develop  -  get  medical  attention  proxptly  to  prevent  Serious
daznage.     Inhalation  -  remove  victim  to  Ire.h  air  and  provide  oxygen  lf  breathing  is
di££icult.     Ingestion  -  do  NOT  induce  vordting.     In  all  cases  seek  zriedical  attention.

s=cHcni vl  -  n=ACTIvlH  t]LZL
STABIIIITY:      Stable
INCOMPATIBIIilTY:     Avoid  open  flame,   and  oxldizlng  RAterlal.
HAZARDOUS   POI.YMERIZATION:      Will   not   occur
I)ECOMPOSITION.  PRODUCTS:     Dependent  on  combustion  conditions.     A  coztplex  mixture  of
airborne  Solid,  liquid,  and  gal  vlll  evolve  when  thl.  material  undergoes  pyrolysis  or
combustion.     Oxide.  of  carbon,   3ulfur,  pho3phorouf ,   and  other  unidentified  organic  com-
pounds  may  be  fomed.
----------.--------------  8=c*Icrty VII  -  spIIdi cm I=^x mocptm=  ------------------------

STEPS   TO  BE  TAKEN   IN  CASE  MATERIAL   IS   RELEASED  OR  SPIIil.EI):   Dike   and   contain.   Use  vacuum
or  an  absorbent  such  as  clay  or  sand  to  pick  up.     Flush  area  with  water  to  remove  trace
residue.     NOTE:     This  product  i.  cla!!1fled  .&  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  vater!  or  any  watercoLir!e  or  .ewer  leading  to  surface  Waters,
must  be  reported  to  the  National  F`e8pon3e  Center  800-424-9802.
WASTE  I)ISPOSAI.  METHOD:   In  accord  with  federal,   State,   and  local  regulations

-------------------  8ECTIOw VIII  -  pRodcIr`n loorndErs  lueRAplcAV  -------------------

VENTIIATION:     I-ocal  exhaust  to  keep  TIJV/PEI,  below  acceptable  levels
RESPIRATOR:      NIOSH  approved  a8   needed                        EYE  WEAR:     Recomended
GliovES:     Recomended  to  minimize  skin  contact    OTHER:

---------------------------  S=CHOu IX  -  8ttcIAL Pf`lcAflICAVS  --------------------------

Minimize  skin  contact.     Wash  with  Soap  and  water  before  eating,   &moking,   or  using
toilet  facilities.     Launder  contazbinated  clothing  before  reu!e.     Propel:ly  dispose  of
contaminated  article.  including  .hoe.  that  cannot  be  cleaned.    Store  in  a  cool,  dry
place  with  adequate  ventil.tlon.     Keep  .Way  from  open  flame..     Keep  away  from  children.
-----------------------------. ]ctlon I - DAZL m=rmTlcpr ----------------------------

NARE:   T.   M.   Snyder,   CIH                                                       TITliE:   Industrial  Hygienist

SIGNATURE:                                                                                               mTE:      January  29,1998---------------------------------------------------------------------------------------
The  lnfo[eiatlon  coTLtalfi.d  h.I.1n  1.  b.11.v.d  to  b.  .ccu[.t..  I]ouv.I,  no `rafr.fLty  li  expz'.I..a  or  lfApll.d  (-g.rdlng  th.
accuracy ot  theg.  data  or  the  r.sulc8  to b.  obt.ln.a  f[ou th. u..  th.I.of .    V.ndor  ..sun.g  no r.aponslblllty for  lbJury
to  v®nd®.  o[  third  p®r!oAs  proxl-at.1y c.u!.d  by  th.  bat.rl.1  1f  `r..son.bl.  3af.ty pz.oc.du[.a  .r.  tLot  .dh®[.d  to  .g
•tlpul.t.a  lli tti. a.t. .h.®t.    f`irtt`.nor.,  v.nd..  .3.un.3  th.  fl.*  1b u8.  of th. .|t.rl.1.
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CITG0 Pcfroleum Corporation
P, 0. Box 3758

Tulsa, Okinhoma  74102

Material Safety I)eta Sheet
Tnd¢ Name:           CITGO No. 2 Fuel Oils, AI[ Grndes          Date:  September 26,1997

CAB No.:                 68476-30-2                                                       Commodity code:       AG2F0

Sysonyms:               Fuel oil, No. 2                                                 Technical cormcc                (918) 495-5933
Medical Emergency:            (918) 4954700

CITG0 Index No.: 5388                                                                   CEEMTREC Emengepey:   {800) 424-9300

IVIATERIAL IIAZARn EVAI;t7AHON
(Per OSIIA I]azard Commt]nication Standerd P9 CFR 19 I 0.1200])

Health preeatitious:     DAI`TGER: Hamful or fatal ifs\wllowed; can enter the lungs and caps€
damage.  Cofitains Pefroleurn Distil]8tes.  If s`velloved, do not iliduce vomiting.
Call a pliysician immediately.  Keep out of mach of children.

Safety precaudous:       Combustible Liquid.  Keep away from heat, flame and other potenthl ignition
sources,

HMIS R4tingl :               Health: i.                        Flanmability:  2                           Rfactivity:  Q

1.0 GENERIc croI\moslHON / cOMpoNENTs
Compo.ehtg Cus No, % H"rd Dlta
p€troieun Distil]8tcs 68476-30J2 loo Chat LD5o (rat):                  9.0 mvkg
(A complex mbmue of hydrocarbons, Dermal LD (nbbit):        > 5 gmthg
having a `ds¢esity [ange of 32.6 SUB DetTnal scusitizfltion:      Nonsensiti2ing
to 37.9 SUS at 37.7. C (100®F).) Skitt (rabbit) :                     lTrfuit

Eye (iitbbit):                        Mild irrfuazit
Tcntogenesis (rat) :         Negatl.ve

2,0  PHYSICAL DATA
PfTYS[CAL IIAZARI) CLASstFICATI0N (Per 29 CFR 1910.1200)

Combustible yes Flanmdrlc No ftyrophoric NO

Compressed Oes No Organ ic Peroxide No Eedvity NO

Explosive No Oxidizcr No Stable Yes

....i `Haznd Rating:    lca5ut:    sl.Lght-I;    "od¢Fste+2;    high.3;    ¢xtrenc4.

C[TcOe=sigDeducseVIibesbapedot]onevdustion.cowhicted.pus`ianl.toNPC^gtiid¢tima..'UscofendsteTist

g#+ELifeii:i,-,ny±ca:#~%±+:Iij`:,i.£i,--LLri±Ei:::±±i±::
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2.0  PHYSICAL DATA (continued)
Boiling Point. 760 mm Hg, OC (eF):
Specific Gravity (0 .F) (H20 = I ):
Vapor Density (Air = I ):
% Volatlles by Volume:
Melting Point, °C (®F):
Vapor Pressure, mm Hg (25 °C):
Solubility in Water:
Evaporation Rate:(n-butyl acetate = I ):
pl] of Undiluted Product:
Appcarmce and Odor:

Dyed:
Undyed:

816   746    5544   To    178586453i?                  p.®2za7

^

160 -360 (J20 -680)
0.84
>1

ND
-29 (-20)
2.26
Neg'igit,Ie
<'
NA

Red liquid, petroleum odor.
WfLter white to yellow tinted liquid, pctroleLim odor.

3.0  FinE AND ExpLOsloN DATA
Flash Point, CK=, oC (oF):
Flash Point CC. °C (aF):

£FpoAgn£gnngI:mp¢rfure,®c(oF):
FI&[nmable Limits r% by volume in air):
Extinguishing Media:
Special Fie Figliting PTcroedur€:

UnLLsoal Fire or Explosion Hazard:

4.0  REACTIVITY I)ATA
Stability:
Conditions Contributing to ltistabi lily:
IncompEtibility:
I+azardous Decomposition Products:
(th€rBial, unless othonrise specified)
Hazndous Polym erizndon:

ND
52 -85 (125 -185)
254 - 285 (489 , 545)
Health:  Q           Flalnmability:  2              Rcaedvity:  Q
I-over.  Q£       Upper:  ZJ2
C02, dry chemical, foani, unter fog
Wear self-cotttained breathing apparatus when in a
confined area.  Structural firefighter's protective

#*P#r::vYi`#p#¥ke##*npE:t##T;MSDs
may release irritating fumes.

Stchle.
Heat, flame.
Chidizing agents,
Carbon dioxide (C02), smoke, fumes, hydrocahoons,
carbon fnoDoxide (CO) aJid Oxides of nifrog€n.
Hazndous polymerization is not expected to occur.

5.0  spn.I., LEAK AND DlsposAL pRocEDUREs
Proedpr€ ir Material is S|]illed:
I     Remove sources ofheut or ignition: provide ventilation; contain leak.
I     Small spills:   Absorb released material with »oft-combustible absorbent.  place into containers for

later disposal.  (See Waste Disposal scetion below.)

]Hazgrd Razing:   ..|cano;  . align(.I:  . med¢ra!e-2;    high.-3:  .. cxtrsth¢4.

assigred dide veldtsCITcO bdsd o'n th crfuluatjch. edndtictcd pdrs.uaqtfo NFp^ guideiihd.
!ffi.ed.......,.EstalbI,.. NELNot

clTapvry9,.:;2#3i!O`!.i`-A,iG:q€.i:;.#O:..#¥F;,2ffi>in.7i..cry:538!,.. .,..,. ',.`:.'.rfei.i:'6-f`?. : ;..,
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5.0  SPHJL, LEAK AND DISPOSAL PROCEDURES (continued)
I     14ange s|]ills:   Evacuate aca iR the cv¢nt of significant spills.  Adequately ventilate arcs and

detemiine potential ¢xposLire condi(ions.  Exposure potential may require the t[se
respiratory protcetion.  Use protective clothing,  CoTitain spill in temporary dikes to
avoid product migration end to assist in recovery.  Do not allow material to escape
into sewers, ground w4[ter, draimge ditches or Surface waters.

I     Control igliition sourees around spill area,  Use of a fire fighting foam blanket on spilled mat¢ria]
will reduce vapor re]easc and fire pot¢ntial.

•     Administer rirst aid, 8s needed.
•     OSHA rcg`lt8tious may requif¢ establishing a regulated anea with si(e control.
•     kepoft spills as rsqui]ed to 8ppropriute federal, state and local authorities.

Waste Disposal :
•     lt is the responsibility ofthc user to detcrmitte if the materi&t is a hazardous waste at the time of

disposal.
•     Thnsporfution, tTeatmen| giv"ge and dispese[ of waste h8t¢fial must be conducted in accordance

with RCRA regulations (see 40 CFR 260 through 40 CFR 271 ).
I     State and/or local regulations may b¢ more Tedctive.
•     Contact the RCRA/Superfilnd Hotline at (800) 424-9346 or your regional us EPA office for

guidance concerning case spcoific disposal issues.
I]roteettwe Measulcs Dt]riBE Repair and Malt]teiiatL€e of CoiifaDlbated Equtpm€nt:
I     Rofcr to section 7.O -Special p[oteetion lnfomation.
•     Keep umuece§sary persons from hazard area.

:3::,:vd::gfucq:j±moefnjLm=niv::::::a'£8isns°u:::uth:a+#Yeesndprotedvec|othingifdhat
contac( is anticipated,

•     Provide ventilation to maintain exposiirE potential below aFiplicab[e exposure levels.
I     Elimimte heat and ignition sources.
•     Remove contaminated clothiDg.
•     Wash exposed sl{in thorougivly wittt soap end w[[er.

6.0  EEALTH IIAZARD DATA
E[edtb IIlzird Classification Oer 29 CFR 1910.1200}:

Hithly Toxic No §ensitizer No

Toxic No Raproducti ve Efrccts No

Conosive No Mutagen No

lrfut Yes Tnget Organ (Skin) Yes

Cacinogen:
PHrduct/Compotient CAB Nol Cone.(./®) rum IJLRC OSH^ O'hcr

No; 2 Fuel Oil 68476-30-2 loo No Gngup 3 No ND

Toricity Su-ry: If s`mallo`ved, this material can enter the lungs and cause severe dafliagc.
TTiis material cafi cause skin initation.

NDLttom..
€iiiEfo'riJ:.r3-F-u=i-oils,Alichdis.{AcaFo.seri`chdel26,iri7..CIN;.53§8)
NATNct rtyplicable

Ptse 3 of 7
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6.0  HEALTH IIAZARD DATA (ctlntinued)
Major Route(a) or Entry:           Inhalation ofmists or vapors.  Skin contact.

^ctltc Expusur€ Symptoms :
Inhalation:        Inhalation ofmists or vapors above applicable workplace exposure levels call cause

transient caphoria. respintory tract irritation, gastrointestinal iTTitatiof`, headache,
d.L2ziness, or central Tiervous system depression.   Sfudics with let)oratory animals suggest
that bronchoconstriction and respiratory impairment are associated with inhalatioii of
high concentrations of fuel oil mists,

D€rmal:
Eye!

-    ID8estioD:

This material can cause Skin irTifation.

Illis material cap cause transient eye iTTjtation including stinging, tearing and 6w®lling.
Symptoms of fuel oil ingestion call include burning of moutli and upper gastrointestingl
tmct, stomach cramps, coughing. dro\lrsiness, restlessness, irTitat]i] ity, vom iting, diawhe=
and unconsciousness.  In addition, breathing difficulty may develop..  Coughing,
pneumonia and prinful breathing can suggest tut the product lus entered the lungs.
Ingestion of large concentrndons of product can cause convu[sious, coma and death.

Injection:          Injection under the skin, jn mqsclc or into the blood stream call cause irritation.
it`flammation. swelling, fever, and systemic effects, inc(uding pulTnonary edema,
•pneunonia and mild cenml nowous aystcm depression.  Inj-ection of presstlrized

hydrocarbons call severe, pemanent tissue damage.

Chronic Exposure Symptoms:
The products represented by this MSDS contzLin a tTt i]cture of |]etroleum hydrocarbons commonly
referred to as "middle distillates."  Laboratory data have associated some middle distillates with
skin cancer when the material is applied [€peatedly over the lifetime of the .test anim.al.
Middiedistil]atessiTnilartotliepToductsrepresentedb}thisMSDShavebeenassociatedwith
liver and kidTiey damage in subchronic (90 day) jf`halation studies of. male rats.  The relevance of
these findings to liuman health is unclear.

Prolonged or frequent contact can cause the skin to dry or crack.  Al.so, Ions ten d¢rmal
exposure can catJse all irtflanmation of the skin marked by redness. pain or itching (deT7natitis).

Other Specrfu EfTRE:
None.

Medical Condltlou Aggpvlted by Exposure:
Individuals with chrofiic respiratory disordtrs. liver dysfimction or kidney disease can have these
conditiolis Aggravae¢d by elevated exposure to vapors, mi5ts or aerosols of this material.

First Aid and Emengetiey Procedures rot A€i[te Effects:
Inhalatlo'D:        Move victim to fresh air.  If victim is not breathing, immediately begin ¢ardiopulmot`ary

Tesu§cit4tion (CPR).  If breathing is difficult.  loo percent hunidified oxygen should be
administered tly a qualified individual.  Seek medical attention immediately.

Dermal:              Remove contaminated clothing.  Wash exposed skin with soap and water.  Launder
clothing before use.  Sect medical attention if tissue appears damaged or if irritation
peTsi§ts.

Eyes:                   Flush eyes with cool water while occasionally lifting and lowering eyelids.  Remove
Contact lenses if won.  Seek medical attentioTt. if excessive tearing, irritation or pain
pe`s.us.

~r
I icy.ed ..`:.:.1'...

8fi-%Jpr?:ij.E`#dii-=lio-TjF'{.i,G2Fp...`Sfr#F;.£H##,?..i.giv,;3~#!):,-;,:.:-„,.TT:#',icho¥7,.:.,..,,
NEENot Estch
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6.0  REALTH IIAZARD DATA (€ontiilued)
Ibge!tiotL:          Do not it`duce vomiting.  IfspoTitincous vomiting is about to occur, place victim`§ head

below knees,  Never give anything I)y rTiouth to a person who is not fully conscious.
Seck medical attention immediately.

Ii)jcetiom          Injection under the skin, in mtLsole or into the blood stream i§ a medical emcrgeney.
Seek medical attention immediately.

Notes to PbysiciatL:
Inhalations       If cough or difficu(ty in bmathing develops, €valu8te for respiratory tmct irritation,

bronchitis. or pnoumonitis.  Administer I 00 percent lium idified sLipplemental oxygen
with assisted ventilation as required.  [n symptomatic prtients (cougliing, choking,
tachypnea, eta.), monitor t}lood gases to assure ridequate ventilation.  If vied Signs
become abnomal or eymptoms develop, obtain a chest x-my.

Ingestion!          The viscosity at of this maten.al js approximately 32 Sos at loco F.  Accordingly, upon
ingestion, there is a high risk of pu[mouery espintion.  Aspimtion can ft;sult in chemical
pneumonitis or lipoid pneumonia.  Renov&] t7y carrfu[ gastric lavage with tight fitting.
cuffed endotrachcal fut]e Ttl8y be consjdeTed.

Pulmonary edema can be hanged win PEEP qud supplcmental oxygen.  Antibiotics are
indicated only if bacterial superii`feetion of the lungs occtirs.  Steroids have tiot been
sho`m to be of benefit for hydrocahoEi pncunonitis.

7.0  SPECIAL PROTECTION INFOERATI0N
Ventilatiotin€quiretneiits:

Use in viie]l vemitrfed atica.  In confined apines or when hot ITlcahanical .ventilation may be . .
rsquitt}d to maintain aiTbome concentntious below applicable work place exposure levels es
cwlwhed dy designated and properly tndhed individuals.

Appllcable Wolkplaee Expesqr¢ I+evck:

Cb€mfcal ^C#" ^CGIH TLV ^CGIH OSHA O§m PEIJ OSH^
Component TI`V rv^ STEl/ TI.V PEL TWJ| STET/ PEL

Ppb Cdlin€ (0 Skin PPD Ceiling (C' Skin
(lIlow') PPD (Bgiv)) potation? (tt'g") pl'm (mg"`) notat'ron?

Pctrolcun Distil latcs RE. NE NE NE NE NE

Specirlc Personal Proterfure Equipment:
Pesoml proeeedve eqt]ipment should be selected based tipon the coliditions ut`der which this
mderial i§ used.  A hazard assessment of the woilc area for PPE requirements should be conducted
by a qnglified professioTlal puetrmt to OSHA rngulatious.

Resphatory:     Only NIOSH or MSIIA approved equipment shot]Id be urd.  Use of an organic vapor and
dust/mist filter d.lal cartridge respirator is required when vapcir and mist concertfrotions
exceed the fLpplicab[e workplace cxposue levels.  Respimtory protection should be
selected on the basis of the Tnaximum cxpec[ed air concentration.

...i
•;....,

Eyes:
Dernd:

Clothing,Or
Eqpfpp€ptt-..

Use safeq/ goggles or chemical aplash goggles if splashing is anticipated.
Use g[ovcs constructed of impcrvioos materials sucti as heavy nitrile rubber if frequeTLt
or prolonged contact is cxpeeted.
Wear bodyLcovedng wofk clothes to iroid prolonged or repeated cxposoac.  Rcmovc
§onsqui,dBed. ct.othing one launder.,before mlsc ..,...,

NAINot APP[icablc  -
cmaoNa.2FueioiisAiidi'a{Aa2F6,.'# CIN: 5388}

NEINct
PBgc S of 7
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8.0  TRANSPORTATION AND SPECIAL PRECAtJHONS
Stonge:             Do not use or store this product near heal flame or other potential ignition sources,  Do

not store with oxidizers.  Do not store this product jn unlabeled containers.  Keep
cont&j nor closed .

Danger.             F]ammfLE]te or combustlt)le Liquid.  Vapors are licavjer tha"jr and my travel to an
ignition soLirce and flash back.  Use only in a well ventilated 8rca.  Never siphon by
mouth.  Empty containers may contain product residues which can ignite with explosive
force.  Consult appropriate federd. state and local authorities before reusing.
rceonditioning, reclaim ing, recycling oT disposing of empty corttalners and/or `Araste
residues of this product.

I}OT Inrormatlon:

PfoperShippingNane:
HBzard Class:
Hazard Identification No.:
Placard:

Fuel Oil, No2
3
UN  1202
Flanmablc liquid

9.0  ENvmoNMENTAI, DATA
Tltr±!LH±f_fie_SrtyEETfu|4tne_ti_I_m€bts_±pdF±±!±tho]±=LZBfiop_4ctoflL9_8_6f_SARI)
Section 313 -Tonic Chctnicalsi
This prndtict is not knorm contain any compotients in ooncenfrotions above de mtwinfs levels that are
listed as tonic chemicals in 40 CFR Part 372 pursuant to the requirernebts of Section 313 of SARA.

Section 31 lA12 -Hazard Catrmlies:
Thisproductmaymc¢toneormoitoftlicchtdriaforthehazardcategoriesdefinedin40CFRPart370
as established dy Sections 311  and 312 of SARA as indicated below:
Ifrmediate (Acute) Health H3zurd:          |±§                     Sudden Release of pressure Hazard:       b!g
Delayed (Chron ic) Health Haznrd :           |±§                     Reactive llazard:                                        big
Fire Hazard:                                                I§g

Section 302 - ErfetDctv Hizardotis Substatices:
This prodtJct is nat kno\rm to corfuin any conpon¢fits in concentrations grrmer than one pereent that ac
listed as Eirmemcly Hazardous Substances iq 40 CFR Part 355 purstiant to the requirements of seedon
302(a)ofsARA

Glen Water Act /CWA):
Under the CWA, discharges of criide oil and pctroLeun products to surfuce `mer without proper Fedael
and State p¢[Tn its must be reported immediately to the National Response Center ut (800) 424-8802,

Comt)rehetlsive EnvirotimeDtal Regi)obse. Comt]ensafroD & Liabiljtv Act /CERCI[AI Section L02
Ham rdous Substances:
A5 defined dy CERCLA, the ten "hazardous substance" does not inc]rde petroleum, jneluding cnJde oil
or any froction thereof which is not othe"/isc specifically listed or designated as a hazardous substance.

¥,A#ctNAo:P2'!Ft::e6ii;Auo#(.A
.,       .':

•  I ....-..   ND-Na Data

gap...*fagiv:¥;...I.ap.7. car:..,:3S;8]  ,.

•  . NE.Not.I
.~c~

' ,..... '.  .'   ; :; i...
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9.0  ENVRONMEr`ITAL DATA (continued)
California Protro§ition 65 IThe Safe Drinkjm! Water and Tories Enforcement Act`:
Wamitig:  This material contains the followifig chemicals which are whown to the Sfatc of califomia to
cause cancer, bifth defects or other peproductive ham. and arc subject to the requirements of california
F'roposition 65 (CA Health & Safety Code Section 25249.5):
Com Donent:                                                                                     E.ffect :

Diesel Engi ne Exhaust                                                               Cancer

Hell/ depev \hto=ket' and Coqumquitr_Right-toKpqu:L±g!±
Fuel Oil {68476-30-2)

Toxic Substit]ces Contnol Act ITSCAl:
Reported lp TSC^ [nv¢dtory af: Product Compor`ents

No. 2 Fuel Oils X

10.0  LABELING

PANG-ER:
HARnnuL IT SWAIAloin/ED - CAN ENTER LUNGs AND
cArtysE DARAGE
cONTAINs PETROI.Eun4 I}IslulAIEs
cOMBUstTBIIE LIQUID
cAusEs slnl rmrrrmoN
MAT CAUSE CANcm BASED oN ANIMAL DATA
TARGET 0RGAN®!  skinEIA-
Keep awry from heat, sp&rke and mncs.  Keep cotLtrfuer closed.
Avoid br¢atlllng vapor or tnists.
A,void direct derDal contact

REST4E
Irowialtowed, do bat irdqce vomltlbg.
C*tl a physician lmfbediatoly.
Ill cafe or ¢oBtact, ronove cobtamlpated clothing immediately and
`rash thoroughly with Soap and wafer.

ALL STAThMENIS, INFORMATION, ANI) DiutA PROVIDED IN Tus MATERIALLSAFETY
DATA SHEET ARE BELIEVED To BE AccURATE ^r`m RELIABLE, Bun ARE PRESENTED
WITHoUT GUARANTEE, REPRESENT^TloN, wAREANTv, oR RESpoNslBILrrv oF
ANT KIND, EznREssED oR II`ffl+ZED. ANy AND AIL REPRESENTATIONs AND/oR
wAREANT[ES oF MERcllANTABurTv oR FrrNEss FOR A pArmcuLAR pURPoSE
ARE spEclFlcALLy DlscLAIRED. usErs sHouLD MAID TEDIR OWN
INVESTIGAttoNS To DETERMINE TIE SurrABnlTy oF THE INFORMATloN oR
I.RODucrs FOR nlEm pARTlcul.AR puEFOsE. NOTHING CONTAIRED IERE IN Is

I      :REr3EPT#ppfr#¥ofrunrfucfuMEORTc%RviRErfug:EEFBA#8Npz%VIrfuIATE AV
cOp`ndGms OR INVENnoNs.

NDJNo Th
Clrao No. 2 Fuel Oils, All Glides (AG2FO. September 26, 1997, CIN: 5388)
NA-NctAf)p]icablc

P . ©7,©7
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.     (MATERIAL SAFETY DATA SHEET
PF]OOuCT SA   825   0012

SECTION I

P.3

W'l Tcci MAh.uFActuf]Ir{G oivisloN oR 6uBsloiAny

I

AO` DPEss t~uMBEft. sTaeET. ciTy. stATE. zip confi

CHEMIC^l NAME Ofl FAMILY FoflMULA

a         Petrol eum  Hvdrocerbon NA

•SECtloN  11  -.CHEMICAL AND  PHYSICAL.PEOPERTIE8
•:CtlEMICA L..                                               I PHYS

lcA1`.
ti`A2AfiDOUS DECOMPOSITION F'AOOUCTS FORM.        Seml-sol  ld

6 Carbon   rr.onoxlde,   carbon   dioxide 0001\
'N coMPATieiLiTy iKEEF ^w^y Ffiohr.I e Mi hera Oil

Strong   oxidlzlng   agents   siich   as:      hydrogen   Peroxlde, ^PPEAflANCE
6 ch.rc)mlc   E]cld,    bror.ir`e '0 Grease
Lust ALL toxic ANO iiAIAfloctus INaaEDiENTsNone

''
lop      Amber

P'2 EclFic  GaAviTyiwATEP-11RT a . 924
7

`sEciioN fil-=..:FinE...AND"pLOBioN t]ATA`
®O,L,NG  PT.1S

NDA                 .c®f

SPECIAL Flf`E FIGHT ING Fftc)CEol/BEG FIASH POINT IMETHOO u5EO)AboveC.a.C.

Fire   tlghters   should   wear   an 9¢        leo    .c     374     .i M€LTINQ PT. RA.c

eoprc>ved   self   contalned   breathlng FIAMMABLE llMJT6 %NDAi7LowEn~uPPEB_
', ®f

24
aoparaTus.               i

90lullirrTINWAT(A

Net I  i e I I I a
uN USUAL, iDenmE AND ExpiosioN HAZARDSsesmoke €xTINGiii8HWG AaENTs

8 Df]YCH£MICAI    X:  CO. AT            ,5   .c

=.WATEASPAAY     ¥ FOAM.WATEF)FOGR5ANO/€^RTH,,- 'B

*  VOLATILE,a(aYWTA|
NA

Z-, .  OTHeR
€VAP. RATEI,'.'1

NASECTION  IV  -  H€ALTH HAZARD DATA
PEftMISSIBIE CONCEN tfiATIONS (AMi

T

I

'®

V^POR Pf`ESSIJR(lmmHoit30.Cl NA

9 NDA
NAEFFECTS Of OVEREXPOSuRE 19 'Am  ,  ''

JO May  cause  skin   a  eye   irrlta+ion   wlth   prolonged   contact. ®H ^S  IS
NA

T C)I ICOIOOICAI PAOPEf` T IES jo oH'1

3' NC\'A. STRONG ACIDSTRONGBASE

EMERGENCY  FIRST AIO  PflocEDUBES

J2 EVEs      Flush   With    larc]e   8mc>unts   cif   water   for   at    least    15   mln. STABLE                                                              .X

Call    a   ohysici;n    Immediately.
3'

uNST4eLE

33JC,i SKINCONTACT         wasn   thorc>ugh|y    with   Soap   and   Water.

:I::%§:Fv              ,OO<O'no*.^'£2
NHALATioN                  NDA,

„NA1

FswAiLowED        Call    a    PhYSIciEn     Immediately. i

N+  -NOT  Appiic^eLE                                            NOA  -NoOATA^vAiiAaLE                                        <.  less A^.                                    >. Moat ThAN

P®q6  I   o'  2

C.Cqi,'  r{3.  Eel.'J   E  .
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§ECTTONviiiT8peciA['.pftECAUTioNs
paECAUTioNs TO e€ TAKEN iN HANDLING AND sToaACE

Keep  containers  closed.                                                                                                                             .
13

sECTioN vili - Tf]ANsroFTA"ON DATA

uNREG`ll^TEO   a
u.s. a.ci.1.. .fiopEa 8HlppiNG NAME

3J                    ,Y  a.a.T. 7

t..                aE€uoL.%T!D  D

Ll.a, O.a,T. HAZAf`O CIASS I.a. NUMBEB

a 9

"ANSPO.TATION!MEftGENCYINfoAMAtloNCHEMTAEC1.tcooi434..goo
:o°                      #BELISIAEOul8Eo
FaEiG HT CLAssiFic ATia N

9Z
Petrctleu.   Lubricatine  l`rease

a.£CIAI TRANSPORTATION NOTES

J3

SECTION IX -COMMENTS

KEEP   OUT   OF    F!SAC'ri   OF   CHI  L9REN!  i,j

We  b®liev.  the  6tatem®nts.  technica'  Information  end  .®Commendatlone  Contlinod  h.i.in  ere  reliable.  but  they
ale  given  wlthout  warranty  or  9uerentee  of  lny  klnd,  express  or  lmpljod,  end  W®  e8aum®  no  reiponslblli{v  for
any Io66.  damage.  or cxpenBe,  ditect or congoquontlal.  arising out ot th®lr use.

i,$6  2  o'  2
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MATERIAL   SAFETY   DATA  SHEET

P.5

Tbx   nct.     :    042840
Pr'nt   Oat®

Llst   R.viewed
.I,a.%9J
o5/03/89

Part   Type   and   Numb.r                                                         Part   name
------I-------1------,--~-----,----------------.-..--------------,,,---~,,--,,,~
Ford    -U.S.     BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

Motorcratt    -ll.S.    BATTERY   -ALL                                BATTERY    EIECTROLYTE

---------------- tl ----  CHEHI GAL   AND   PHYS I GAL   PROPERTI ES  --I --------- I ------------

Material     type                             LIQUID
Sp®clfic   Gravity                  I.250
Bolllng   point                          >135   C
flash   polnt                             Not   AppHcable
pH                                                               2.0

----.. i= ------ I.-HAZARD0l'S   AND   OTHER   I) ISCLOSE0   lNGR!OI ENTS   I ------------. I -----.

P.rcent           Exposure   Llmlts   -TVA
R.nge                ACGIH/OSHA(where   eat.)     GAS    number             CheJTi:cil    Name

I ,,,-- 11-,,    ~ ,----,,,,----, 1 ,----,,,,---- I ,,,, ® ,----,,,, ~---~ ,,-----,,---
>30-60                1/1       mg/m3                                       7664-93-9               SUIFURIC   Aclo

Expolure   Limlt   Abbreviatlons
.,---, + , , 1 ,--. 1 , I ,---,, 1 ,,--,,,,,-- ~ ,,,,
TVA-time  W.lght.d   ^Var.ge     C-C.lllng

S-Short  Term   Expo.i]re        Sk-Skln
Sol-So]ub`.   Compound£             Fil-Fumes

lnselllnso]uble   conpound€        Du-Oust +.,+'

nn ---- I -.----------- i--REGULATORY  I NFORMAT I oN  I -----.---------- I ---------- I

Thle   product   cent.Ins  .   toxic   chemic.l   or  ch.lnicatl   IubJect   to   the  reporting
reqiiironente   of   Sactlon   313  of   Tltle   Ill   of   the  Supcrfund   Amendm.nts   end
R.authorlzation   Act  of   198£   .nd   40   CFR  Part  372.

-----.- I -----.----.---------- S 16NAI WORD -i-I ---- n ----------- Ere
DANGER   --CORROSIVE

-.-.- I ..-.- I -...-... I ..-...--- I HAZARDS .---.--...-...--.--.--..-.--. ==a-..=
Contact   wtth   thle   in.teri&l   wlll   Cause  burns   to   the   Skin,   .yes   &Ad  nucous

m®mbran®8 .
Wh.A   tr.!s   in.t.rlal   com.i   into   contact  with   the   ey.i,   serioug   d&m.g.  may   occur.
Thio   product   ls   h.rmfu.I   by    lt`halation.   wh.n  -:n   eenttc:   with   th.   5k!n

-nd   if    lt   is   8wauow.d.
Thi!   product   ls   irrlt.ting   to   the   eyes,   re8piritory   €ylt"  and   lkln.
This   product   may   bc   fatal    lf   lt   li   twaHowed.

FORD   MOTOR   COMPANY
DEAfi80RN   Ml   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Prll`t  Dit`   ..   oE/ao92e/9o2

-I-I--I ------------  TARGET  ORGANS   AND   MEDI CAL   CONDITIONS   --------- I-I ----.. a--a

®

®
®
®

®
®
®
®
®

®

b

D

D

'
'
)

)

)

Ov.rexpo9ure   to   tom.   hlzardoua   lngredlentf   in   thll   Product   h.a   been   found
to   affect  c.rt.ln  body  ore.ns   and   Syst®m   ln  €xp.rlm.ntal   ariim.I.   .nd/or
humanB.   These   includei

Lungs
TGath
Skln,   Eyes,   and   R.8pir.tory   System

111-.I -----..----------  ACUTE  Tot I C ITY  I NFORMAT I 0N  I --------..---. u -------- I

Baaed  ori   th.  compo€Itlon  of   th.   product   ldentlf led  by   th.  supplier,
§elected   portlons   of   the  .cute   toxicity   Information   from  RTECS   ar.
3S   follows:
7664-93-9          SUIFURIC    ACID

lnhalatloll,   .dult   rat,   LC50   I   ;10  mq/m3    (2   Hour.)
Oral.    adult   rat.    LD50   -2140  mg/kg                                                            .

---II--n---I---±L--I-SAP I  H^NDL I NG  AND  STORAGE---±±=-±====T--===± -----

Oo  not  breathe  gas/fima./v.par/4pray.
ui.  thls  product  with  ad.qu.te  v®ntll.tion.
Oo  not  g.t   thli  in.t.rlal   ln  your  eyes,   en  your  .kini   or  on  your   Clothing.
Thlt   ls  an  oxldl2lno  .i.rit  -avold  brlnglnq   lt   Into  cant.et  wlth  .a
organic  materi.I .

Stol.  thi&   product   in  .lr-tlqht  €ontaln.r&  awiy  fran  loure..  of   h®&t  .nd
I ight.

---.----- uul-F IRE,   EXPLOSION  AND  REACTIVITY   INFORMTION  M-j==== -----

Bringing   thlf   product   Into   coAt&ct  wlth   conbu8tlble  mlteri.I   in.y   c&uee  4   I Ire.
EXTINGUISHER    INFORHATION:    Dry   ch.mic.I,    foem.    carbon   dloxlde.
ute  wet.r   to  cool   flr.-.xpafad  contalnerf  and  to  prat.ct  p.r.onnel.
W..r  a.ll-contain.d  br..thing  appar&tue.
Thl€  product  can  r.Act  vlol.ntly  w|th   reducing  .gerltt  and.orlanlc  mat.rlil5.
Exploelve   HYOROGEH   GAS  may   be   r.I .... d   lf   aqlJ.eu8   solutlor]t   of   thl.  mat.rlal
come   into   contact  wlth   reactlv.   metlll    (IRON,   ZINC.   ALUHIWun)  .

Irrltltlng  .nd/or   toxlc  fun.I  and  g.aes  may  b.  .liiltted  upon  h..tlnq  ot
thl!   product.

The  decompo3itlon  of   thl8   product  will. releas.   toxic   |a..S.

FORD   MOTOR   COMPANY
DEAF`BORN   MI   4€121
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MSDS
(CONTINUED)

P.7

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo2;go3

-I ------ il .------------  PROTECT I VE   MEASURES   AND  TREATMENTS   I -------- I-iul ---- i& ----

Use   of   an    impervious   apron   ls   r.Commended.
Uie   g.n.rat   v.ntllation   and   use   local   exhaust.   wh.re   posslble,    In   conflned   cir
®nc`osed   Spaces.

Wear   eh.mlc.I   goggl.e   and   f]ce  €hleld.
The  use  ot   n.opr.ne  glc]v.e   is   recom.nded.
In  c..e  of   contact  wlth   ey.S.   rln.e   immedlately  with   plenty  of  water   and   .e®k
medical   advice,

lmmedl.tely   tak.  ®tf   all   eontamln&t.d   clothing,
|f   th.  ITiat6rlal    lE   ew.IlowEd,   get   lmedlate  medic&l   attention  or   advice   --
Giv.   sav.rat   gla8Ses   of   water  or  milk.

It   giL€/fume/vapor/dust/ml5t   from   the  ITiaterlal    is   inhaled,   remove   the   affected
person    lmmedi&t.`y   to   fresh   air.

for   ekln   contact   f luah   with   large   &mount5   of   water.
Wa9h   thoroughly   after   h.8ndHnc.

-----------.-----.- I-I ----  NOTES  T0  PHYS I C I ANS  --------------------.-- I--.==--

lf   the   product   ie   lnge&ted.   prob&bl.  lTiiico=al   d.mage  may   contraindlcate   the   use
of  ga&trl¢   l&vl!e.     Tr.at   th.  affect.d   person  approprlately.

------. I -------------  Sp I lLs i  LEAKS  AND  D I SPOSAl  ----- ae--n -----.--- iilld===
•

Elmih.t.  .1]   .ol.Irc.I   ot   lgnitlon  or   flammAblee   that  may   ¢ene   Into  contact        .
wlth  .  .pill   of   thls  mat.rl.I.

Avoid   .kln   cont]ct   .nd   lnhalatlon  of   vapors   durlng  dilpo.il   of   epHIS.
0l.po8e  of  w&et.  matarlal   .ccordlng   to  Lee.I,   Stet.,   end   F.d.I.I
Envlronm.nt.I   R.oulatlon8.

In   ¢a!®   of   larg®   .pill®,    foHow  all    facHlty   Em.rg.ncy   RelponSe   Proeedure8.

----------------------------  S P E C I AL  REMARKS  --.-------- I.-t]-d .---.-. I.===..

Thil   I.   an  .cldlc  in.t.rlal.

------------  u.   S.   OEPARTHERT  OF  TRANSPORTATION   INFORAATloN  ---------- ii ----- =

Shlpping    name:    BATTERY    FLUID,    ACID       tJN:    27$6
Hazard   Clasei   Corrollv.  matarlal                   Hazard   Label!   Corrosive

The  chonlcal   "me(8)   .ppearing   below  under   `'NME"  muSt   .ppear   ae   part   of
Shipplng   n.me   IF   the   aiTlount   being   Chipped    in   each   coAtalner   exc.ed±   the
quantity   .horn  under   "RQ"   below.     The   letter:   ''RQ"  must  a`So   app.ar   aI.i.rt
of   the   Shipplng   name,    ln   the   form!

•hlpping   name.    ch®mlcal    Lame.    RQ.
For   U.S.      9hlpm®nti   from   Ford   FaciHtieS,    consult   the   `'Ford

Ha:ardou®  M.teri.I   Trangpcrtation   Control   Program"  A.nual.   oth.rwi[®
con8ult   49CFR172.
•----- CAS--RQ (Ibs)   -NME ------------..----------.------------------------------

7664-93-9         2777         SuLFURIC   Aclo

FOFD   MC)TOP   COMPAN.Y
DEAFIBof]N   Ml   48121
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MSDS
(CONTINUEDl

P.a

Tox   no.    :    042840 °     print  D.te  ,   oF/ao82e/9#

...........................  PREPARAT , oN  , NFORMAT , oN  ...I ........ [r ............ E=...

Health   and   safety   Information   ha8   been   evalllated   by:

Environmental   &   Occupational   Toxicology,      Occupational   He8lth   6   Saf.ty,
Ford   Motor   Company
goo   Parklane   Towers   W.st,    Dcarborn,   Ml      48126        `.

For   .mergency   call:       (313)    337-3182   -or-(313)    323-0045    (for   24   hour   €ervice)

Thls   il   th.   last   page  of   thi.  HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   Ml   48121



;ifeQu;;;a;9£L:EL§4AFL:T:Hb„[5T]NFO-MGTOFc-CEM:;::,;OREGu:::0:;:

"OC0   REGULAR   LEAI)-FREE   GASOLINE

P.9

®      unluFACTURER/suppLIER!

a     #;C:a:!LR:::8i;i  Drive

®
Chicago,   ]lllnois     60601

ENERGENCY   HEA1.TH   INFORMATION!        (800)    447-8735
ERERGENc¥   SPILL   IrmoRMATION:       (800)    424-9300

CHRTREC,   U.S.A.
OTHER   PRODUCT   gAFETY   INFORATION!       (312)   856-3907

®        IMPORTA+rr   CoMPORErms:      Gasoline   (CAS   8006-61-9)   ACGIH  TLV   300   ppn,   STEL   500   ppn;
OSIA  PEL   300   PPD,   §TEL   500  ppn.

:                                         !§::::::i:%e§!::3i:i8?EL:!#o:t:;:: 1:::"Sin p=L 1 ppb
®     WARNING  STA?"ENT:    £::a::ie::t5:::}Xe:::i::::in::ghax3P::u::::eE::!i:ni£C::a:::::a

•                                    ;:gf::g::p::a;:Se:::3 :::i:;t:egg:I::u::t:: i:u::r!::; :a:o::-t ern
a
®
®
a
a
a
0

exposure  to  vapors  has  caused  cancer   ln  laboratory  anlnals.

t"IS/NrpA  CODES:.(HEALTH;I) (FLA"AEILITY; 3) (REACTIVITY;O) ,   Chronic   h.alth  hazard

APPEARANCE  ANI)   ODOR!      Clear,   bright   liquid.     Characteristic  odor.

tlEAI.TH  HAZARI)   INFORAtl0N

EYE

EFFECT:              High  concentrations  of  vapor/list  Day  caus.  eye  dl&comfbrt.

FIRST  AID:      ;::#g:g::  vlth  plenty  of  vat.r.     Get  hedical  attention  if  irrltatlon

a      PROTECTION:     Non.  r.quired;   however,   use  o£  ®yo  protection   ia  good.  induatrl®l  practice.

e
D

h
n
r
n

EFFECT :

SXIN

::37::g:€r::t[:?::ted  Contact  Can  defat  th.  .kin  and  lead  to  lrr|tation

FIRST AID:     :::i:§i§§8i:O!!;:::i:§£:::i:#;a:::::.an:i:;eb:?::ri::::? c:::hi:gifai

PR°TECT[C'h':    S!:::apr;i;::::n;:dr::.::;:a::inc::::::tis  #£:i;:Otective  Clothing  end

EFFECT!

INHALATION

Vapour  harmful.     High  vapor  conc®ntrationg   can  cdu.e  headaches,   dl2Zlne8s,
drovgine8g   and  nausea.     See  Toxicology  S®ctian.

FIRST  j`ID:        If  adverse  ef facts  occur,   remove  to  uncontanlnated  area.     Give  art!f icial
respir&tlon  lf  not  breathing.     Get  medical  ettentlon.

b       PROTECTION:      Use   With   adequate  ventilation.     Avoid  breathing.  vapor   and/or  mist.      If
ventilation   ig   inadequate,   use  NIOSH/MSHA  c.rtif led  resp]rator  Which  tJlll

•                                    protect  against  organic  vapor/mist.
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HEALTH   HAZARD    }NFORM^TION   -   CONTINUED

P.18

INGESTION

EFFECT!               Low  viscosity  product.     Harmful   or   fatal   if   asplrated   into   lungs.

FIRST  AID:        If   swallowed,   do  NOT   induce  vomi`ting.      Get   lrmediate  medical   attention.

FIRE   AND   ExpLOsloN   INroRMAT[oN

®      Fl.ASHPOINT:                 -45®F

a     FI.A~La  LiMiTs:     uppER:     7.6%     LowER!     1.3&

® AUTOIGNITION   Tn{pERATURE :                     4 95®F

®    EXTINGulsHING  MEDIA!    i?::i:.:PE:::::n:::dc::::t:,A;::?Ss{:£; ,a:r#a:::i:;:i  Carbon

a      UNUSUAL   FIRE  AND  EXPLOSION  tIAZARDS:      Extr®m®1y   flarmable  vapor/air  nixtufe8   form.
.E*tlngulghment  of   f ire  before  source  of  vapor   ls  shut  off  ca.A  create  an

®                                   exploglve  nlxture   in  air.

a     .PRECAUTIONS:     Keep  dvoy  from   lgnltloA  Sources   (e.g.,   h.at,   sparks   and  open   flapee).K.®p  contain.r  closed.     Use  With  adequate  ventilation.

a
REACT[VITY   INFORMATION

DANGEROUS  REACTION§!     Avoid  chlarlne,   fluorlne  and  oth.a  Strong   ozldizers.

!IAZAREOUS  DECOMPOSITIot!:      Burning   can  produce  carbon  monoxide  and/ar  carbon  dioxide
and  other  harmful  products.

®      STABILITY:      Burning   can  be   Started  eaglly.

cHEMlcAL   AND   pfry§]CAl.   PRof]ERT(ES

BOILING   POINTS                         80®F   TO                  430®F,    Range

I       goLu8IL]Ty   {N  wATER!      Ne9iiqibi®,   b.low  a.i%.

I        SPECIFIC   GRAVITY   (WATER   a   I):                     0.75

D       VAPOR   PRESSURES      7-1§   1b   RVP    (A8"   D-323)

D        VAPORDENSITY    (AIR-i):                   3   To              4

I
D

'
'
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STORAGE   AND   ENVIRONMENTAL   PROTECTION

P.11

®        STC)RAGE  REQUIREMENTS:      Stor.   in   flammable   llqulds   storage   eree.      Xe.p   container   closed.
Store   away   from   h

a                                                         accordance  with
ignltlon  sources,   and  op.n   fl8me   in

federal,   State,   ar  local  regulatlc)ns.

®     spills Are LEAJ{S!   :i:i;::::v:i::::::I:::::;:::::::::i::;::?::::;:::i;;:rc;:::i::§no:n
®                                                 Severs  and  vatervayg.

a       WASTE  DISPOSAL:     Residues  and  spill.d  material  ere  he2ardoua  waste  due  to   ignitablllty
Oispo.al  nugt  be  ln  accordance  vith  applicable  federal,   State,   or

®

®
®

®

®
®
®

local   r®
unlegs  diulations.     Enclo&ed-controll.d   lnclneration  1g  reco"ended

rected  oth.rvi€®  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   of   severs   and  vat®rvays.      Avoid   strong   oxi6izers.
Report   aplllg   to   appropriate   euthorlties.     USE  AS  MOTOR  fuEL
ONLY .

TOXICOLOGICAL    INFOENATION

EYE:     Primry  eye   irritation  score  0.0/ilo.0   (rabbits).

§XIN!    ::i:a#]3£:nt:ai:##:!°:r:::I:ail;/:6£t::#b;::)
;cu::u::p::::::  :;5:hg:a:::;e.

®         INHALATION:      Acut.  LC50   20.7mg/i   (rats).

®        INGESTION:     Acute  oral  Lb5018.8nl/kg   (rats).     Practically  nontoxic  for  acuteexposures  by  this   route.

Excessive  .xpo4ure  to  vapors  may  produce  h.adaches,   dlzzin.ss,   nausea,   drovsl-
ne§s,   irritation  of  eyes,   nose  and  throat  and  c®ntral  nervous  system
a';;;;a:i6fi:

:    !i;!#!!;:i !f!::;#!:!!:;::i!i:;:i::;:ii!:!!!;:i:i::i;;:!!!;:!i;:::;
•     :#:;:.an:e;:#:b:;a:h:ufi:::;A:::i.:::;::a:t:::a:A::::.::  #:tm#: :i€?eyThe
b       :::::{!:::::.of  the  nou8e  liver  tumor  response  in  terns  of  human  health  is

I        Inhalation  of  whol.  unlcaded  9asollne  vapors  did  not  produce  birth  defectg   in
1eboralor:.  ar.irual5.

Gasoline   ls   a  complex  nlxture   of  hydrocarbons  and  coAtein€   benzene   (up  to  4
A      :::#:h:t4  ::i::3:ea::A:::a?:;uk::i:?;fne:#:::eai: :!g:rL::S::8:fbi::ae:;i:::g

I     i:i:::i:::::::::::i:::::£§:i::§igi :s#=:a:i;:i::i::#::¥:i:T!£!:dri:£i:a-
D        ve"  seen   ln  chronic  5tudles  on  xylene   ln  guinea  pigs  but  not   ln  rats.

Aspiration  of   thl8  product   into  the   lungs   can  cause  chenlcal  pneu]I\onia  and  can

ly        ::-::::i;roi::::atian  into  the   lungs  Can  occur  while  vomiting  after   ingestion

I
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REGUI.ATORY    INFORMATION

P.12

CE:RCLA   RE:PORTABLE   QUAVTITY!
This   product   is   exempt   from  the   CERCLA  reporting   requir®m.nt8   under   40   CFR
Part   302.4.     How.v.r,    if   Spllled   into  Waters  of   the  United  Statog,    it  may
be   reportable  under   40   CFR  Part   153   if   lt  produc®s   a   Sheen.

DOT   PROPER   SHIPPING  NAME!      Gasoline,   Flarmdbl®   Liquid,   UN1203.

OSRA  IAZARE  CONINICATION  STArmARD :    ::#:b:§n!i#?;  :i;:#:::::::§§!:!S=#:::A:;ts

RCRA   STATUS!
This  product   i6   Subject   to  the  40  CFR  Part   268.30   land  ban  on  the
disposal  of  c.rt®in  ha2ardoug  va8tes  becAug.   it  cont&1ns  th.  £ollavlng
Substance ( a ) i

cOMpONENT/Gas   NUMBER

Ethylben2ene   (loo-41-4)
Toluene .  (lD8-88-3 )
Xylene   (1330-20-7)

•SARA   STATUS!
Thla  prciduct   iB  regulat.a  under  the  following  a.ctlon(8)  of  §ARA  Title  Ill,   42

:§:  !£!:;in:ii::Sg:;a:ei:::::  Of  the  Product  "y  b.  r¢Portebl.a  as  a.t.rained  by

SECTIONS   311   AJIIJ   312   0F   SARI   END   40   CFR  PART   370:
This  product   is  defined  a8   h8zdrdous  by  OSHA  under   29  CFR  Pert  l9lo.1200(d).

SECTloN   313   oF   §ARA  Are   4o   CFR   FAR.   372:
This  product  contains` the   following  substances,   which  are  on  the  Toxic  Chemicals
List   in  40   CFR  Part   372:

COMPONENT/CAS   NUMBER                                                                                                WEIGHT   PERCENT---------------~--~~------------------------,~~----------,1,----
Benzene   (71-43-2)         .
Ethylbenzene   (loo-41-4 )
Toluene   (loo-88-3)
Cyclohe*ane   (Ilo-82-7 )
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!     All  of   the   conpon.nts   of  thl8  product  dr.listed  on  the  TSCA.Inventory.

S-u-PPLEH=NTAL  INt`'ORMA'i-'ION  .~T±_ _

D      8:::::?:oi:]a.:;:::::  T!:#:ea:::hydrocartong.    Tho8®  ndjor  components  having

D

D

D

'

Butane    (CAS   106-97-8)    ACGIH   TLV   800   ppm;    OSHA   PEL   BOO   ppr.

Cyclohexane   (GAS   ilo-82-7)   ACGIH   TLV   300   ppn;   Ogm  Pal   300   ppm.

Ethylbenzane    (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,    STEL   125   ppm;
OSHA   PEL   loo   ppm,    STEL   125   ppm.
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SUPPLEMENTjlL   INFORMATION   -   CONTINtjED
r\-H®ptane    (GAS   142-82-5)   ACGIH   TI-V   too   ppm,    STEL   500   ppm;
OSHA   PEL   400   ppm,    STEL   500   ppm.

n-Hexane    (GAS   lio-54-3)   ACGIH  TLV   50   ppm;   OSHA   PEL   50   ppm.

PeAtan.    (CAB   109-66-0)   ACGIH  TLV   600   ppn,    STEL   750   ppm;
OSHA  Pal   600   ppm,   8TEL   750   ppn.

Toluene   (CAS   loo-88-3)   ACGIH  TLV  loo   ppn,   STEL  150  ppn;
OSRA  Pal   loo   ppm,   STEL   150   Ppm.

P.13

Trim.thyl  benzene   (CAB  25S5l-13-7)   Aca"  TLV  2§  ppn;   06m  PEL  25  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   Ppn,   STfl,LEO  ppn;
OS!1A   PEL   loo   ppm,   STEL   150   ppm.

ISSUE   INFORATION

®BY:®  7€G€-
®       A.   G.   Farm.r,   Director,

Product  Saf.ty  a  Toxicology
IgsuED!     June   09,   1989

§UPEFLSEb€S:      March   18,   1988

•       This  materi.i  eafety  data  Sheet  and  the  lnfornatioA  it  contains.  ig  offered  to  you  ln

®     3#:hf::t:.:: i::gu;:#.eo¥:c::V:u::Yi:V::ra:Sdi::;ra£:°8€:::::1:a:t i?n!:#a:i:: ::e£:correct  but  canriot  guar6ntte   lt-S  accLlracy  or  coDpl®t.n.€e.     Health  and  eafety

1;§t;§{::§§:i::i:§t:§wL{:§§{:i::i:{§::ff::¥w¥:i:i;i:{{::§d#t§a{§;::i::::t
®    :::::#::::
®     ::.::m#!l!
®      ::  !fl;:#::  that  nioht  lnfrlnge  ex1&tlAg  patents.    No  varranty  is  p®de,  el`her  express

®



r]LIci   =1     '911J:  1:   CHC`l:`   ['IE.T    INrFIIJ.ii:iT    UFC_CENCC-Ill F` .  1 J

U.S.  DEPAFITMENT  OF LABOF]
Occupatloml €.l®ty  and-.Health AdrTilnl8tt.tlon ..

.MA,T.ER,.ALS.AFE.Ty...DATA.rsHEE,T
•.     .    .'.     .            -I.                                                                                                                                                                                                                                         _._..

.

. ..SECT

.            ..         _                       ..      `        ^  \..'ON.I.

WTifft#Halienic.loo. Tffl°If'89"!3coT¥a'Ng#i=L#=r#."6ffiihan.a. Ii.  6og22   `                                                                     '
a+.LiaAL.i^.+i^.+O.r.-Ny.n                               .-,.-..`      .      .     .1      ...`            ..    I.. 'v'i#:uht#i.dw#.]h®=
CH-,Wlh, OwL^^

Hlxture

..;. ,        .       .,.  8E.cTloN  ii..HAZARDous.INaREoiENTs  .
p^iur®. pi]E9Env^tivea. . ®OLVENT€ * tlv'Un'',I ^llot8 AVO WEt^Lllc CO^TINO8 1 TIV(U^'','

cowtNT9 N/A AI, Wtl^| h,/A
I      a,TALteT

N/A ^110,I N/A
vcHreLe

N/A W.Tkllc CO^TtttGS N/A\
"VtNTe

N/A
l||tA WET^|

N/A•lus  CO^lll{O Of` Coot Flux
^a"',M4                                                               .   .  ' 'N/A . •otHtl,±......`

N/A
O 'Ht`®       . l'/A

llAZMcoue wixruAEa op otH[t` ilouio€. eoiio8, ofl o^sEe    .    , * |V(un'l,I

__.

H.thyl.Alat}hol                   I.                                  .    a                   ..."     ..         ."      " 38 eoop

Nonv.1bhenol  9urfdota.nt               C^S  #    6Oul2-9+4 001
_-,I

trichenvlnethane       O^9  #  2650L{.8-2              EP^  TSC^  Iiiet-Yes Tr,
'       '1.''„

SECTION  Ill     PHYSICAL  DATA
.a,lw®.O,"T I,.I                                             .  -         +\.•rli^   .     .``...`.  . tpEci.icoftAvittiHdr`ii    .      .          `     `

•g51''   I
A,a, ,.I,ant I- H, I

N/A
MnctwT vol^TL( N/AVolov( '+I

'^fo|Ot".,'',W..,,                          .        ... '.    '.
`i

(VAfoMllo.I I^TE
N./A.J,''

coiu.n.iTy IN w^TtF`
'.    ,         i          =

^ME^a^A.ct ^NO Oool`
:i--...

SECTION  IV     FIBE  AND  EXPLOSION  HAZAF]D  DATA                              ,     I    _,
|i~Hroiwtlu~...al           .a.t],   |1E  F |^w^ILtLu',e   ''    '    '               I           w     ,I           u,I           I

'

ext"aun.t<mau[OM   itry  chon|a||.ao,  or  Alcohol  fo L--
tci^ifi-emH"aeefecELtErgeeif-aorfu.1ned.-tr®athlJ)i

'.'    I:.       -i
I.,,.

wueyilt,fc",ru#Ihp`.°aet°r®H¥^tEL  &ir  and  may  ti&'}el

aonBldembl.  dlgtanco  to  Ln  lgnltlon  8o a,

PAGE  (1)           .     .                                                          (Conllnu.d  an  iev®i.e  lld;)
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ti,L,,:.   =t     ,.j[    [j:  13   tH,:.,:,   I,I.=,T    I,{rr-C,+`,,:.T   ,:,,FC_CE,+tc_I,.,

.-,.                 I  ..,,,,,,..,

F' .  i =.

...  ` .,........

:  '                                         sECTioN vli    8piLLon  LEAK pnocEDuf]E8

8'jii'oO.e€|^®k#|'n`£9'.o'#tl^|#®ri`'|'n'°£'di'|L`+nent|],aLt®d  &r.a. I  .|irlt`.t.  1gnltlon  .Cure.I.

Avau.irm-off  into  Blorm  eew8r8  a.nd  dltohee  which  1®&d  to  na,tut.i  v&tert.&y.

WutE OISP06^l uC1+.OO

In'cenehtlon,.blologlcal  treatment. of  dllu[e  t]olutlon.      I   .
\1                                   -                 ,.

sEc.rioN  vui    spEci^L pnoTEci.ioN  iNFonMATloN
Als.m^to.t..O.tciiow isp.®i~ +a..                                                                       I

V€,I,M.A,ION,
.W'#A"[:'b^b'£'oorlBto   to  control  emtiloye®  exp dhurtrc6^.`        .

ulc''^'''C^|'C,a,,,'' a,,,I,    :     .

•nc) T tc . lvA  OICWCS €L!hr:i'£%'iT aafett  loEiEl..
eaz}=enJl-==ubhez=±    vef]

olHfn .nottc7i.. toU'ru(N,

PAGE  (2) H.yul 1 -9-90
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PROPERTIES AN;` SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emulsjcln  prc)dilcts  are  packaged  in  convenier
one.pound,  one.half ,  one-third.  and  one-Quarter  p®urid  cartricjges  an(
formulatec]  to  provide  a  seismic  PUIse  equal  to  dynamite  for  c)ear.  sliai'/
seismic records.

Al:hough  classified  as  riigh  explosive,  seispalME/E  emulsions  are  lion
headaclie  arid  have  excellem  resistance  tci  acciclert:al  cletc>naticin  by  frictic>n  o
impact.

Spiral.v\ic.-nd  I.'4  :o  lr'2-Pounc!  Paper  cartriL:9es  ar:-easily  cappe]  a.I(
waxed to Sleep well.

P RODUCT                                         E-1                E.1 /2           E.1 /3           E-1/4

a      :::ght

®          S'eyi:ity(gin,cc)

0        ::I::C;:ytj:f:S:r:us::::flne"
(kilc,bars'

AbsolLi[e  Bulk  Strength

®          Re;alive £Cu::'Csct)reng„
(ANFOE100)

One poilnd     1,;2 Pound
21/4x81;'211;'2x8

49SW
1,18                        i.15

16.500             16,000
100                       100

685                  775

12C)                        1 es

1/3 Pound   1/4  PollncI
11/8x8            1x8

SWSW
1.15                      1.15

15,000          14,500
loo                 100

775               775

105                  105

PACKAGING
Available  in  fciur sizes  `o  meet  vertical  slacking  an(

-mirii-hcile" applications. seispF3IME/E  in the one-polin(

size   is   packaged  in  thin-walled.   easy  coupling
canridges  tor  vertical  s{acking  or  larger  downhol€
shots®

ln  the   1/2  to   1/4-pound  sizes.  sejspF3IME,'.E   is

packaged in spiral-vyciund paper ca.1ridges.
Al! sizes have excellem v.'a[er resistance and can b€

initiated with a #8 strength STATICMASTEB oetonator`

•     5Tfl7YCM45FEF!.€`.  :ie3tri: [f=teriators for seismic :xp!oratior!
®
®
®

®

®
®
®

DESIGNED  FOB  SEISMIC  WOBK  -  Exclusive  Atlas  electric  rr,atch  provides  reliable
cietonation  with  minimum  lag  time  and  scatter.  Full  #e  strength  explosive  output to  hel[
insiJre initiation ol the seismic charge, even  under severe conditions.

UNEXCELLED  PEBFOBMANCE  -  Bigid statistical  quality cclntrol tests  are  performec
on  all  components  and  on  the  completed  detonator to  assure  reliable  and  consistent
perfomance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsulation  provides
additional protection against snorting ot legwires under extrenie conditions.

WATEB  AND  WEATHEB.PBC)OF  .   Legwire  insulatic)n  is  designed  to  withstanc]
extremes of heat and cold  and the  severe  conditions encountered. in deep-hole  loading.
All  cletonators  contain  a  double-crimpeci  rubber  plug  to  provide  a  water-tight  seal.
Excellent firing characteristics permit use  in single-hole or multiple-hole pattern shooting.

®        PROPERTIES AND SPECIFICATIONS

®        :  P:i%:,:'n::;`{,emn:tshc-a::r. Less than o.001  second; even
lower as firing  c'Jrrent is increased

C`          .  Recommencledflringcurreril-3to  l0amps  DC.4to  10
amos AC

®         .  Wa.`,er immersic>n depth (max.1ested) -500 feet
•  Brjdge\`.ire resistance . 0.9 Ohms

a          .  bet.onatc>rshell -Gilding  metal

®       REDucEDSENsmvlTy
TO EXTPIANEOUS ELECTPIICITY

A.  special  bridgewire  and  the  SF  feature  in  the  electric  match
prc>`.ioe  rec]uceo`  5eri5itivity to  slat/c  electricity.

OPEPIATING AID§
With  recommencled  firing  currents.  STATICMASTEB  electric

cletonatc>rs meet all requirements for series firing,
WARNING  -  Do  not  use  STATICMASTEB  electric  cletonatclrs  in
tlle same circuit with other types or brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

duplex  copper  lead  wjres  (yellow color)  in  lengths  of 40'.  60..  8C)I,
10C)'.120',150.,160`,  200',  250',  300',  ancl  400';  and  in  shorter
legwire  lengths  (tolded  duplex  wires,  yellc}w)  measuring  12.,  20.,
ar,d 24`.
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HAZ   ARD   O   U   S         C   H   EM   I   GAL      MAT   E   R   I   AL      S   A   F   E   TY

F'.i   3

Ddt  A     S  H  E  I  I

ATIAs  powl]ER  comANy
15301   I)AI.LAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

2.     PREPAREI)  BY:        P.E.   Therriault            I}ATE:        06-24-88

3.     rmlcAL  "ERGENc¥  TELEPHONE  NrmERs:

EAST   OF  THE  MISSISSIPPI:      717   -386   -   4121
WEST   OF   THE  MISSISSIPPI:      417   -624   -0212

REVISION:      Otie

a       4.      "E  RATERIALS  DESCRIBED   IN  THIS  I)ATA  SHEET  ARE:

®                                 RAZARDOUS   CHEMICAL   INGREDIENTS

®       5.      CH"ICAL  AND   CO"ON  HARE(S)   OF  HAZAREOUS   CEENICAL  MIXTURE/INGREDIENTS:

®
®

6
®

®
®
®

ApexLAll  Grades,   RXL  614,   RXL  615.   PowerAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  Ingredients  Include:
An"clniun  Nitrate
Diesel  011   (In  Some  Foznulas)

TSCA                        GAS                              RTECS
LISTED                      NO.                                   NO.

I.                6484-52-2             BR9050000
Y            68334-30-5            NO  Listing

Note:     See  MSDS  for  Armoniun  Nitrate  Plus  fuel  Oil

6.     pH¥slcAL  AND  cHnilcAL  cHARACTERlsTlcs:
Vapor       Flash    }!eltiTig    Boiling     Specif ic

Pressure    Point    Point°C

Armonlun Nitrate
Diesel  Oil
Mixture

®7.

Pc|int°C     Cravitv
Mol,
}!Ei      £4±±    Appearance

0                  d                155                190                I.725           83          None     White   soliE
nd               nd                    nd        147.371          0.87             nd     Pungent   Broun  Liqui=
Neg.            nd                     nd              1251.1   to   1.3     NA          None     White   Grees=

nd  =  No  Data           d  =  Dissociates       na  a    Not  Applicable
I]EryslcAL  HAZARDs :

Atmonium  NitratE  -DOT:     02cldizer
Mixture    DOT  Explosive,   Blasting  Agent

HEAL".  HAZARES :

Carcinctgen
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feccs

9.      PR"ARY   ROUTE(S)   OF  ENTRY:              No   Data

PERMISSIBLE  EXPOSURE  L"ITS:         No   Data

Diesel  oil:     Flammable

---== -----L=`=   _ _a      ._

Ref :   Regiscr:`'   of   Tc}xic  Effeccs
of  Chemical   Substances   (RTECS)

N  =    No  Criteria  Match
Y  =    Poslclve  Criteria  Match

per   RT5CS
nd   I     No   Data
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11.      LISTINCS:

RATERIAI,

AN
SN
SP.
EDDN
DO

I-I  .   =,--    i

Emulsior`s/Ah.FO   Eler}ds
Page   2

NIP  AENUAI.   REPORT                   IARC                              0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARCINOGEN

12.      CERERALI.y  AppLlcABLE   pRECAUTIONs   FOR   SAFE  HAroLING  AND   USE:

HYGIENIC  PRACTICES :

®

®
®
®
®
®

®
0
®13.

Avoid  Skin  and  Eye  Cc}ntact.     Avoid  Breathing  Blasting  Fumes.

pROTECTlvE  mIAsuREs   DURING  REPAIR  AND  RAINrENANCE  OF  CONTAMINATED   EQulpENT :

Use  noti  sparking  tools,   avoid  open  £1ane,  wear  nortnal  safety  equipment,
Such  as  €afety  glasses  and  hard  hat.

pRocmuRES  ron  CLENup  oF  SPILLs  AND  I,EAKs:

Bulk  I'rodu¢t:     Isolate  and  cc)ntain  spilled  material.   Contact  Distributor
ctr  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  with  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Ceticer   (800-424-8802)   and  the  local  Police.

CONTROL  MEASURES :

ENCINEERENC:             rollov  BATE  standards   for  storage   (27   CFR   151   Suttpart   3)
Except   for  Bulk  plc)ducts,   see  "Do's   ar}d  Don'ts  -Instructiclns  ahd

Wamlng§"  -  found  in  every  shipping  case.
See  Institute  of  Makers  of  Explosives  I'u.Dlica[ions.

WORIC  PRACTICES:      Follow  OSEA   Standards   for'Storage   and  Use   (29   CFR   1910.log)
Except  for  Bulk  products,   see  ''I)o's  and  Don't5  -Instructions  and

Warnings"  -  found  in  every  shipping  case.
See  Institute  clf  Makers  o£  Explosives  Publications.

pmsoNAL  PROTECTIVE  EQulpRENT:

Avoid  Coar.ic   fumes  frota  blasting,  wear  norm.al  protective  equiptDent,
Such  as  Safety  glasses.  hard  hats.   etc.

14.      RERCEh'#  AND  FIRST  AII)   PROCEDURES!
`--.,._

Do  t`ot  attempt  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area-     Avoid  toxic  fumes  frc>m  fires.
h  cage  of  skin  cor}Cact,  uash  affected  area  `.ith  water.     Eye  coritact  -
flush  eyes  for  at  least   15  minutes  and  consult  a  Physician.

15.     DISCIARER:         The  abc}ve  information  taken  from  various  publlghed  and  unpublished
sources  is  believed  Co  be  accur3Ce  and  represents   the  best
|nfortration  currently  av=ilable  to  us.     Houever,  ve  make  no  t7arranty
of  the  accuracy  ot-such  -;nformation,   ei.press  ctr  lnplied,   and  assume
no  liability  resulting  from  its  use.     Users  should  make  [helr  o`m

#¥=:ts8£:i:EEa:°p8:;8:::?e  the  Suicat]illty  cjf  cbe  inf ortns:ion  fc>r


