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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJHCT DESCRIPTION

Project Name:        Seismic characterization of shallow Anomalies for Border security

Location:                        San Diego / Tecata, California

Site safety offlcer:     Richard D. Miller

Plan prepared By:        Richard D. Miller

Estimated Duration ofField work:    2 days

11.        STATEMHNT OF WORK

Unauthorized infiltration into the U.S. is possible through the air, from the sea, across the land,
and under the ground.  A variety of extremely efficient and effective detection and deterrent systems are
available, in use, and/or under development that reasonably address illegal encroachment on U.S.
territory through all but beneath the earth surface.  Several near-surface geophysical techniques have
been evaluated and in certain situations and assumptions show promise in detecting underground activity
related to tunneling.  Surface seismic, both passive and active, possess demonstrated potential, but lack
efficiency in operation and high confidence, independent identification techniques.  Recently developed
acquisition and analysis techniques for multi{harmel surface wave imaging has opened the door to a vast
number of near-surface applications including anomaly detection and delineation, apecifically turmels.

Routine scanning of the subsurface for anomalies unique to turmeling activities using surface
waves could be done at relatively high production rates and interpretations made with confidence by
minimally trained technical staff.  Acquisition tests have proven that appropriate coupling for accurate
recording of surface waves can be established with only pressure contact to the earfu surface, unlike body
wave surveying in which coupling is optimized by invasive `tilanting."  Marine streamer technology
adapted to land would provide near continuous acquisition of 2-D profiles using pressurengoupled
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 interpretive techniques could be almost real time with preliminary results
available within minutes of data acquisition using either initial reconnaissance surveys and differencing
of periodic "patrol" surveys.  A system using surface wave imaging technology could be developed for
routine monitoring of the shallow subsurface along the U.S. borders, designed to recognize changes in
physical each properties likely related to tumeling.

Evaluating the potential of this imaging technology requires acquisition, processing, and analysis
of empirical data in areas both with confirmed tunnels and those suspected to have turmels.  A feasibility
study could be optimized in an area along the California/Mexico border with two sites in reasonably
close proximity:  one with a known tunnel and the other with a suspected tunnel.  The intent of this study
would be to first determine if these turmels had a readily distinguishable, unique signature, and second,
to determine if a second suspected turmel existed at a nearby site.  This study would lay the groundwork
for development of a system to be deployed along the border providing routine surveillance beneath
along access roads and trails running parallel to and in close proximity of the U.S./Mexico border.
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INTRODUCTION
Historically, detection of anomalies using seismic methods has relied heavily on wavefield inter-

ference and point source radiation phenomena (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
situations, but considering the wealth of information contained in the wavefield, it is at best a cursory use
of the information available in the wavefield.  Recent development of surface seismic techniques
designed to provide a quantitative measure of key seismic properties for each 3-D cell of a specified
earth volume from a single shot gather by analyzing individual components of the wavefield has shown
great promise (Miller et al., 2001). It is the intent of this project to evaluate the potential of these seismic
imaging and sampling techniques for shallow tunnel detection.  By estimating Vp, Vs, and layering within
individual subsurface cells, anomalies (manmade tunnels) in otherwise unifomi sediments should be
distinguishable from natural changes in sedimentation.  Designing the distribution of subsurface cells,
interpolating between sample points, and constructing confidence levels on values in the 3-D volume
will require geostatistical procedures ,

Ground truth will be critical.  Technique verification and fine-tuning is essential to correlations
between expected and observed variations in seismic properties interpreted to be indicative of target
tunnels.  A turmel known to exist along the U.S./Mexico border near Otay Mesa, Califomia (assuming
sufficient similarities in geology, tunnel dimensions, and depth), would serve as an excellent calibration
site.  Distinguishing anomalies using various components of the wavefield was successfully calibrated
for detecting bedrock karst feature in southern Alabama through empirical correlations (Miller and Xia,
1999)'

GEOPHYSICAL and GEOSTATISTICAL TECHr`ITQUES
Surf ace Wave Inversion and Wavef ield Analysis

Surface waves traditionally have been viewed as noise in multichannel seismic data collected to
image targets for shallow engineering, environmental, and groundwater purposes (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 near-surface (Schepers,1975) and petroleum appli-
cations (Glover,1959).  The combination of these two uniquely different approaches to seismic imaging
of the shallow subsurface permits non-invasive estimation 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 subsidencenrarst delineation has required a unique approach
that incorporates SASW, MASW, and CDP methods.  By integrating these techniques, 2-D continuous
shear-wave velocity profiles of the subsurface can be generated.  Estimating the dispersion curve from up
to 60 closely spaced receiving channels calculated every 4 ft to 8 ft 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 wave
train anomalies associated with voids, changes in material composition, and even variation in bedrock
depths can be ascertained.  This method provides a quick, very non-unique method of identifying areas
where the geology has changed, with depths that can be inferred from the I/2-wavelength axiom and phase
velocity estimation using the dispersive properties of surface waves from native, undisturbed, or
"normal" earth materials.

Surface waves travel through the shallow layers of the earth as a function of Vp, Vs, and layer
geometry.  Since surface waves are dispersive by nature they have a direct correlation between phase
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velocity and frequency.  This characteristic allows the imaging depth to be estimated based on wave-
length.  Surface waves travel in a smooth retrograde elliptical fashion in a homogeneous earth.  When
anomalous material interrupts the otherwise laterally uniform earth materials the wavefield is disturbed,
much like a rock disturbs the surface of a pond.  Disturbances in the wavefield 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).

Rofractionflomograpky
Direct and refracted P-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
incorporating 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 and layer geometry (Ivanov et al., 2000).

Tomography has been used to solve many subsurface problems Q'eterson 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 et al., 2000) provides 2-D Vp sections at
the same 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 subdivision of the earth into cells, fundamental to tomographic
analysis. A true advantage to the JASR method used here is its ability to reduce the non-uniqueness
problem inherent in conventional refraction and refraction tomography methods (Ivanov et al. , 2000).
This approach increases the detail in resulting images and therefore improves the apparent resolution,
and since calculations 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.

PREVIOUS APPLICATIONS
Detecting anomalies at depths from 2 in and as deep as loo in and non-invasively measuring

shear wave velocities to within 15% of borehole measured in a variety of near-surface settings has been
effectively using the MASW method (Xia et al., 2000b).  By acquiring many individual multicharmel
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
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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 same 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 empir-
ical support for the utility of this method.  Mapping bedrock at depth from 2 to 7 in was successfully
accomplished at a site in Olathe, Kansas (Figure 1).  Preliminary analysis of this site's hydrologic
characteristics, based primarily on borehole data, suggested that fractures and/or an unmapped buried
stream channel was 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 charmels.  Delineating dissolution features beneath
undisturbed alluvial overburden provided information integral to the design and construction of a power
plant in Alabama (Figure 2).  Dissolution features interpreted on shear wave velocity profiles were
consistent with borehole data and with other seismic data collected at this site.  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).  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 3 to 5 ft deep in trenches, infilled with native soils,
and then covered with asphalt produced a distinctive signature on surface wave data.  A 6 ft deep steam
turmel located on the University of Kansas Campus was uniquely located with it general shape delineated
using surface wave wavefield interference analysis (Figure 5).  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
Acquisition of surface-wave data for the study proposed here will be consistent with the roll-

along method used in ChAI' seismic reflection surveying.  Data will be acquired along several parallel
profiles as near perpendicular as possible to the suspected trace of the target tunnels.  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 Surfseis (a proprietary
software package from the Kansas Geological Survey that facilitates use of MASW for continuous
profiling).  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 (Figure 1).  Care will be taken to insure
that the spectral properties of the t-x data (shot gathers) are consistent 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 puapose 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 tech-
nique called Filtering of Dispersive Seismic Event ¢DSE) will be used to suppress higher modes on
some shot records (Park et al, in press). This method removes higher modes through filtering in the fre-
quency domain and avoids the detrimental artifacts that are observed in dispersion analysis if higher
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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.

Two-dimensional Vs cross-sections obtained from MASW analysis will be used to generate an
initial inversion model for the tomographic inversion to Vp (Ivanov et al., 2000).  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 converge 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 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 6).

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.

A series of independently acquired two-dimensional Vs and Vp cross-sections will be optimally
interpolated into the 3-D space using semivariogram to produce block kriging estimates in unsampled
space.  To populate the 3-D space with Vs and Vp estimates, directional semivariograms will be produced
and examined for nonstationarity. If nonstationarity is detected, semivariogram models will be computed
in a direction perpendicular to the drift and used for block kriging. This insures that a conservative set of
observations will be used in calculating the kriging estimates. A series of experimental models will be
fitted to the experimental semivariances and the model producing the smallest estimation error will be
chosen. This semivariogram model is then used to produce block kriging estimates for the geophysical
property. A cross-validation is performed to verify that the block kriging estimates are valid and that the
observed estimation errors are within the theoretical limits. The resulting three-dimensional solid model
can be displayed as cross-sections along any desired row or column, and as maps of any desired layer.

DELIVERABLES
Products of this feasibility study will be delivered to ERDC at various times throughout the

operations schedule.  These products include:
•   Site safety plan
•   Raw data in SEG2 format
•   Field processed Vs profiles for each line
•   Field processed Vp profiles for each line
•   Field processed wavefield sections for each line
•   Preliminary report assimilated after return to KGS facility in Lawrence, Kansas

>    Field layout and testing
>    Data acquisition procedures and data samples
>    Processing procedures and data samples
>    Interpretation ofall processed data
>    Supporting data and discussions of results
>    Recommendations and conclusions

All deliverables will be consistent with the included schedule or a revised scheduled based on agreement
by both KGS and ERDC.
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APPENDIX

OUTLINE 0F PROPOSED OPERATIONS

Prfe¢se I (Otay Mesa, CA, data acquisition)
a.    Testing will require analysis be consistent with data acquisition.  It is the intent of this study to

produce a representative sampling, an "average" compressional and shear wave velocity, surface
wave dispersion curve characteristics, frequency range of seismic signal, velocity variability, and
general attenuation properties.  It will also be an objective of the team to assess site-access
difficulties, coupling concerns, and logistical issues.  Results will guide the approach used and
parameters selected for phases 11 and Ill activities scheduled to commence immediately upon
completion of phase I.

Prfeuse JJ (Tecata, CA, data acquisition)
b.    Walkaway noise tests will be the basis for establishing accuracy and effectiveness of the seismic

method evaluated on this project.  Walkaway noise testing will be dynamic and exhaustive, modified
as dictated by the recorded data.  Sources and receivers selected for testing will be appropriate for
the technique being evaluated.  At least two different source-to-nearest receiver offsets will be used.
Based on the maximum depth of interest, receiver spacing will likely be 0.5 in, with data acquired
from both ends and the middle of the test spread.  In addition, off-end data will be collected with 2 in
and 122 in source-to-nearest receiver offsets.  This configuration will provide maximum offsets in
excess of 240 in for each source and receiver tested.  These offset will be adjusted as necessary to
record all arrivals of interest.

c.    All walkaway data will be coincidently processed to establish the ideal configuration for each tech-
nique.  Processing will include calculations and comparisons of each technique to ground truth (Otay
Mesa tunnel location).  The optimum configuration of source, receivers, offset, spacings, and record-
ing parameters will be established to allow coincident recording of all data necessary to fully image
the subsurface with each of the seismic methods to be evaluated.

d.    Acquire the data on a 2'/2-D survey design based on field testing and analysis.  Single 2-D profiles
run approximately parallel to the border and perpendicular to the suspected turmel using a prototype
land streamer in a pseudo continuous acquisition format.  Data will be acquired so that appropriate
energy is recorded to optimize processing using surface wave inversion, refraction, tomography, and
wavefield imaging techniques.

e.    Processing data on site, pseudo real-time (worst case same day).  Build a 2-D velocity model of vp
and Vs using surface wave inversion, refraction, and/or tomographic techniques.  Use a variety of
data reduction techniques to search for wave field evidence ®attems and character) associated with
the tunel signature.

f.     Interpretations will be done based on velocity structure, interference patterns, radiation patterns, and
any other data characteristic found to be consistent with tunnels as determined from investigations at
the ground truth site.  Preliminary interpretations will be on-site and a collective effort of the KGS
and ERDC operations staff.

Pfo¢se JtJ (exhaustive data processing)
9.    Detailed and enhanced processing will be completed on the way back to the KGS facility in

Lawrence, Kansas.  Algorithms will be modified and modeling routines will be produced to focus on
identification of signal, separating signal from noise, and signal enhancement.  This will require
programs like Surfseis ®roprietary software whtten, copyrighted, and sold by the KGS), which was
the product of surface wave research at the KGS, to be uniquely modified and/or enhanced as well
other programs like Winseis ®roprietary software whtten, copyrighted, and sold by the KGS),
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which is a product of KGS research in high resolution seismic reflection applications, to undergo
unique adaptations for the expected subtle yet consistent signatures of turmels.

h.    Potential of this technique to be deployed as part of routine surveillance of the downward continua-
tion of the U.S./Mexico border by trained military or government law enforcement staff will be
discussed and evaluated as a concluding component of this test program.

Test Sites

Otay Mesai, Ct\"orhial (known tunnel calibration site)
Tecata, California /sc/spec/ /c/#"e/ s!.feJ

Summary of Equipment, Specific Tests, and Timeline of Proposed Program

1)   Seismic system -Geometrics 240-channel R60 Strataview with Stratavisor controller

2)   Equipment available for testing and parameters selections
• single 4.5 Hz GS-11 Geospace geophones
• single 14 Hz GS-llD Geospace horizontal geophones
• double 40 Hz L-28E Mark Products geophones
• triple 10 Hz U2w Mark Products geophones
• variety of combinations   -hammer (20 lb,16 lb, 8 lb, 21b) and

-plate (1 sq ft x 1", 0.25 sq ft x 1", 2" shaft,1" shaft, punch)
• slide hammer impact source
• RAWD (Rubberband Assisted Weight Drop) P-Wave
• RAWS (Rubberband  Assisted Weight Slam) S-Wave

Testing will include:
• establishing source characteristics
• various source configurations
• geophone response and sensitivity
• number of shots to obtain optimum vertical stacking
• optimum receiver station spacing
• source power and offset
• determination of sampling interval (spatial and time) based on appropriate oversampling
• 240 trace, pseudo-continuous walkaway with source offsets from 0.5 in to 120 in
• digital filtering

3)         Likely optimal design for surface seismic production:
a.    Surface Wave-S-Wave & Wave field Analysis: RAWD (3 impacts/station), 30 recording

charmels, 4.5 Hz geophones, 1.22 in receiver spacing, 2.44 in source spacing, and an end-on
rolling spread. Land streamer technology will be applied once capabilities determined to meet
program requirements.

b.    Refraction/Tomography-P-wave: RAWD (3 impacts/station), 60 recording channels (two
spreads w/30), 4.5 Hz geophones, 1.22 in geophone spacing, and 36 in shot spacing.

4)   Planned Operations Schedule (assumes testing at known tunnel site and short test period at suspected
turmel site, followed by several parallel lines stepping away from the border road.  Search lines are
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assumed to be less than 500 in long, requiring location of potential tunnel known within 200 in
east/west).

ADi]rox. Ihation
Mobilization/Demobi I ization                                                                                       3 weeks
Travel,1 roundtrip                                                                                                         1 week
Walkaway noise testing (Otay Mesa, CA, known tunnel site)                             I/2 day
Walkaway noise test analysis/modeling                                                                   I/2 day
Walkaway noise test (Tecata, CA, suspected tunnel site)                                      I/2 day
2t/2-D optimized grid, data acquisition target QTecata, CA, suspected turmel)  t/2 day
Preliminary processing of 2]/2-D optimized grid data                                            2 days

5)   Deliverables schedule:
• Site Safety Plan-first day on-site.
• Raw field data:  SEG2 fomat-last day on-site.
• Test data analysis and basis for field design-1 week after return from field.
•  Preliminary processed Vp, Vs, and wavefield gathers for individual profiles crossing over known

and suspected tunnel 1ocationsulay after acquisition completed in field.
•  Preliminary E§pg± (including all data and analysis) -1 week after return from fieldwork.
•  Final Rei)ort+after review and comment by ERDC.
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in.      REspONslBILITIEs

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.  AIL parties will cooperate in working as
safely as possible and will comply with all applicable safety requirements as set forth by WES 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 storms 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
will be modified to minimize chances for heat-or cold-related medical problems.  Breaks of up
to one hour every hour might be necessary in extreme situations.  Maximurn hydration of staff
will be strived for at all times.

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

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 food stuff 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 weather, a sheltered area will be availatle with inside tempera-
tures above 32° F.

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

8.     Appropriate drivers licenses will be held by operators ofvehicles at all times (KDOT 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.

11.   All anino will be cataloged and provided to YPG staff when initial site check-in occurs.
YPG staff will be responsible for transport, storage, and issue of ammo once on-site and work
has begun.
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IV.       SAFHTY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.     RIck Miller q£GSLsite safety officer

2.     David Laflen Q£GS)rtyeratious

3.     Bob Ballard (WES)+Delegated Representatives and site supervisors

4.     Chad Gratton (KGS)-Safety coordinator
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Safetv Meetim! at Survev Site Date:

I      Gun/explosives safety (handling of ammo, use of sources, cleaning and maintenance)

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

I      Vehicle safety (road travel, warning signs, traffic control)

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

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

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

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

E      First Aid ¢eat stroke, frostbite, animal bites, etc.)

The following people were present today:

Name /PRINn                                  Company Si_mature

Site Safety Offlcer

San Diego / Tecata, California Page 12 January 2002
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Safetv Meeting at Survev Site Date:

H      Gun/explosives safety (handling of ammo, use of sources, cleaning and maintenance)

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

I      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)

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

I      First Aid theat stroke, frostbite, animal bites, etc.)

TThefollowingpeoplewerepresenttoday:

Name /PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

E      Gun/explosives safety (handling of ammo, use of sources, cleaning and maintenance)

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

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

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

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

E      Emergency procedures (in].uries, property damage, potential problems)

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

I      First Aid theat stroke, frostbite, animal bites, etc.)

The following people were present today:

Name /PRn`m                                  Company Signature

Site Safety Officer
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V.        EMERGENCY INFORMATION

Police/Ambulance:

Chula Vista Police:

Medical Center:

Chula Vista Fire Department:

La Quinta Motel:

911 : colice/fire dispatch r619` 691 -5151

/619` 691 -5150 rgenerall

ScriDos Memorial Hosoital. 435 H Street. Chula Vista
/619-`-691-7000

/619) 691-5055  rgenerall

(619` 691-1211

Emergencv Contacts in California

U.S. Border patrol                    San Diego sector, EI cajon station
225 Kermey Street
EI Cajon, California 92020
(619) 557-5072 (from web); I was also given (619) 448-0525

The EI Cajon Station is located 27 miles northeast of San Diego Sector Headquarters. It is respousfole for 12.7 miles
of international border with Mexico beginning in Marron Valley Road in Dulzura, California, and extending eas-
tward to the community of Potrero, California. EI Cajon's area of respousfoility also includes 323 square miles of
inland terrain immediately north of the international boundary and includes the mral border communities of Jamul,
Dlilzura, Barret Junction, Tecate, and Potrero. The terrain in EI Cajon's area of respousfoility consists of some of
the most harsh, rugged, and isolated territory in all San Diego County's border area. It remains langely undeveloped
with minimally maintained roads that require the use of four-wheel drive vehicles.

San Diego Sector, Chula Vista Station
3 1 1 Athey Street
San Diego, California 92173
619-662-7233

San Diego Sector Headquarters Location
2411 Boswell Rd.
Chula Vista, CA 91914-3519
619-2164000

KGS Emergencv Contacts

Safety Coordinator and Project Manager
Rick Miller, Kansas Gcological Survey

Cellular (in the field):   785-766-8636

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:   785-864-2109
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Emergencv Routes
((holude road or other direction; attach map with routes highlighted.  To be filled out by Site
Safety Officer.)

froLLedhaHtrypjLai
435 H St, Chula Vista, CA, 91910-4307, US

Jph  b,q,Cq,-7Doo
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Procedures

Accidents/hiurv:  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 through 2/6/01.  This
certification was received though participation in the "Standard First Aid" and "CPR for the
Professional Rescuer" 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 OSIIA requirements.  OSHA certificatious are provided by EPIC Training and
meet or exceed 29 CFR 1910.120.

TThe following persons are certified as indicated (strikethough denotes no certification):

Certified in:       First Aid       CPR        40hr OSIIA      Rick Miller

Certified in:       First Aid       CPR        40hr OSIIA       David Laflen

Fire/EXDlosion:  Upon notification of a fire or accidental explosion on site, the fire department or
appropriate 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 YPG
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 response
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.

Permits:  All necessary and appropriate permits, fees, and licenses will be obtained by WES, with
copies available on-site for inspection by local authorities.
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VI.       TASK SPECIFIC IIAZARDS

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 availal)le 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 aplit two-hand carry grip.  Activities such as changing broken handles and
attaching new hammer switches 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 handie.  Gloves, safety glasses, steel
toed boots, and hard hat 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
commercial 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 lpm and initiate the hydraulic value (foot control in
operator cage), 3) weight is raised agalnst resistive foree (rubberband), 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 souree 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 safety.  By maintaining a
mhinimum 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
eeasily accomplished if manufacturers ' operating and use instructions are followed.

The field investigations will involve proj ect personnel performing geophysical 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 inpacts, and
high sound levels.
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VII.     ALCOHOL AND DRUG POLICY

The University 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 workplace regardless of whether it is at a remote field location or
on campus. The University of Kansas and Kansas Geological Survey consider alcohol and drug
use (nonrdoctor prescribed) while ``onrduty" a health and safety risk. The following section
detalls the University and Survey policy as it relates to drug and alcohol abuse and misuse,
enforcement of policies, and penalties for violating those policies.

Policy on Prevention of Iuega] 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 drugs 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 Uhiversity property or
at Uhiversity events shall be subject to disciplinary action in accordance with applical]1e 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 al>ide by
the terms of this policy statement and will notify the Uhiversity of any criminal drug statute
conviction for a violation occurring in the woriaplace 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 termination, 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
purposes of this policy, ``conviction" means a finding of guilt (including a plea of nolo conten-
dere) or imposition of sentence, or both, by any judicial body charged with the reapousibility to
determine violations of the federal or state criminal drug statutes.

Kansas 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, offedng for sale,
distributing, or manufacturing opiates and narcotics, 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 term 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 hallucinogenic 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 amphetamines and methamphetanines 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 up 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
term 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. Drug 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 amphetamines.
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. Dnmk
drivers are responsible for more than half of all traffic fatalities.

Counseling & 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 Information Center
are excellent sources for infomation about University and community resources for counseling
and treatment. The Health Education Department of watkins Health Center can provide further
infomation about health problems and treatment related to alcohol and drug problems.

Uhiversity 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 Uhited States Code and as
further defined by the Code of Federal Regulations, 21 C.F.R.1300.11 through 1300.15. The
term 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 Uhiversity.

The Uhiversity has a right to expect that employees will perfom their jobs appropriately
and to insist that job-performance standards be met. The University may properly intervene only
when impaiment affects j ob 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 j ob perfomance 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 en-lightened 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 personnel. 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"tost"ce-ablb"se WITHOUT IDENTIFYING THE CONCEENED EMPLOYEE before
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 performance 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 uhiversity expects that employees with a possible problem of substance chuse, even
in its early stages, will be encouraged to seek diagnosis and treatment. The employee
should be assured that seeking help will not interfere with job status, promotional
oppertunities or other privileges.

•    Ifthejob 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 oz7fj.our czva!g./ab/e fo czw emz7/ovee
wz.ffe cz7e i.//#ess that interferes with job perfomance:
a.    Beg.#p z7/¢ced o7c sz.ck /e¢ve. 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 speeifically the terms of the em-
ployee's return to his or her duties at the end of treatment (e.g., how the Uhiversity 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 o_f absence without _pay _i;or up to tweive months. Thi:s aphonis
for classified employee;, upon approval of the Department of Human Resourees.

c.    rczkz.#g ea!r/v re".re7%e«f. This option is for those otherwise eligible. It is, of course, a
drastic solution for both the individual and the Uhiversity.

d.   Reszgivcf7eg. 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.

Information revealed by the employee while receiving professional services will remain
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 IIAZARD ANALYSIS

AL.        W orkltem::.  Troff i:ftc control

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

SDecific Hazards-The specific 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 Item..  Accelerated weight Drop

The accelerated weight drop (AWD) generates
acoustic energy by accelerating a 50 to 1001b weight
through a 2 ft stroke impacting an 18 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 tuning 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.  All 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 Measures
1) The operator wears hearing protection (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) AIL shields are to remain 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.

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
apeeds in excess of 15 mph and therefore do not
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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 Yaniaha has a specially designed cable winding device (not used for this survey).  The
Yamaha 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 §a£Qr is designed to carry the seismograph and 12-volt batteries.  This vehicle never
travels more than 10 mph and spends over 99% of its time parked along the survey line.

3) The Eg|ats 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.

Safety Specifics:

Every ATV operator shall possess a valid state drivers 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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C.       Workltem::.  Slide Hammer and sledgehammers

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

Control Measures-Only experienced operators, power hammer into ground at a controllatle
level, no bystanders within the distance of two hammer handle lengths side-to-side and behind
and 25 ft in front.

IX     TINNING

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) proteets employees from the hazards and potential
hazards they are likely to encounter as identified during previous site characterization activities.
PPE consists of a combination of proteetive 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 protee-
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 personnel
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
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Hard hat* (only necessary for certain operations)
Eye protection
Hearing protection as required by OSIIA for certain 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-
able 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 rapellant.  These protective chemicals
will be available 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.

XII.     ENVIRONMENTAL IMPACT ANALYSIS

TThe 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; Paducch Gaseous Diffiision 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.

RTII. HANDLING AND DISPOSAL 0F UNEXPLODED ROUNDS

The handling of live ammunition will be in complete compliance with sections VIH.A
and 8 and seismic gun operation procedures Goth sections of this report).  In the event a round
does not detonate using standard operating procedures, the seismic source will be left in place
undisturbed for a minimum of 3 minutes.  After this initial 3 minutes, the shell will be extracted
to insure minimal contact with operators.  The unexploded round will be placed in the metal
container used for the storage of spent rounds.  If the round is an 8-gauge it will remain in the
sleeve for a minimum of 20 minutes after placement in the metal can prior to being placed in a
metal can and locked in the steel containers attached to the truck.  If it is a 50-cal. round it will
remain in the can for 20 minutes before it will be removed and re-stored in a metal can in the
metal transport boxes attached to the truck.  The unexploded rounds will then be delivered to
YPG demolitions staff for disposal at YPG.

*When operating sledgehammer, slide hammer, 30.06 projectile, and auger gun.
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XIV.    REFERENCES

Applicable portions of the following documents fom the basis for this safety plan.

From the United States Department of Energy:
DOE Order 5480.16, Fz.reczr"s Scz/edy.
DOE f\apoctDOEIEN106\94-3 , DOE Explosives Saf ety Manual.
ID Appendix 0550, S/¢#d¢rd Opera/z.o#cz/ Scz/edy Regwz.re"e#ts, Part Ill, Subpart I, "Explosives"

From the Uhited States Department of Defense:
DOD 6055 .9-STD, Ammunition and High Explosive Sofety Standards
AR:385-63, Sofety Policies and Procedures f;or Firing Ammunition fior 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
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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) 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):

Uhinjured 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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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 cannot 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 associaLted with the firing

rod
R/R bolts a.nd 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
Extract 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
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March   24,    1987

MANDATORY    SAFETT    ROLES     FOR    USE    OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun  is   powerful  and  must   be   securely   positioned  when
fired.     Danger  exists  not   only  with   the   ballet   projectile,   bit  also  with   the
recoil  of  a   loose  gull.     Be   sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  object.     If   the  gun  is   jamming  or  stick-
ing,   clean   lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion   of   dirt   and   Sand   to   the   pares.

Operational  Safety  Rules

1.     Each  day   the  Party  Chief  must  nLake   sure   all   personnel  are   I-ully   trained   in
safety  rules.

2.      Arm   the   gun  ONLY  when   the   gun   is   in   poS`ition   to   be   fired.

3.      ALWAYS   unlock   the   bolt   when  moving   the   gun   (disarin   it).

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

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

6.      ALWAYS   double   check   safety   proc.edures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   tr)Its   are   Ci8ht.      Do   not   force   C`i`e   gun   do.L7n   an
augered   ho.1e.     Re-auger   the   l`ole,   if   necessary.     Be   sure   t'tia[   the   base   plate
rests   on   the   ground.     HaL`-e   two   people   stand   on   the   plate   .w.nen   firing   (flex
knees   to   absorb   the   shoctr`).

I.£   the   hole   t`as   wrater   ln   1[,    seal   the   muzzle   of   tl`e   gun   w.i.[h   ta!}e   or   a
balloon   to  keep   water   from   seeping   itito   tl`e   barrel.     Avoid   th.is   situ..i[ion,    it.
possible.     Water   in   the   barrel   inay   seriously   damage   the   giin  when   fired.
Injury  is   possible.

Surface  Mode

Be   sure   all  mounting   bolts   are   tight.     Carefully   procec[   the   breech,
trlg8er,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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opEPATIONISAFErv BULEs AND PIEGULATioNs
FOF3 THE

AUGEF3  GUN

.i/,'`.,qz-

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.

ODeration    and    Safetv    F}eaulations

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.



hproved Shallow Seismic.Reflection Source: Building a Better Buffalo

John HeQley,  Joe  Andersor., Richard Miller,  Dean Keisu)etter.  Don Steeples,
and   Brett Bennett, Kcirrsas 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,
ha`'e 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 -
thors).   Recer,. advances ill high-fi.equency
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 over 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 AivD 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  sources,  a
minimal diameter pilot hole (generally 6 cm, or so)
approximately 80 cm deep must be bored.   The auger
gun described here incorporates all the pre`'ious
operations  and  configurations into  a single pass
source.

The auger gun consists of three main
parts:   power source  (skid-steer 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 screw-on head),  solenoid
firing, time break from a downhole sensor.   The
firing pin has  an automatic (spring-loaded)  safety.
These  components  when  assembled  represent
approximately 1500 kg and are 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  the  gi.ound.   Once
the 4-wheel-drive loader is in place, the containment
plate is lowered to the ground sui.face wit,h the weight
of the loader placed on the plate.   The hollow-st.em
auger flight is  then screwed into the ground using a
gaging 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
iT.`.to  the gi-ound accoTnplisbes  both lixceptional  blast
contaiillr.ent  ana  minirLial  residual  borelLoit=.   After
the auger flight is securely screwed  into the ground
80+ cm, the 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 seat,ed 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 t)e 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 aLnd 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 pr.eparation 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 `vere recorded
on an Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
1/2 ms 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 blanks.
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
A:gher with tlie auger gun with verv little differeTLce
in the dominant frequency on either field file.
Reflection information is not directly intexpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both flies at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of removing 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  rilLci.ed  files.   TI`e
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 i§ present 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 ullfiltered 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  difference 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.   Signiricant
variability in frequency 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 a.uger gun is a
modification of the  oritri,rinal buffalo gun design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As with all  seismic
equipment and  techniques,  site  chat.acteristics
dictate relative effectiveness.   One characteristic 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 that at sonie sites 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                   too                  150
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Fig. 4    The darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger  gun).
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l}ovnl`oLc   .50-calLl)er   ltlflc-aD   Advance   lri

llLt;lI-rl.eoLu[Loli   ScLOI.Lc   Sourcce

I)on   W.    Scee|}lcs,    Rlcl`ard   I).    .1lller,    Ralijh   W.    Ki`app,

Kal`s.ls   CeologLcal   Survey.

SurL"Y

ln   a   dtrec[   call)pArl8on,    the   dovnhole   .50-caliber
sel8itilc   Source   produced   nope   selgn)Lc   eoergy,   a
broader   body-wave   frequency   speccTi]ai,    an   a[]pLltude
drop   Ln   the   air-coupled   Wave,   and   A   higher   doqlnat)I
i requeT`cy   of   Ct`e   recorded   body-vave   energy   than   the
Silenced   Out.face   .50-caliber   ®ource.      The   recorded
8elgnlc   energy   o[   tl`e  dovnhole   rlf le   ghowed   an
Lr`creaaed   all)plLCude   of   6   Co    12   dB   over    Chat
recorded   by   tl`e   8Llenced   our face   rifle.      Ttie   dodLl-
f`aA[    f requency   of   CI`e   recorded   ref lecclon   er`ergy
vag   conslscencly   20   Co   40   N2   higher   than   the   8iir-
face   t'Lfle.     The   all-coupLed   Wave   aaipllcude   Was
deccea®ed   over   12   d8   by   eub®urface   £1rlt`8   of   the
rlf le.     The   frequeficy   epectr`.a  of   the   body-vave
pulBe  vac   broadened  by  .1eo®t   .  half   octave  ori   the
hl8h   end.     The  eafecy  of   operacloa  of   the   eou[ce   18
not   codiproal8ed.     Refleccore   vl[h  .  doE41aati[   £t.e-
quef`cy   ln  ®xce8®   of   loo  tl2  can  be  ca.lly   ldet`Clfled
oa   field   I llce   &[   depcl`®   of   lee®   Ch.a  30  t]  uelng
the  dotmhole   .50-calltier  rlf le.     Ideatlflcatloa  of
loo-llz   reclec[o[®   froa   I,loo   .18   po.®1ble   on   flcld
flleg   of   d]iiLclple   verclcally   8t4cked   dotmhole   .50.-
callbec   8ho[8.     The  ®ource  vlll  operate  la  an
ef f LCLei`C   itiant`er   collecclrig   COP   data,   coafoon-of fset
data,   or   ®po[-cor[elaclon  daca.

INTR0l)UCTION

lncrl...mlni:   a.wtro.lm.3n[Al   ar`d   Cn8lnec[lns   .|t|ll1-
cill(a."   o(    t'c(lec[Loi`   BeLsaiologjr   ltovc   Bpurred
rege.ircll   find   developmel`C   of   8hallov   hlah-rc8oLu[(oo
cc{lt!cCI.oi`   t¢clmlqucg   nl`d   cquli}-en[.      R¢golutloi`   ou
[I`a   order   oe   A  I]ecer   Lo   nece®sat.y   to   dc[ect   ulcraL-
el`allow   torgec9   vl`Lcl`   are   8et`erally   [l`e   goal   of
•osC   ei`vlroi"oncAL   .1i`d   cngtneerLng   f!CudLeB.      Thl9
lI`c[ed®ed   regoLuclon   con   bc   ob[alned   by   booscLng
[l`c    [[|..i`.t!i`cy   o€    Cl`c   6ourct!   i>ulse   .hlcl`,     ln   Cufn.
Lncreaae8   Cha   domlnaf`t   f requency   of    CI`e   .ecorded
seLsnlc-[efLec[1oo   energy.      GeneTa[1Ag   the   I`18h-
f requet`cy   sel6oLc   Source   pulse   r`ece88ary   for
6I`al.Iov   ai)pLlcacLon8   l`a8   been   accoapllshed   Ln   a
oul[l[ude   of   dLf feren[   vay8   1n   the   pa§C   (`1111er   e[
al.I    1986).

Recent   3eL§dlc   Source   advances   ac   the   Kano.is
Ceologlcal   Survey   (KCS)   have   aalnly   revolved   arourld
surface   p.oJeccLLe-type   §ou[ces   (Steeples   and
K-lapp,    198Z;   Hlller   and   Steeples,    1986;    Seeber   and
Sceepl.es.1986).      A   .SO-caliber   rifle,   tJhlch   was
designed   and   bullE   to   8af aly   fire  a   750-8[alr`  bul-
let   verc(cAILy   Ln[o   [l`e   ground,   has   raore   recently
beel`   Ada|.ted   Co   operate   partially   undergE'ound   vl[h
only   [lie   fl[lng   appara[Li8   above   ground.      This   al-
lows   aafe   oper4Clon8,   a   higher-frequer`cy   Source
pulse,    and   an   Increased   slgrLal-to-nol8e   ra[1o.

pr..s.I.I:.N..4.N.I!.:I.I.icil.N.t.q!.q.

Tli¢    t!f!I`cr..Il    deglgl`   cencer§    aroui`d    oii[tal7.Lni;    Ct`c
culivcr.`luli   {il.   c.`.rgy   iiroducl.U    by   a    .5u-c.illlil.r
rtf I.`    hiill``c    Inca   *elsmtc    (acouBC[c)    Waves.       Tl`|.

Taajorlcy   of   the   energy   produced   b/   a   .50-caltber
round   goeg    1i`Co   accelerattn8   El`e   projec[1le   and
lnco   exhau8C   gases.      Prevlou6ly,   vl[Ii   above-ground
8ource§.   we   have   silenced   and   dlsper§ed   the   exl`ausc
ga®eB   ln   hopes   of   elloLnatln8   or   ac   lea8C   gt'eacly
reducing   the   ef f ecEg   of   the   air-coupled   Wave   on
gelsolc   data.      The   dovnhol.e   .SO-calLber   rifle
nearly   91mulEaneously   excites   Ct`e   earth   wlcI`   €i
projecElle   and   vl[h   exhau8C   gases   vhlle   con[alr`ln8
nioac   of    the   air-couF)Led   vave,    resul[1n8    Lt`
lncrea8ed   Erequet`c.v   ar`d   sl3nal-Co-noise   [aclo   oi`
8elaailc   record   sections.

The   dowi`hole   .50-callbet.   selsmlc   Source   con81sCs
of  a   .SO-caliber   rlf le   bolted   [o  a  O.6-ct.-chick
8teal  place.     "e   rifle   1[8.elf   ls   a  8Eandard   .50-
callbet   breech  and   bolt,   bullc   by  Texas   Gun  at`d
Nacl`1ne  Coopatiy,   .c[.ched   Co  a  €[afidard   .50-caliber
t.achlne-gun  barrel.     tlachlned   grooves   ln   the   barrel
Are  u8ed   lti  cgnjuf`cCLoa  vl[h   a   pressure   cladp   [o
•Ct®ch   the   rl£l.   [o  a  30-ca  by   90-cm  g[eel   plate.
The  rifle   barrel   ls   lottered   ln[o..  60-Co   80-cm-
deep   borehole  4  ca   ln  dlaneter  un[tl   the   plate   ls
f lush  vlch   the  ground  surface.     This   steel   plate
acts   as   a   ground   seal  and   a   pla[forq)   co   stand   ori
vhlle   £1rlrlg   the  gun.     The  vel8hc   of   the   shooter   on
the   plate   and   the   ®nug   [LC   of   the   barrel   Co   [l`e
borehole  walls   help   seal   Cl`e   gun   [o   tl`e   gt.ourid.
The   rlf le  can  be  equipped  vlch  a  soiirce   Sensor   or
cloBurc   #wl[ch    to   I;eiicr.i[.`   ..I    Llmc.    hrl...`k.       Ftrli`t:
cult   b¢   doi`e   eltlii.c   ¢lccirlc;iLLy   by   a.tl¢i`old   or
d.1A`.Ally    t)y    |}`I`l(rir,    I:lt..    rrl):i.,i!r.        T[i`.    Ilt)vl`lIIiLc.     .5u-

caLlbt!r   velells   dboul   .J{)   .<c   ..iliJ    ls   I...isily   luo-iicrsoti
po.table.

I``Rt:l)Ut;NCY    ^NI)   A-J'l.I 1lll).:

Tlic    doviilioLc    .S0    c;illh.:r    iii.uJ`i`:|'`    ¢cu.0    6    (o    12    {11!

greater   reco[dable   seisalc   ei`ergy   a:   equlvaler`c
offsec8    Cl`an   Ll`e   silenced   surcace    .50   caliber   ([18.
I).     The   lncrea6ed   recorded   energ;r   boosts   the
slgl`al-Co-noise   er`ou8h   Co   8iibscdn[ially   clear`   u|)
the   record   secclot`.      The   source-co-close§c    geoi)l`oi`e
o€€set    ln   £1g.    `i   ls   43   a.       tlesides    :Ills   i`cclceabLe
lnct.ease   ln   recorded   selsllc   er`ers:..,   a   cor}slscei`[
20-40   Hz   hoos[    ln   tl`e   do.Qlnai`[    f [e`i`iei`cy   of    Cl`|`
source   wavele[    1s   cl`4rdccerL.sC[c.

In   previous   shallov-soijrce  coapa:lsol`s   (*iller   ec
al.,1986),    the   surface   .50-cdllbe:   perfoncd   com-
parably   Co  Mlnl-?riaacord   and   ,1   lo-gauge   But falo
giln   11`   total   energ;f   and    i req`iel`cy   speccrun:.      Tl`e
nocGd    Lncrea8e    La    f ret|ucrtcy   .iiiil    cr`er6y   Would   in.ike
[t`e   do.nhole    .50-caliber   rt.€le   co..p`irable   co   cl`e   8-
gauge   buffalo   goo   irhlch   tJas   .1moi`g   :he   besE    sources
tesced    for    refle::!ofl   e'.`.±r3y   ve:si:s    3t.ou``d    roll.
total   ene[8y,    ar`d    i.equer`cy   r.ul`Cei`:.

S^L.`'.;`1`Y

S;,lcL.y     til,u,,Ll'     :,1.     ,,I      ,I,I.     ,,I ,,,,,, :1     .,,., 1:1.,.,,      i` ,,,,, )'

oi]|.rAiLol`     LI`vo`i::`::     ``ii`.`lI:     :+`ilii.t:c`.         I.lil:     ril.L`t     I.i
:-'-,:i"„    '_+::I:.r`_:-e`.       1''„    r"'``'    I.i           I
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m®u.`Cctl    oi`   a   O.6-cm-Cl`lck    flceel    place    [o    |irl}Ct!ct
tl`e   o|ier,itor    from   f ra8fliencB   and   to   help   hold   tl`e
I:`..I    tl.``..`irl.ly     [i`    fili`cl..        *Li`cl.    Cl`c    projcc[lLc     lii
i lreu    Croi-a   bolt   and   bceecl`.    orlglnally   dealgnetl
as    a   8[.ind,ltd    I LreArD,    [l`e   u[oo8C    IA   oAfety   has
•ilrl...i`ly   lil.cn   dcfilgi`ed    Inca   C``e   nc[ual    flrln8
mucl`I.i`lBi..       .I.lie    bole    tii`J    tirct!cl`    iliai`ufActuccr
de§Lgned   the   app®ratue   not    co    fragt]en[   even   lf    CI`e
barrel   vao   conipleEely   ob8truc[ed.      Tl`e   bart'el   181n
*tiu`tl.irtl    `IHl¢    by    CI`c    u.    S.    n]Lllcnry    o.I    .SO-caLthcr
oacl`Li`e   8url8.      Tl`e   exc[a   [t`1ckneee   of   a   t]achlne-gun
barrel   eerveo   to  dl8elpace   heac   and,   e8peclally   ln
oiir   c®8e,   p[ocecte   I rote   blot+-out   lf   foreign  I)acer-
1al   gete   ln[o   the   barrel.     Thle   mteg   con[1nuoue
opera[1one   8afe   and   conB18tenc.

CASE    STUDY

SLlei`ced   8urf ace   .50-callbet.   v8   Dovnhole   .50-
callbec.

The   dLrt!cc   conp4[18oA   of   tlie   eurface   AI`d   [I`e
dovt`hole   .50-cellber   rLf Lee   vac   perfo[oed   rLear
WLnc|.r   t'ark,   Colorado,    1n   .n   At[eia|]C   to   dececc   CI`e
Hoffac   rallroad   tunnel.   €S  a  below   the  eu[fAce.
The   recelvcr.   vere   81ngle   LOO-Hz   8eophone8   vlch  4
I.2-a  ®ta[1on   ln[ervel.     The   .ourcea  vere  43  -ft'oq
tl`a  cloeee[   recclver  ®C.[1ofi.     "e  teeulElng
recorded   field  file.   plo[Ced,   u.1f\g  true  ae|)llCude,
clearly   el`ov  the  lncreaeed  aoplLtude  at`d   the
lt`c[ee.ed  .18nal-[o-nolee   [.[Lo  of   the  dovrihole
[1fle   a8   compared   Co   the   aurface   8ou[ce   (fig.I).
A  glaring  dlf cererLce   18   the   ab®ence  of  all-coupled
v&ve   on   Ch®   field   f lie  u®1ng   the  dotmhole  rifle.
Tl`e   frequeTicy  dLf ference   le   obvious   on  the  aaipll-
[ude   epecc.a   (fig.1).

Dounliole   .SO-caliber  Field   Flle8   and   S

The   downl`ole   .50-c811ber   rl€le   c.a  produce   a
Source  pul8e  vlth  a  doelnati[   ref lectlot`  ftequeficy
ln  exceee   of  loo  dz   (fl8.   2)  vhen  used  vlch  at.alog
lov-cut   f llcer®   th.C   have   a   -3   dB   polt`[   of   220   1]2
•ii`d   a   24   du/ocCAvc   roLlof i .      CLeAn   -Ln("a-phase
ref Lec[Loi`  vovelec8.   ea81ly   Ln   excees   of   ls0   llz.
can   b€   1d¢i`[lf Led   dovn   co   270   fa4ec   directly   of I   El`e
field   file   (fig.   3).     The   ®peccruni  of   [l`e   retleccor
AC   85   nisec   L8   alq]o8C   J   oc[aveg   acro68   wlcli   corner
frequencle§   o€   40   and   290   Hz;   (fig.    3).

The   downl`ole   .50-caltbet.   rlfle   haS   not   orily   tiecn
pcovcl`   Co   be   a   ugaful   el`allov   hlgli-regoLu[lo.i
ref leccLon-6eLgolc   ®ource,   1C   ®1Bo   poeeesse8   the
capablllcy   [o   peoe[race   ae   iiuch   ®8   L,LOO  a   of   8edl-
fliencary   vei`ecr   overlain   by   15   [o   30   a   of   tJea[hered
alluvl`m   (fig.   4).     Tlie   te€leccloi`   .c   720   m8ec   ori
Cl`e   £1eld   £Lle   ls   ^rbuckle  doloo)1[e   ac   a  depth   of
I.loo  in  ln  central   KaAsa8.     Thl8   elghc-8hoc   eEack
vas   recorded  vlth  30-Hz   low-cut   fllcer®  end   ten  40-
Hz   8eopl`ones.      The   don]LnarL[   frequency   o£   the
refleccloi`   el`etgy   la   ebou[   LOO   Hz.

^CKJIOwt.EOCHENTS

ruf`dlng   for   Chlg   t'eeearch   vac   provided   Ln   paTC   by
Naclonal   Sclef`ce   Founda[1oo  C[anc   h'o.   BAR-82187J5.
We   appreclace  Eecher  Prlce'e   ef forts   ln  oanu.crlpc
preparaElol`   8ad   H.rla   Adkln8-11elje8ot}'8   edlcorlal
8ugge§ C loi`s .

R84.I.:I«£Ncl¢S

MILlcr,1{.I).,      I'ilLIIiii,     ,i.I.:.,     W...l`lii.:r,     .I.S..      il|i`I

llaenl.    F.P.,1986,    Plel.d    camp;irlson   of    §l`dLlow
BelgmLc    eource8:       CeophysLcs,    V.    51.    p.    2067-
Z092 .

ulller,    R.I)..    and   Steeples,    D.W,1986,    Sl`allow
ecruc[iire    f [ore   a   .qeL6idLc   ref lec[Lon   prof lie
ncro®8     11`1`    llI)rul`    l't;..ik,      ltliiliu,     [...ulc    Hciirii:

Ceophy8lcal   Research   t.etcers,    v.13.    p.   95J-956.

Seeber,   H.D..    and   Sceepleg,    D.W.,1986,    Selgnlc
data   ob[alt`ed   vl[h   a   .SO-caliber   nachlne   cue   a8   a
high-reoolu[1on   oelsmlc   Source:     AAPG   bull.,   v.
70,    p.    970-976.

Steeples,    I).W..    and   Knapp,    R.W.,1982,    Refleccl.o.`s
froa   25   £eec   or   le88:      Paper   presented   at   1982
SEC   Convenclori   (Exp.    Ab8.),    SEC   progralo   volume,

p.    469-471.



Downhole   50-caliber   F3ifle
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FIG. 2.__TThis  Single-Shot  field  file  '+Jit'.ri  an  AGC  applied   illustrates  the  high  freg±±L=pLci€=
and  therefore  the  resolution   easily  obtaina3ie  I;..==h  a.do`mhole   .50-cal.
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Eight   Shot   Vertical   Stack

Downhole   50-caliber   Bifle

20  meters

as  deep  as  1100  meters.energy
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MATERIAL
SAFETY DATA

EMERGENCY PHONE  1-BOO-OLIN-911

SECTION  I  -IDENTIFICATION
CMEWIC^l N^NE . SYNONYMSIndustrial.Ammunition  8  Gauge        ( Small   Arms   Arrmmition)

CHENIC^l F^NllY FOFtNulA TF`^OE  N^lllE

Not applicable Mixture Not applicable
OESC.IprrloN C^S NO.

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
pF`Ec^uTIONs To eE TAKEN " N^NoiiNG AND STORAGE

Store  in  a  cool,  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.

PflotEctlvE EOulp.IENT VENTlu\TION  REOulf]ENENTS

Ey..                 Safety glasses or goggles Local mechanical exhaust
ci®v®.               N one necessary ventilation recommended during
oth.,                Hearing protection recom mended confined space discharge.

during disch&pge

SECTION  111  -HAZARDOUS  INGREDIENTS

BASIC MATE.l^L                                                           °=HL^                      LO cO                     LC sO                         SICWIFIC^NT EFFECTS

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

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
FLjrsN POINT          Not OSH^ Cl^SSIF'lc^TIONI,,- Fl.^WN^OIE  I      |oWEFl      I      tJPPER

XP|      'V - -wEtNOO               ADr)liaA h]e |'NITS
EXT"ouisH"c I.gbl^                              Deluge wit-h water,  material is self-oxidizing.   Flood  with  water

to  fip.ht  fil.e  find  to at]nl  .<halls.
SpEci^L FlnE  iiAZ^nD . FIRE FICHTiNC pRocEouflES

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

SECTION  V -HEALTH  HAZARD  DATA

THnESHoiD LIMIT VALUE

None  established. (Inorganic  recm. std.-air:   TWA  0.1S  mfr (Ph)m3  (Act,TH  19R4-F}5)
SYNPTONS OF OVER EXPOSURE

Eye irritation, fatigue, disturbance of sleep.
ENEFIGENCY  FIFtsT.^lo  Pf]OCEDURES

SKIN Contact of skin with shells presents no health hazard.

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

INGESTION
Ingestion of shells not a possible route of exposure.

Remove victim  to fresh air.
lNN^LATION -



SECTION vl -TO'XICOIOCY (Product)         (Sl,lall   Ams   Armu`iitj..t>n)

ACUTE  01)^1   lD 50 Not applicable c^ficiNOGENlcltt        Not  carclnogenic
wuT^cEwicm              May  be  mutagenic

^cuTE DEnw^i LD sO
I > 2  g/kg

Eye imlT^Tiow             May  be an  irritant
pi]iM^nv sK" imlT^TioN                      Not  an  irritant

Acute iHH^ur.ON Lc sO Not known

pf`iNclp^i f`ouTEs oF ^EisofifrioN
Inhalation, dermal

EFFECTs OF ^cuTE ExrosuRE
Fatigue, disturbance of sleep, eye irritation.

EFFEcts oF CHi`owic Exposu.E        Anemla,    Central nervous   system   aepresslon,   toxicity   to   kidneys,
reproductive system and fetus.

SECTION  Vll .  SPILL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^cTloN Fob N^TERi^i RELEASE oR Splu
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking utensils  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.
Label ''Small Arms.Ammunition''.   Wash au contaminated clothing before reuse.

in  the  event of a lnge spill use .the  emergency  telephone  number  shown  on  the  front  of  this
sheet.

TRANSPORTATION  EMERGENCY,  CONTACT CHEMTREC 600L424.93cO
w^sTE Disroeni iiE"OD

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

SECTION  VIll -SHIPPING  DATA
tt.a.T. cIAss                                              Class c  Explosive        OEN-D

sEerioN x - pHysicAL DATA

wEiTING roiNT              N/A VApon pnEssuRE                 N/A VOLATl lES                                       N / A

BOIilNc poinT              N/A SoluBILltt lN W^TEA          N/A Ev^roR^TioN RATE                    N /A

ispECIFICCF`^Vltt  (N,O.1)         N/A pN                                              N/A v^roF` DENSITY(^lr.1l              N/A

iNFof"ATioN Fuf`NISHEO BY:                C.  C.  Noonan
(203) 789-5436

1475

DATE         November  16,1985

D®partm®nt of Envlronm.ntal Hygl.n. and Toxlcology
(203t 789.5430

olin  cOFtpoF]ATION
120  Long  F`ldgo  F`oad. Stamlord, Connocllcul 06904

0CEAN®   N®twork
EMEnGENcy  PHONE  1-8OOLOLIN-91 1
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wia|chal infoty Data §h.o®t.     .
Mly ho `4.d to ch/ IM
OSH^.. tdyd corMlwhcdch. ~
2e CFf) 1.1o.1ae.  SI.ndud miiei t-
cor`.Li..d kr q.cub .equleiiiiiiiii.

u.S. Department ol L.bar
Occiip.lion.I S.I.ty .nd He.lth Admlnlltr.tlon
(Non-M.nd.(ory Fom I
Form Approwd

OMB No.1218cO72

.<»`

®®"TY t^- u..a on l-b.I .nd lJ.
All  Shoteh®11  Amunltlon

Nun",tw",rfu-ts#ELRE#ryndF=#ffi*h=
Sedkm I    ...snail  Ams  Aminltlon-
Lrfudur-.. Nm Em.oef`c`/ Tdptt]r`. N`Imb-     .

Reminqton  hms  Co.,  Inc. (Sol)  .   676-3161
^t]IIr... O^rnb.+ S\r..\ C\/. S". .nd ZV' Cod\} T.lophon. IIumber b. hbmitlon

I-40  a  tllghvay  15.       . (Sol)      374-2246

Lonck®,   Ark.ansae        72086               `    .    `                I.
00'® P'qued`      8-12-86    .

•0, Siqu-lur. o1 P..p.I- Qbpton.Q
W.G.   Bell,' Chen  Lab  -Technical  Section

S.ctloli I - tl.I.rdou. lngri.dl.ntiAdontlty hlomatlori

Item.. Ccfii=fiii=i cp.clAc ciiimlcll ltlenlqrf commori Nan.(ap        OSH^ PEL             ^cOIH TIV             f`.cmm.ridd           ` I

Lead.,   Inorganic  and  I.Cad  conpo`lnds I                     50mg/M

Ar8enl.c  and  conpo`inde
Antinony` and  ccmpound.
Bariun  and  coBqund8

®

®

®

®

®

®

®
®

®

®

®

500 ng„
5oo  ng"3.

tlltroglyerln  (0.05  rm  akin)   500 ulcrograms/M3  of  air

DOT  -  "Small  Amg  Aminltion"
Cla-ar  C  Explo.iv®

O"-D

S.ctlon «1 - Ptry.lc.I/Ch.mlc.I Cfroct.detlc.
edno in                           . s#gl#pltfie"

I.ot  applicable
V.par PunlJ.. (mm MO.I ng PodNot  applicable Not  appllcabl®
Vpr try pe - '1 ELgiviuniro„oTAmi.caL[eNot  ainllcable
sO#dhrTead  styphnate  -|nsoluble|  I,Cad Nitrate  -127  git`/100cc  Water  -loo.C

giv- Id Cky
Grayleh,  Gray,  Silvery  14at®rlal  i  No  odor

S.ctlon rv - FIT. .nd Explo.loo l1.I.rd D.I.
fu#OraEngpngaTbTe FL-1"Notapplicable un   NA un    NA

EdhoJqu u
Material  18  8elf  oxldlzlngi   flood  vlth  Water  to  fight  fire. and  cool  ehell..

Sp-I Fh Fgivg Proc.thin  .

un#efre#iETEt#e when exposed to flan. and high  temperature8.
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SedLeo V - n..cihtrty D.u-t, Urut" Cattrluotuto^"       rianeB,   sparks,  percussion  or  shock  and  hlgb  .

St4bo
X texperature8   (130®C)

lr.comD.llblllty W.lof./. lo A`Of^  .. Strong  thlneral  acldg  and  alkalle
I+uth.CceeL-T==|:=T5-5jir-uld Oxlde8  of  carbon,  nitrogen  and  lead  fi]peg.
LUL- W,, Cho QX~"ed      t]eat,  fire,  Static,.  fr|ctlon and PercugsIon.

WNI Nd Cho
X

S.ctlon VI - He.lth H.I.rd b.I.
Ftry.) el Entry                      th.letch?     Fwheg                       Sun?   cuts  or  abrasions  -tREEri?cl®s

wFn##`#igT¥eq
embryotoxln,  malnutrltlon,Weakness,  mental  confusion, allor  -

treat  per  general  lead  expog`irei.  headache  and  nausea

crREat#in.              "p7                                       l^Ac w-.7                       ostt^ A®oLld.d7  Lead.  yes

Sined9i4Tv-dExm-`      Refer  to  health.hazard  above.          `

- Cendth
aiiii=ffi; ^qqruted try Ear- Castrointestinal  tractj kidneys,.  blood  and  central  rier`rou.

Bystem.          (CNS )
Eijiiijj6iiqF .nd F)d Ale ftiffim Skin  -  flugh  `tith  vater|   if  8valloved  seek  medical  attention

inedlately.
S.ctlon Vll - Poec.utlon. lor Sf]l. H.ndllng end u®®
SI.a. b e. Tofco h c... W.I1.I b Bele._.ed or spilH                                                                                                             +

Use  non-sparking  equipment  to  cleanup  and  store  shells  -avoid  i.gnj.I:ion  sources.

rratH1¥Lj2±__tryne_a_ per _:appr_opriate  £_edera_I.t_  State  and  |pcal _reg_ulator¥ii±pgi[==
corltact

hc.dan. O e. T.h.n 1` 11.ndno .I.I Storhg

Refer  to  rel®aeod  or  8pllled  data: above.
ah, P-dr

Label  containers  -  "Small  Amg  Armunltlon"  near  gloves  and  ghrapr.el  protection.

S.ctlon VIII - Control lJ...ur`..
pddtry m~ /"l lrm/            Osm   sA/Hti/scm

ah.. Put.cth~ Clolhino tr Eq¢ii;;Tiiii: tJee  hee.ring  protection  when  discharging  cart.rldgee.

v,a,a: ,-.,, I.,„' ,,,,,
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MAmIALsAFELyn4TAsHlm

SMAILAmasAMhrmunoN
on±REm&rmoLAMMBrmnN

kedalCartrifeCoqny
anELENe

Analha. hfuescta 55303

IRIimch\ds  6EL3z3£3OO
PRODUCT SRVICE:  612i}23+3706

EunGENcy HONE NOMEm. 800-424+rm (-
m]e mte: January 4, 1999

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

sErmoNfl-mongerIDEnmcAnoN:
moDucT EARLYthteffirelfrollicCanddgeInctndingTheFulfowing-

. 222                 a .30-30 Winchester .3cO Sange.32WTirdester qu.338Wirdesterftyun.35n8rmMha.45-70Gov-eat.280Rerigton7-30Wds

.22-250                n .32 Autondc

.223 Remingtln .32 S&W I.ong

6rm .32 Ere Lfaun
.243 Winchester .3sO Autonratic

•257 R- +P .38 specal
.25di kemington .357 htryum
.270 Winchester 9rm huger Auto
7rm Remington Lfagnun 9mm RE Or-822) 7.62X39 soviet.303mtich
7mm Muser 9rm Fedeal
.300 Winchester hgivum .41 Ech hfoun .375 HRE ftyrm
.308 WmchestEr .44 S&W Sperfu .3oO ERE Manun
.3ous fyrfugfidd .44 Eta ftyun .458 wincheste= Lfaum
.sO ± Cafoine .45 Automatic •416 RI8by
.25 Autonrfe .45 colt .470 Nfro tryress
lorn Autgndc 9mm Subsonic .38 spedial +p+
.cO S8£IV 6.5rs5 Swedish 7Za64

5.56 hited Range 9mm mted Range .38 Speed +P
356mw .270 wfaflrdy hfagrun .3oo Weathed]y Mfu
7- wfaflchy Mgiv .3Srl SI!G •38 fry
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SECTION # - cHEhdcAL coMrouNDs:

cHEnmcAL coMrouNDS

CAS NUREER
TWA UNLuss OIHERWISE NOIED

OSRA PEL ACGH Thv
Bullet - rd orhiCore 7439-92-1 •05 mg/m3 .05 mg/rf

Cqpper Jacket 7440-50-8 1 mg/mS             Fume: 1 mg/rf         Fbe:
• 1 mg/rf .2 mg,in,

zinc  (As zinc onde) 7440es 10 ng/m' (5 mg/m3 10 mg/m3
1314-13-2 as reapirable dust)Fume:5mg/rf Fume:   5 mg/m3

Tin 7440-315 • 1 mg,m3 2 mg,m3

Nyclad Chathg Not Ethrmed Not Erfuffled Nct REiiched
Catridge Case -Brass,(AsZinc&Copper)(SeeAbove)

Nickel Phted Brass(AsNickel) 744ounro 1 mg/m3 1 mg/m3

Hopelhat -Nitrocenulose 9004-700 Not Erfuushed Not REhshed

Nitnglyceine 55-6sO 2 mg/rf   Ceihig 0.46 mg/m3   (Skin)

Gxphite 778242-5 15 mg/m3 (5 mg/m3asreapiral]ledust) 2."alTrp

Pfuer - haStyphnate(As rd) 12403-824 •05 mg,m3 •05 mg,m3

Binum Nihate (AsEwhum) 7440-39-3 •5 mg,m3 •5 mg,m3

Aminony Sulfide (AsAninony) 7440-360 •5 mg,m3 .5 rlyrrl

Aluinun 7429-90-5 15 mg/m3 (5 mg/m3asrapirabledust) 10 mg,m3
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EFINrn       oF ACRON"S
OSHA PEL:      Occupational safety and Health Administration's pemisstble Exposure linit.

ACGH Thv:    Amchcan conference of Governmental ndustrial Hygienists' Threshold
Linrit Values.

TWA:                Tine weighted Average.

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

CEHENG:          The concentrafon which is not to be exceeded at any time during a workday.

GAS :                   Chendcal Abstracts service number.

sEclroN rs - myslcAL DATA

Eoifro8 point:
Malting Point:
Vapr P"ue:
REty:
Solubirty Ovater):
Evaporation Eke:
Percent Volaffles:
Vapor rmty (Air = 1):

Appearmce:

Ouor:
our Threshold:

Not Apprcable
Not Applicable
Not Applicable
3.1 -8.0 grams/cc
None
Not Amucable
Not Amticable
Not Appncable

Brass or nickel plated brass case with plastic,  lead,  oqpper jadse¢ed
had or nylon clad lead bullet.

None
None

sECTroN #4 - FinE FIGHTING & ErmosroN DATA:

Fth Point ® :
Auto Ignition Temperature ® :
Upper Explosive Iinits @ercent):
IJDwer Explosive Ihits Q'ercent) :

Fire & Explchon ±:

Etinguishing Media:

Not Apprcable
Not Applicable
Not Apprcable
Not Applichle

May ignite if heated to 250 degrees F, indq}endent of air.
Uhconfined  ichited  caridges  can  produce  low  velocity.
metallic frnglnents which may cause eye injuy or sixpefficial
sldn wounds if unprotected by  standard fire+fighter amout
gear.

Water
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Special Fire Fighting nstnictions:       Wear fin frelfighter peteedve gear irdnding face read or -.. :*i±::t¥6,i,*r
SCBA.  Use wide fog pattrm nozde to stag any tow vdotity
fragrmts.   Use vrater to cool ndinary cond]ustides below
ignifron temperate.

sEclroN #A - Expos(mE & EFREcls - INHALATION

RI}uTE OF ExpOsuRE & EFRECTs - INHAIATroN

Acute:               Inhalation of gases and partic`ilates produced while firing ammunition may result in
mind throat, eye, `mer reapintory and lung iritafion.  The iritant effects may had
to lung symptoms such as bronchitis.  An over exposLire to gases or partioulates may
also  cause:  anemia;  nervous  aystem  symptoms  which  may  include  iritabhity,
headache, restlessness, fatigue, muscle wealmess, muscle trmor, convuhious, loss
of memory,  visual and hearing distrfoances,  loss of coordination;  gastrointestinal
effects such as voznithg, colic, diachca or constipation; cimlatory ayn}ptom8 such
as a dray in blood pressure; rquduchve effects including fndlity problems, birth
defeats, miscaninges and possible kidney damage.

Chronic: Prolonged  lapeated  over  exposure  to  fired  cartridge  gases  and  particulates  may
result  in  elevated  blood  lead  levds  and  elevated  zinc  protopoptryrin  levds.
Symptoms of chrmic ovelaposure to lcad may include: anemia; led lines on the
gums;   nervous   system   symptoms   which   may   include   irritabinty,   headache,
restlessness, fatigue, muscle wcalmess (1.e. wrist drag), muscle tenor, convulfrons,
loss   of   memory,    visual   and    hearfug    disairbances,    loss    of   coordination;
gastrointestinal effects such as wright loss, vomiting, cdic, diana, constipation;
circulatory  symptoms  such  as  a  drpp  in  blood  pressure;   reproductive  effects
including futlity problenis, birth defeats, miscarriages and possible kidney damage.

If acute or chronic Symptoms should appear, contact a physician.   Blood lead and
zinc pro€apophqm levcts are recommended and should be monitored as per OSIIA
1910.1025.

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

SECTION #58 - ElmsuRE & EFRECTs - SKIN

ROuTEs OF ExrosuRE & EFREcls - SKIN

Acute:              Eemental and inonganic lead compounds are not atsotbed through the din.  Cfroin
organie lead compounds, however, can be al>sorbed through the skin.

Chronic: Eemental and inonganic lead compounds ae not absofoed through the skin.  Certain
nganic lead compounds, however, can be al]sorbed through the skin.

First Aid:         Wash exposed aeas thoroughly with soap and water.

4
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SEcmoN #5c - ErmstmE & EREcrs - E¥Es

RI>uTEs OF Fmst7RE & EFECTs - EyEs

Acute:              Contact with large volumes of smoke may cause niinor eye iritalin.

Chronic:           None laported

First Aid:        Remove peson to fich air.  Ifforign body is suxpected, vech eyes in fesh irater
for 15 minutes, contact physieian.

sEclroN #sO - EmsuRE & EFFEcls - INGusTION

ROuRE OF ExrosuRE & ERECTs - INGEslEN'

Acute:              Acute ingestio[i of lead may oocur from poor personal hySene associated with the
handling of lead bearing matedals.  'Ihe effects of lcad ingestion would be rimi]ar to
those listed under acute inhalation in addition to gasfrointestiml indtafron.

Chronic: Chronic ingestion of led may occur from poor personal hySene associated with the
handling of lead bearing matedals.  The cifects of lead ingestion would be sinilar to
those listed under chronic inhalation.

Note:  Wash hands thoroughly with soap and unter before eating or smcking.

First Aid:         Ingestion is not a ]ilaly route of expesue.  In case of ingestion, contact physician.

sEclDON #5E - E]rost]RE & EFREcrs - cARclNOuERErs DATA

N.T.P.             No

I.A.R. C. :         ChoLp 2B, possibly carcinogenic in humans.

OSRA :             No

SEcmoN #5F - ErmsuRE & mTECIS - ConnmTTs

I.Cad and barium are toric metals, which may be released during the firing of modem ammunition.
Care should be taken in the cleaning of range farilifes to minimize the aposure potendal to had
and barium.  Persons engaged in these aedvities should wear protective clothing with an apprapriate
xpintor.  Range qperators should consul OSHA 1910.1025 for details pertaining to the handling
of lead in the work environment.

Severe  lead  intoricafron  has  been associated  in  the past  with  stedlity,  alborion,  and  stillbirth.
Modern infomafion confining that.lead poisoning affects birth rates or causes injury to the furs
in man is not conclusive.
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SEC`IroN #5G - AGGRAVATloN oF REFusTING REAlim cormmoNs

AGonvATroN TO mE-FRETING REAI;H cOINDITIONs

Exposure to lead can aggravate prcexisthg anelnia,  cardiovascular and lxpiratory diseases and
conditions related to the gasfrointesthal, rquductive, renal qidney) , and central nervous systems.

Reference:      hdustial Toxicology, Safctv and Health Applications in the workplace:
Wimamsre.

SECTION # -REACTTvrr¥ &        ¥b4EREATION

Stal,ifty:

Conditions to Avoid:

Incompalble hfatds :

±dous fromposition
hfaterials:

PolymCirization:

Stable under nomal use condifous

individual  carhidges  may  ignite  if the primer  is  struck or  if the
cartidge is exposed to excess heat

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

Oxides   of  Barium,   Ifad,   Antimony,   Aluminum,   hfognesium,
Nitrogen,  Cafoon, and Sulfur.   I.Cad and Andmony fume may also
be produced.

Win not cecur

sECT]oN w - spnls, uIAKs & DrsrosAL IROcEDUREs

sTEps ro BE TAKEN - SPHI.s:

Avoid conditions detailed in Section #.  If container should ruptLire, place an lcose cartridges from
broken shipping cases into a sturdy container.  Secue container carefully.

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



a
®

®
®
®

®
®
®
®
®
®

®
®
®
®

®

®
®
®
®
®

®

0.
®.

J
®

Mf]Y  26'9915:49  FR  FEDERfiL-SfiFETY  DEFT     612   323  2445  TO  917858645317             P.g]7

SECTloN # - smcIAL moTEclrvE EQulpMENT

Ventilation:                   Use  in  a  wed-ventilated  area.     Consult  the  current  addition  of ACGnl
Industrial Ventilation hdrnual and/or NRA ventilation recommendations.

notoctive Equipment:

Eyes:                             Recommend protective eyewcar conforming to ANSI Z-87

Gloves :                           Not generally required

Reapirators:                   Use an approved reapirator while cleaning range facilities.   Consult OSIIA
1910.1025 for exact requirements.

ifearing protection:     Hearing protechon recommended while discharSng cartidges

SECHON „ - spEclAL RECAUTIONs - sroRAGE & IIANDIING

Store in a dry, cool area in the original container to assure perfomance.   Keep out of the reach of
children.   Avoid striking the primer of unchanbered cartridges.  Remove ammunition from service
if any of the following conditions have cocurred :

Prolonged storage at or above 200 degrees F
Evidence Of corrosion
Physical damage
Exposure to off or apray type lubricants

Avoid prolonged storage in leather canddge carriers.  Cartridges can ignie if heated to 250 degrees
F indqundent of air.

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

Although reasonable care has been taken in  the pxpantion of this dceument,  Federd Carddge
Company extends no warranties and malres no xpnesentation as to the accuracy or completeness of
the inforrmtion contained  herein  and  assumes  no  reaponsibhity regarding  the suitability  of this
information for the user`s intended purpose or the consequences of its use.   Each individual should
make a detemination as to the suitabhity of the information for their pardeular purpose.

**   TC]Tf]L   PfiBE.©87  **
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This thtcrial Safety Data Sheet has been prepared in compliance mth Federal OSHA I]azard
Comlnunication Standard ]9 CFR L910.1200. AN.SI ZJ00.I-1993 and the ISO Satrty Dan Sheet
Standard  This prodrct may be considered to be a hazardous chemical under 29 CFR 1910.1200.  This
information is required (a be disclosed ror safety in the workplace.   77Ifr lurz)S is qpp4aca4Zf arty to the
prod..ct idendifEiEd hereizi azid orlly wher\ ILsed properly.

NOTE:  Flefcr to Scttion XVH for £& a/dtrortym

Product:                          Cartridges. Small Ams
Trade Name:             CENTERFIRE RIFLE, PISTOL & REVOLVER

LOADED ROUND
C^S  RcgivNOL:      NIA
GAS Nalilc;                     N/A                                                                                             HMIS Rating
Fotmula:                        N/A                                                                                    Health:                2
MolcctilaLrweight:        N/A                                                                                          F[a]pmal]ilrty:     0
G rade:                             NIA                                                                                     Rcactivi ty :           i

NOTh

This List includes, but is not lirited to, those hazardous lnatcriaJs which comprise
greater than 1®/® (0. I®/a if carcirLogenic) of the (otal component weight per 29 CFR
1910.1200.

A CenteTfire Rifle. Pistol and Re`'olver 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)ellant                 Nitraccllulose, Nitroglycerin. Dibutyl phthalate, Graphi(e
J.    PriDcr                       Copper. Zinc. Lead. Antimony. BariunL` Lead styphmte. Tetrazcne

Issued:  April, i995 Page I of 7
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C.\S or Chemical .Vane:
C.\S Registry Number:

LIST QF HAZARDOUS CHEMICALS
( In AJphabetical Order)

A=1T"ONY
7J"36ro

Elposure Standards:
PEL (OSHA) ....................... TWA 0.5 mg/mJ
Thv (ACGnD .................... 1WA 0.5 mg/m]

__====   I-=====__-__==_           ---i ------- ====--             =-==        ------- I--i --....--.---- I-==== .....

GAS or Ct]eDical Name:
CAS kegistry Number.
Elposure Standards:

PEL (osrIA) .............
TLv (ACGnD ..........

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

PEL (OSHA) .............

TLV (ACGxp ..........

CAS or Chemical Name:
GAS Reststry Nutnber:

BAE"
74JO-39-3

rvA 0.5 mg/in.
rvA 0.5 mg/m]

COPPER
7440-50-8

....... TWA (fume) 0. I mg/m'

•......#i(d#e)#.!,mlJom¥ml
TWA (dust nest) I.0 mg/nJ

D IB UTYL PHTHAIATE
8+-74-2

Exposorc Standards:

-..-- E-i:(?:£Tfiti-..:-:i:-:::;.:.:.:.:.:.:.:.::-¥i-.:-g.!::                                                          __ .........--.-- _

CAS or chemical Nanc:            GRAPHITE
GAS Registry Number:              74J044io
Exposure Slandard!:

PEL (OSRA) ......
8#tig:i:##orm±°tiT±T#£°Tm£PCD°DusitiyLfi.;:3¥m]

ReapiTable Fraction: 5 mg/m])
TWA Total Dust:  10 mg/n3; Rcspirable Fraction: 5 mg/m'

..._HY..(ACGH) ..................... TWA 2 mg/E3_(I?.Hirable drLst)

CAS or chemical Name:            LEAD
C.is Registry Number:               7+3 9-92-I
Exposure Standards:

#t((?scEb.::::::::::::::::::::#!8-:::#:-                          ~               BE15Ow inj!.I.gqu_..I.i?{g.crcatininc in urine          ..

Trade Name:                                  LEAD STYPHNATE
CAS or chemical Nanc:            LEAJ} TRINITRORESORCINATE
C.rs Registry Number:                63918-97-8

None established.Exposures(andards:                                             ~           .        .

Issued:  April.  199S Page 2 of 7
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Remington ^rres

REHINGTON   ARMS

Material Soy;etv Data Shieet

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

.NICKEL
7JJOJ)2J)

E=posuft Standards:
PEL (OSHA) ....................... TWA Soluble Compounds:  0. i  mg/m'

TLV(ACGnD...............#£[[To:°iu3':,Conpoundsl.omgrm]
(PToposed: TWA 0.05 mfym] ; hurmn carcinogen)

.--I-:  ....    = -----.    __I______I________ .....-------------------- T=    -                         -I ----.    _______     ____          __i-_

Trade Nanc:
GAS or Chemical Nalne:
CALS Regivry Number:
Exposure Standards:

NITROCELLUI,OSE
CELLUL Os E TETRANrrRATE
9004~700
None Established

CAS or Chemical Name:
CAS R€givry Number:

NrmoGLTCEEN
55630

Exposure Standardg:
PEL (OSHA) ......,................ Transitional: TWA CL 0.2 ppm (stir)

SThL 0. I mg/m] (skin)
"V (ACGBI) .................... TWA 0.05 ppm (skin)

CAS or Chemical Name:
CAS Registry Number:
Exposu rc Standards:

TETFLAZENE
109-27-3
None established.

CAS or Chemical Name:
GAS Registry Number:
Elposure Standards:

ZINC
74JO€6{
None established.

EmergcDcy overview:                  Accidental fire or explosion may cause sc`/ere injury or death

Potential Human E[ealth Effects:
Skin Contact:

E!.e Contact:

Inhalation:

Ingestion/Absorption:

May cause allergic reaction (sensitization) in susccptfole individuals.

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

Inhalation of lead drLst or fumes may cause irritation to nose. throat.
upper respiratory tract and lungs.  Irritation "y lead to broDchitis`
hcadeche, lowering of blood pressure and wcakncss.

Ingestion may cause seveTc headache, rmisea. vomiting, abdolninal
pairL fatigue, diaLrThca. trembling. ringing in ear and salivation.

Carcinogcnicit}. hformation:      This product is not classified a carcinogen by tARC. OSHA, NIT or
EPA.  Lead is classified a carcinogen by IARC.

Issued:   April, 1995 Page 3 of 7
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Bemirlgton Arcs

REHINGTON   ARMS

Mcilerial Softy Data Sheet

JV.  FIRST AD RfEAstFRES

Skin Coatact:

Eye Contact:

hhalatiofl:

Wash affected area thoToughJ}-with soap and w.ater.   Rciiiove contaiin(cd
clothing.   Wash clothing thoroughly prior to reuse.   Discard any contamimted
lcathcr items (i.e. shoes` ctc.).

If wearing contacts. inmcdiatcly remove contact lenses.  Hold eyelids apart and
flush eyes thoroughly with irater for at least 15 minutes.  Obtain medical
attentio n irmcdiately.

Imncdiately rcmovc to fresh air.   Administer altificial respiration. if necessary.
If breathing is diffictilt. adlninister o.vygen.  Obtain medical attention
i-ediately.

Ingcstiod/Al)sorptioi]:      If conscious, drink laLrgc amounts ofwatcr.  hduce vomiting.  Imedia(cly
contact a physician or Poison Control Center.  JYevcr induce vomiting or give
an]rthing by mouth to an unconscious person.

manmabte properties:           Refer to f"/S fzating.  May ignite if hea(ed to 250°F.  Will ignite when
exposed to flame and high tcmperaturcs.  Be cautious of shrapnel.

Endnguishing Media:               Flood  fire with water (a fight fire and ccol shells.  If no water is avajlablc,
use carbon dioxide, dry chemical or ear(h.

Fire-Fighting hstructiods:     Evacuate area imfnedia(ely.  Deluge area with water.  Wear full fire-
fighting protective gear including face shield or SCBA to protect from
shrapnel.

Safeguards:

Spilt Cleanup:

Accidental Re]case:

Remove from all sources of ignition.

Use noniparking equipment to clean up apill.  If disposal is necessary. .refer
to .xlli. DISposAL coNslDERInoNs .

See above.

Personnel ElandLing:

Stora8e=

ElandJe with care.  Do no( strike or cnish the rounds.

Store in original containers in a cool, dry. well-ventilated area away from all
sources of ignition,  Do not subjec( to mechanical shcek.  Keep out of reach
of children.  This product mjt not be stored with acids. strong oridizers or
caustics.

Issued:  April,199S Page 4 or 7
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Remirlgton Arms                                                                            Maleria] Sofrty Dap Sheet

.. yzn §RERsONAI; pH¢rECHa

EngiDeeril]g controls:                      N/A

PcrsoDaJ Protecti`.e Equipment:   .  Safety glasses recommended when handling or firing rounds.
•  Hearing pro(ection reeommended when firing rounds.
•  Use of NIOSH/MSHA-approved respirator lcquired when e]qused

to fumes and/or dust in an enclosed or poorly-ventilated area.

Exposure Guidelines:

Elposurc Limits:

•  Keep product away from sources of accidental ignition

•  Exposure limits listed with cash hazardous chemical.

pErvslcAL DATA
Al)pearancc: PTojectile: eylindrical: graprish. silvery color

Case:  eyhidrical; t]ronze color

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

Solid
Valable
None
N/A
N/A
N/A

Evaporation RIte:
Melting Point:
Solubility in Water:
pH:

Chemical stabilfty:           Stable under normal use conditions.  Will no( react with water.

Other Hazards:
Incompatibility:         Incompatible with acids, strong oxidizers and caustics.
Polymcrizatioli:          Will no( occLir.

CoDditious to Avoid:         Flames, sparks, percussiolL. shock. static, high tcmperaturcs (266°F or l30°C)

Oral LD 50:                     No available data.
Dcrmal LD 50:                No available data.
Inhalation LC 50:          No available data.
Irritation:                         No( a skin or e}.c irritant.

Aquatic-Toricity:
Lead Q-C 50) to Bluegill:   2-5 mgA
Barium to Stickleback:  J00 mg/1
Bariurn Nitrate to S(ickleback:   760 mg/I

Edvironmcntal Impact:

When used and disposed of properl}.. there is no known environmental impact.

Issued:  April, 199S Page S of 7
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Regivngtori Arms

REHINGTON   ARMS

M___plcSPLSofetyDaaashect

Ths product is considend a chancteristic hazardous waste per JO CFR 261.24/or dltry§a/pxpo§es
on/y.  Dispose Of as required dy local, state and federal laws and regulations.

EPA Hazardous Waste Code:  D008 (lead)

SmpING INFORMAHON
Proper Shipping Nanc:
Hazard aas.:
tJN"A No=
Packilig Group:
Shipping Lal]el:
Spceial hfoTDatioD:

chid8cs, sdun iha
OHM-D
N/A
N/A
None required.
May be rcclassified iDtemationally as:

ELzard class:         I.4S
UN/NA No.:           UN0012
Packing Group:      11
Shipping I.abel:     I.4S hbel

u.s. FEDERAL REGulAnoNs
rscA hvcntory Status:  Included on list.

ELAZARI] clAssmcATION
Chronic HcaJth:
Acute Health:
Fire Hazard:
Pressure Hanrd:
Reactivity Hazard:

Headache, musea, wealcness
Ancnria, elhoryotoxi n.
0 froI HMIS Rating)
Sudden relcasc of pressure.
\ del HMIS Rating)

NFI'A RItitig:    Not established.

NPCA-HMIS FLatings:
Health :                 2
Flanmability:     0
Reactivity :            I

References:
Code Of Federal Regulations, .+lonlhl.v Summary. CFR. \9\0.\ZcO(g) and AlppendirE a.).

Regulations Management Corporation. Bloomington. Indiana, July I.1994.

Flazardous Chemical Desk Royerence :   Third Edition , E\ic:hard I. Lewis` St.` Van N®sllailrd Rfinhi,ald.
copyright  i993.

American +alional Standards [nslilu[e. Z.+00.\-\99`.

In[ernalional Slandards Organi=alion Saifety Data Sheet Slandard.

Issued:   April, i99s Page 6 or 7
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ACGH           American conference of Goverrmental lnd`istrial [fygichists
Am WEEL American unusthal rfyaenists Association-Workplace Envirormcntal Exposure Level
ANSI               American National standard Institute
BEI.                 Biological Exposure hdcxes
GAS                  Chemical Abstract service
CFR                 Code of Federal Rcgulatious
CL                    Ceiling Linits (not to be exceeded)
DSL                 Donrfuc substances List
IPA                 Environmental protection Ageney
"S             Ihzardous hthtcrials Identification system
IARC              htemational Ageney for Research on cancer
IATA               International Air Transport Association
ICAO              hternational civil Aviation organization
IS O                  International standards organization
hITrl              Mnistry of htertrational Trade and lnchistry (Japan)
MSHA            Mne safety and Health Appliance
NFPA              Nalonal Fire protection Association
NIOSH           National Insrfute for occupational safety and llealth
NTA                National Transportation Agency (Canada)
NIT                 National Toxicology program
OSHA             Occupational safety and Hcalth Administration
O RM              Other Regulated Mterials
I.EL                 Pemissible ExposuTC Limit {OSIIA)
S CBA              Selfeontained B reathing Apparatus
S`rEL               Short-Term Exposure Linit
TLV                Threshold Lirit values (ACGHD
TSCA               Tonic sLfostances control Act
TWA               Time weighied Average
UN/NA            United Nations/North American odentification number)

For additional information, please contact:

Retringtoti Ams Company, ha
Consiimer hfomatioti
WillningroD, DE l980S

(800) 243-9700

The infomation contained in this .Waterfa/ Sdylety Ocrra Shoe/ is provided to all individuals who arc or will be
exposed to this product through use, handling, storage or transport.  Rchng(on believes, yet makes no uErranty. that
au  infomndon contained in this document is currmt as of the date Of publication.

Issued:   April.  1995 Page 7 of 7
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aENEFtAL MOTOF[s cOFipoF`ATioN
MATERIAL SAFETY. DATA SHEET

SECTION 11 - lNGflEDIENTS
(ll,t ®'1 lng,®dl®nts)

C^S  B€ClsTBY  NO. NW hv ¢HENen N"€(Sl

-_L„:"ffl'diis:A,€#pr

7664939 37 Sulfurlc   ^¢1d NA_

77)218S &1 .     W@tar N^

74222il 90 -.
W^

S¢par6tot.I --
D4r,mt¢

_         __--

--       --++,--_

¢aSo   and   foveri      Po.1_¥pro'I}v[et`e   (Pla£[lr.`

SECTION Ill - PHYSICAL DATA
•-.. -.I....

Av a&a   i-2Bo   i   .ol

¥,AEpiEsSu.l€  drn||-3fl a otl XRC£NT V-OLE^tlq-.Y VOLUM€ ("
t)A M?-gH¥Ti£9uo€v

VAPOR  OINSITY  {AIR .I) hA fvAPOA^TION RATt I  -        .I)
\.

soci'all..r"NMT'sACT}gie      -       I P„                                       __  { Ilo
A'Ja€cA{fhs€u|"[Pte°q!qutd  (acid_ ¢ontent}                                            _   I 'SMffi'|       uaufu#_

SECTION IV - FIRE AND EXPLOsloN HAZAF[D DATA



SECTioN vl,REActrviTy DATA

i-_::tt
uNST^jfi I Cgiv5TiJFiJNS TO ^VOIO      -

S7Ael[
X I__       ___-`NcoWPATIBILITY lm.I.{l..I. t®-.'-O-`d'  jxtdi2 ing   or    reduclnR   materials

HAZ^Aoou   oECoMrosmowReou_¢TS:  then  hea[edL   eAn   eul[  hfchlv   taxlc   fun.g.

HAZAnoous            I   klAYO¢Cufl ¢oHDiTiaN§  To ^volo ---_-

mi yutpi2,mow  I w.iL waf_ oc¢un
XX
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AN§LJL®     ###,#sT4T#9¥.¥54=

E-KAN rao|

MATEfllAL SAFETY  DATA  SHEET

FOBAY
OUIcl<  loENTIFIEf`  (ln  Plan` Comrriori  Name)

#aanmuel:actui.I..    ANSUL FIRE moTECT'°N                                                                     #:#9No.:     FBEE)M4||;goo
^ddrosE:                One  stanton  §lreel.  Marinatte,  W15414a-2542                                               C)iher lnlormalron  p15)  735-7411Calll:

pr®o8/co ay:        §alely and  Health  Department                                                                                  Date p.oparod:      April  22,1994

SECTION  1  -  lDENTITY
CT°ramdT°#a#aem@aja{u5##as}¢n        FOPAY  Dry  chemical  EX[lnguishlng  Agent                    CAS No.:          N/A

chemical                   N/A This  is  a  Mixture                                                                                                   Chemiral          Mixture
N ame:                                                                                                                                                                                                      Fa mily:

Fo/in u la:                     N/A

SECTION  2 - lNGFIEDIENTS
PART A  -HAZAf]Doll§  INGI]EDIENTS

Principal  Ha2ardaiJa  Campon.nl(S)  (Cl`emicaJ  and  common  riame(g)): Wl.% CAS  No.                     ^CGIH  TLV              At;ulo Tolici`y  Daia

Magnesium Aluminum  Silicate  (Attapulgite  Clay) 5.7 8031.18-3             10  ing/M3            N DA

PAFIT  B -  OTTIER  INGREDIENTS

OLti®r  Companam(i)  (chemical  and  calTLmor`  name(S)): VW.% CAS  Ng, A¢u`e  To*i¢;ty  Dai8

Proprietary  Mixtures  ot: 65rd2 7722-76.1 Oral  (flat)  LD50
Monoammonium  Phcephate 5750  mg/kg

Ammonium  Sulfate 1 2-22 77a3-2o-2 Oral  (Rat)  LD5o
8000  mg/kg

Calcium  Carbanate <2 1317-65.8             10  ing/Ma            N DA

Mqthyl  Hydrogen  Poly§ilouane <1 6314ds7-2 NDA

Yellow  Pigment <.05 5468-75-7 NDA

SECTION  3  -  PHYSICAL ANt]  CHEMICAL  CHAF)ACTEF]IST[CS  (Flre  and  Explos[on  l]ata)

#ix&g
N/A

§Pm°fi'#C(H2o.1):        N/A                   YmaE°rH;)r:OG6u'e      N/A

pBiconl  volalil®byVolumB(OA): N/A V.par  DonEiLy                   N/A(Air-1)!
Fvapo.ra:i):n  Plato          N/A

#REl®ny`. Slight aej}act,i:vlly ln                   u n react jvB

#£aoagE.nttT Yellow colored  powder,  no charactoriEtic odor

Flash  Poini: None Flamit`able  Limiu]          N/A i x[i ng lil]har                       N /A                       All LCLlo n i Lion              N /A
ln  Air  %  by Volume: M odi a:                                                                   TemperEL!uro:

;FgehflL]'9Pl#asdvres:    N ONE
-  THIS  IS AN  EXTINGUISHING  AGENT

Unu3u8l  Fire  andExplosionHazaros: Norlo

SECTION  4  -  PHY§lcAL  HAZAFIDS
Condi`ious     N/A

Siable    E                                     io Avold:
Stability:                             urafat)le    I

:#Eg:.#!b`'t!'Zvo,a):            Strong  alkalis.  Mg,  oxidizors thal can  release  chlorine per  NFPA 43A

!iEziFfous   -NH.3 and/or pox may ba evolved
Decompo6ilion Pradude:

#o¥#::.:idem             wlMNaoyi #::  E               g'#i#S   N/A
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SECTION 5 - HEALTH  HAZAf]DS

E-EN E02

FORAY (Continued}

§ECTioN 6 - EMEF]GENcy  AND  Fm§T  AiD  pF]OcEDUF`Es
Eye Coni®¢!;                     Flush with  large  amounts  ot water;  if  irritation  persists,  seek  MBdical  attention.

Skin Conlact:                     Wash  wilh  soap  and wBlel;  il  irritalion  pens:Sts,  Seek  Medical  atton[ion.

lnh®latian:                          Pamova victim  to  trash  air.  Seek  Medical  attention  il di6comfort continues.

IngoStlon!                           lf patient  i§  conscious,  give  large  arnoilnts of water uld  Induce vomillng.  Seek  Medlcal  help.

SECTION  7 - SPECIAL  PF)OTECTION  INFOFIMATION

(Rses#fty`oTry#Lecq.on     Dust mask whar.  duatines6  i€  prevalent.  or TLV 9xcaE)dad.  Mechanical filter respirator i/ exposure  i§|]rolonged.
Vanlilaljon:                        =#L[st    Dis¢re(ionary                                     (MGeBcnhe#if:al      Becammended

:|#i:!'e                      N/A                                                                 ;¥:,edto"      gxe¢peo§mure?ndad a5 mechanical barrier for prolonged

8}?,ah[npgr°o'reeELivuipmenr.    If  lrritalion  OCcurs,  long  Sleeve6  and  imperviolis  gloves  should  be  worn.

SECT ON  8  - SPECIAL PRECAUTIONS AND  Sl]lLL/LEAK PFlocEI)uRE§
P,,¢auinHart

?nn;£db:I:a#n:            Should  be §[ored in original container or An§ul  nre extinguisher.

gt`:8ulk]ns:                                   D0  not  mix agents.

Sleo9  laMatori.I be Takeli in case          Sweep  up.isbeleeedarSpilled:

#e##!Eposal                           Dispose ol in cclmpliance with  local. Slate, and fodoral regulations.

HAZARDOUS  MATEFllAL  IDENTIFICATION  SYSTEM  FIATINGS
HAIAFID INt)EX:
4   Sev®.a Hazard -i ,lEALTH
3   Serioui  Hazel2MoaerAteHazartl

+ FLAMVABiLrTT
1    §Ugn`  HazELrd i REACTIVITY
0   Win)ftql  riazSrd

N/A  a   Not Applicable              NDA  a   No  Data Available

^N£LJl fled FOF]^V ate .eeiaia.od  I.edamarlt=.

ANsu FiBE proTECTtoN. unNETTE. w 54i43i!s42          71 =735-74 ` 1 fonTI  NIL  i.BsaoB4        ®i994 Wo.melo u.S„  Im.            LJ`to lri  u.S^
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DEEF)E  a  COMPANY
John Deere Ftoad, Moline, lL el 266
1 -BOO-822-8262

Material Safety Data Sheet

JOIN DEERE  PRol)UcT  N"E:    Hr4.rcl I=-..ion ut H]rdr.ullc oil

mTA  SHEET  No:   85o3-4o,loo
IATEST  REVISION  DATE:   15   reb.   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|c"cpr I  - RcoucT IDrml]ICJIBIa]i -------------------------

CH"ICAI.  NAIE  AND  SYNONYMS:     I.ub[1catlng  Oil;   Hydraulic  Fluid;   J20C
CHmcAI,  FAMII.Y:     Hydrocarbon                                            FORMUIA:     Coxplex

--------------------------. =cflcut 11  - ftLz^nDarty.  "GRDIm&  -------------------------

INGREDIENT
Solvent  refined,
hydrotreated,  heavy
paraffinic distillate

Sol`rent  refined,
hydrotreated,  middle
distillate

Severely  hydrotreated
light naphthenic  distillate

Polymeric  additive  in  oil
(poly-methacrylate)

Additive  containing  =1nc
dialkyl  dithiophogphate

PERCENT TUNIPE:I

50-60                      5  ng/m3+

O-2S                        5  mg/m3*

a-25                    5  ng/n3*

10-15

5-6

None

None

V.P.               RE

64742547

64742467        /

64742536

None

Mixture
*for  oil  nist8
-----------------------------. |C"CW Ill  - m8ICAL DLEL -----------------------------

BOILING   POINT:      N.A.                                                                             SP.    GRAVITY    (WATER=1):       0.89
%  VOIATILE  VOI.UME:      N.Jl.                                                                E`thpoRATION  RATE:      N.A.
`thpoR  DENSITY:      N.A.                                                                      Sol.UBII.ITY  IN  WATER:      Insoluble
APPE7\F`ANCE/ODOR:     dark  amber/gllght  odor                N.A.   -  not  available

----------------------  sBCTlcm  nr  -  rlf`=  E  mli08Icw ttAzi\RD  nAZL ----------------...-.----

FIASH   POINT:      39oo   F     c.O.c.                                                 FIAiomBI.E  I.IMIT  -I,EI,:      N.A.
EXTINGUISHING  Rat)IA:     Water  fog,   foam,   dry  chemical,   c.rbon  dloxlde,   or  halogenated
agents .
SPECIAL  FIRE  rlGHTING  PROCEDURES:     Do  not  use  a  direct  Btream  of  water.     Product  will
float  and  can  be  relgnlted  on  Surface  of  water.    Cool  fire  exposed  containers .with
water.     Use  NIOSH  approved  Self-contained  breathing  apparatus.
UNUSUAL   FIRE   €   EXPLOSION   IIAZARDS:      None
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ca DEEFtE  &  COMPANY Material Safety Data Sheet

DATA  SIIEET   NO:      8503-40,loo
Page  2

---------------------------  8=cIlcny v -  IBA,L" mzAE`D n^=L ----------------------------

EXPOSURE  I,IMIT:     See  Section  11  -  Hazardous   Ingredients
EFFECTS  OF  OVEREXPOSURE:     Exposure  to  `rapor.  or  mlsts  of  this  product  ray  cause  rfuld
upper  respiratory  tract  lrrlt.tlon.    Prolonged  or  I.peated  contact  lrLay  cause  various
skin  disorders  such  as  dezmtiti.,  oil  acme,  or  folliculitis.    Eye  contact  i8  rinimally
irritating.    Effects  of  ingestion  are  expected  to  be  relatively  non-toxic.  Exposure  to
product  may  aggravate  preexi.ting  .kin  and  respiratory  conditions.

¥ELG##5a::R::i¥#th¥p-a::u::t:rri¥::e::aF::t::jec¥u:d:=X::°rin:rd:a:::
wait  for  Symptoms  to  develop  -  get  medical  atcentlon  promptly  to  prevent  serious
damage.     Inhalation  -  renove  victim  to  fre&h  liz  and  provide  oxygen  lf  breathing  is
difficult.     Inqestion  -  do  NOT  induce  voulting.    In  all  cases  seek medical  attention.

----------------------------  8=cBIow `B  - t`=^cmrIH t}^nL -----------------------------
STABII.ITY i      Stable
INCOMPATIBILITY:     Avoid  open  flame,   and  oxidizing  naterlals
HAZARDOUS   Pot,YDfiRIZATION:     Will  not   occur
DECOMPOSITION.  PRODUCTS:     Dependent  on  cozbbustion  conditions.     A  complex  ulxture  of
airborne  Solid,   liquid,   and  gag  will  evolve  when  thi.  material  undergoes  pyrolysis  or
combustion.     Oxlde8  of  carbon,   .ulfur,  phosphoroug,   and  other  unidentified  organic  com-
pounds  may  be  formed.
------------------------  8=C"ou vll  -  SPILL oR IBAX moc"m=  ------------------------

STEPS   TO  BE  TAKEN   IN  CASE  lflTERIAli   IS   REliEASED  OR  SPIIil.ED:   I)ike   and   coritain.   Use  vacuuri
or  an  absorbent  Such  as  clay  or  sand  to  pick  up.     Flush  area  with  water  to  remove  trace
residue.     NOTE:     This  product  i.  classified  al  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  racers  or  any  waLtercourse  or  Sewer  leading  to  surface  waters,
must  be  reported  to  the  National  Response  Center  COO-424-9802.
WASTE  I)ISPOSAI.  METHOD:   In  accord  with  federal,   staite,   and  local  regulations

-------------------  8Ecglow vlII  - momscgr`n lqulndERT -4^=Iow -------------------

VENTIIATION:     Local  exhaust  to  keep  TI.V/PEI,  below  acceptable  levels
RESPIRATOR:      NIOSH  approved  as   needed                         EYE  WEZ\R:      Recomended
GLOVES:     Recomended  to  nininize  &kln  contact    OTHER:

---------------------------  s=cttcm lx -  8zBcll`L m=cAmlcms  --------------------------

Minimize  skin  contact.     Wash  with  soap  and  Water  before  eating,   gmolcing,   or  using
toilet  facilities.     Launder  contazninated  clothing  before  reu.e.    Properly  dispose  of
contaminated  artlcle&  including  .hoe.  that  cannot  be  cleaned.     Store  in  a  cool,  dry
place  with  aclequate  ventll.tlon.     Keep  av&y  from  open  flames.     Keep  away  from  children.
-----------------------------  &ictlcny z - t]ARL pRipARABIcer ----------------------------

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

SIGNATURE:                                                                                                  DATE:      January  29,1998---------------------------------------------------------------------------------------
the  1nforbatlon  contain.d  h.I.1n  1.  b.11.I/.d  to  b.  .cc`ir.t..  Itot-v.I,  no iral:I.fity  1.  .I(pz...a.d  or  lxplled  ..g.rdlbg  th.
acc`Jrac|r of  th.a.  data  a.  the  I.suits  to b. obtain.a  ftob th. `i..  th.I.o(.    V.ndor  .a.`ln.a  no  I.eponslblllty for  ltL]ury
to  vond®.  o[  third  p.rsozL3  proxLlat.1y c.us.a  ty  th. -.torlil  lf `.I..sontol.  sot.ty proc.du[.a  are  rot  .dhored to  ae
aclp`.I.t.a  ln  th.  a.t.  ah..t.    F`irth.rror.,  v.nd..  ae.`ii]..  th. fLJk  ln `is.  ot th. -.I.rltl.
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MCIY    27'9918:18    FR    Cf]RTER    COMpf]NIES                  816    746    5544    TO     17858645317

CITG0 Petroleum Col|}omtion
P, 0. Box 3758

Tulsa, Okhhoma  74102

Material Safety I)ata Sheet
Tnd¢ Name:           CrrGO No, 2 Fu€[ Oils, AI[ Grades          Date:  September 26,1997

GAS No.:                 68476-30-2                                                        Commodity cede:       AG2FO

Synonyms:               Fuel oil, No. 2                                                  TrdmicEif contact                (918) 495.5933
Medical Emergency:            (918) 4954700

CITG0 lndcxNo.:  5388                                                                    CIEMTREC Emerg€TI€y:   {sOO) 424-9300

MATERIAL IIAZARD EVAIJtJAThoN
(Per OSHA Hazard Communication Standard B9 CFR 19 I 0.1200])

Health precaqtious:     DANGERS Hamful or fatal ifs`hqLIlowed; can enter the lungs and cause
damage.  Contains Petroletim Distillates.  ]f s`vello`ved. de not ind`Icc vomiting.
Call a physician immediately.  Keep oiit of r¢Bch of children.

Safety precautions:       Combustible Liquid.  Kieep army from heap f]afTLe and other potential ignition
sourcest

IIMIS R4tingt :                Health: i.                         Flammability:  2                            Rcactivit}/:  Q

1.0 GENERIc conmosrnoN / cOMpONENTs

P . © I /©7

C®npa.entg CAJS No, % FLamrd I)&tl
p€froieun I) istill8ies 68476-30J2 loo Oml LDso (ut):                g.0 mltg
(A complex mbmue of hydrocarbons, DemalLD{mbbit):        >5gm/kg
having a `rfecosity nnge of32.6 SUS D€rmal scusitization:      Nonscas.rd2ing
ro 37.9 SUS at 37.7® C {100T).) Skirl (rabbit):                      trTitant

Eye (rabbit):                      Mild irriunt
Teratogenesis (rat):          Negative

2.0  PHYSICAL DATA
PLrYSICAI. HAZARD CLASSIFICATION (Per 29 CFR 1910.1200)

Combustible Yes Flanmchle No lyophoric NO

Compressed Gee No Oquic Pcoxide No Eutvity NO

Explosive No Oxid.Lzcr No Stchle Yes

;..i `Hazard RAting:    ICB5to;    slight-l;    "ed¢nteL2;    high.3;    ¢xtrenc4.

cueorsigneduese`r]best]ascdquthevahatiqnceductednym"t.toNPC^givid¢ltryp..y¥qf€gp„rty
'.,,...,

ffiEEiET:,ny~¥=EL¥%¥:;,';`:.=`:--ri^ffij-.-
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MFIY     27'991©:19    FR    CF`RTER     COMPF`NIES

2.0  PHYSICAL DATA (continued)
Boiling Point. 760 mm Hg, oC (oF):
Specific Gravity (0 ®F) (H20 = 1 ):
Vapor Density (Air = I ):
% Volatiles by Volume:
Melting Point, oC {®F):
Vapor Pressure. Inn Hg {25 ®C):
Solubility in Water:
Evaporation Rate:(n-l]utyl acetate = I ):
pll of Undiluted Product:
Appearance and Odor.

Dyed:
Undyed:

816   746   5544   To    i78586453i7                  p.el2z87

160 -360 (320 -680)
0.84
>1

ND
-29 (-20)
2-26
Negligible
<]
NA

Red liquid, petroleum odor,
Water white to yellow tinted liquid, petroleuln odor.

3.o  FinE ANI} ExpLosloN DATA
Flash Pt]int, ac, ac (oF):
Flngh Point. CC. ®C (aD:

SFp°ign#?nngz:mperfure,®c(oF):
FI&mmabLe Limits Q/a by volume in air):
Eriingu ishing Media:
Special Fire Fighting Procedure:

UnLLsoa] Fire or Explosion Hazard:

4.0  REACTIVITY DATA
Stability:
CtoTiditions Contributing to lnstabi ]ity:
lncomprtibility:
Hazardous Decomposition Products:
(th€T"al, unless otherwise apedfied)
Hazardous PolyTn chzndon:

ND
52 -85 (125 -185)
254 - 285 (489 - 545)
Healtl]:  Q           Flamm&bility:  2              Rcaedvity:  9
I.over: Qi£       Upper  lQ
C02, dry chemical, foam, `A/ater fog
Wear selfLcontained breathing appaptus wlien in a
confined arcs.  StT`icfuml rirefighter's protective

#:P##tv:+I:an:ypp#¥ke##*n:£t#;MSDs
may release irritating fumes.

Stchle.
Heat, flare.
Chidizing ng€rits.
Carbon dioxide (C02), smoke, fumes, trydrceafoons,
carbon mol]owide (CO) and oxides of nifrogen.
Hazndous polynerizm.on is not expected to occur.

5.0  SPILL, LEAK AND DISPOSAL PROCEDURES
I]roedur€ if Material i3 S|]ille.A:
I     Remove sources of heat or ignition; provide ventilation: contain leak.
•     Small spills:   Absorb released material with Tion-combustible absorbent.  Place into containers for

later disposal.  (See Waste Disposal section below.)

]Hazard Rating:   . Icasto;  . alight.I:    mod¢raee-2;    higiv-3;  .. cxtrmc.4.

asBindtidewhd±CITcO bded ch th cfaltration' ctnddct¢d prfu8utfo NFp^ BLiideiihri.•ffTF?,2ffi+is71..qu:s38`8T...~TTET:`t:...¥E!2Tt-#?...:.'.`
crrtyjapi,.:.32.Fdel`oi.ril`^iiqu€#..(.A.qz!o,
VA_.ty.q,_.App!qu'E. ..`
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5.0  SpnL, LEAK AND DISPOSAL PROCHDtJRES (continued)
•     I.ange spills:   Evacuate erca in the cvcnt ofsignificant spills.  Adequately ventilate area and

deterTnine potential exposLire Conditions.  Exposure pot¢Iltial may require the use
r¢§pifutory protection.  Use protective clothing.  Contain spill in tonporary dikes to
avoid product migration and to assist in recovery.  Do not allow material to escape
into sewers, grouiid water, drainage ditches or surface waters.

•     Control ignition sources around spill area,  Use of a fire figh(ing foam t]lanket on spilled mat¢ria]
wi][ reduce vapor release and firs potential.

I     Administer first aid. as lieeded.
•     OSHA regulations may require establi5hiog a regulated area with site control.
•     Report spills as required to appropri8lc fedenl, sfatc and local authorfuies.

Wast¢Disposal:
•     lt is the responsibility ofthc user to detcmitte if the material is a hazardous waste at the time of

disposal.
•     TmnspoTfatioft, trewhenL storngc and disposal of waste haterial must be conducted in accordance

with RCRA regulations (See 40 CFR 260 through 40 CFR 27 I ).
I     State andfor [oca] regulations may b¢ more ten.ctive.
•     Contact the RCRA/Superful]d Hotline Et (BOO) 424-9346 or your regional us EPA office for

guidance concerning Case spcciftc disposal issues.

Protective Measures During Repair and MaitLfenaDc¢ of CoELtaDlbated Eq utpm€nt:
•     Rofcrto section 7.0 -Special protection lnfom8tion.
•     Keep urmece§sary persons from hazed area.

:3¥:,:vd:P:gfucq:j±moefnj'm:en£+=:?a'£&isms°u:i=ath*&*:£reesandprowivec|othingifdiest
contact is onticipBted.

•     Provide ventilation to mailitaln exposLire potential below applicable exposure levels.
I     Eliminjate heat and ignition sources.
•     Remove contami"ted clothing.
•     Wash exposed skin thorougivly witti soap end wrfer.

6.0  EEAI+TH IIAZARD DATA
Hedtb IIanrd Classification Oer 29 CFR 1910.1200):

mthly Toxic No sehsitizer No

Toxic No Rapulucti ve Effects No

Comosive No Mufagen No

lfTitant Yes Tnget Organ {Skin} Yes

carcinogen:
PTeduct/Comp®tient Qrs Na, Cone.(./,) run I^RC OSH^ 0,her
No; 2 Fuel Oil 68476-30-2 loo No Group 3 No ND

Toricity stLD"ry: If =`malloved, this m8tchal can enter the lungs and cause severe dafnagc.
ITiis material call cause skin irritation.

NDLNohi..
crrdoN6:r2FueiOits,AliGrides{AG2FO.serf-cobei26,idr7,-cnd.5388)
NArNct frolicchle NFNot E5deiistnd"         Piss.3 a.f 7
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6.0  IIEALTH IIAZARD DATA (continued)
Major' Route(s) or Entry:           Inhalation of mists or vapors,  Skin contact.

Actite Exposure Sym|]toms :
Inhalation:        Inhalation ofmists or vapors above applicable workplace exposure levels can cause

trmsient euphoria. respintory tract irTjtation. gastrointestinal irritation, headache,
dizziness, or central nervous aystem depression.  Studies with laboratory animals suggest
that bronchcaot}stTiction and respiratory impBirment are associated with inhalation of
high concentrations of fuel oil mists,

Dcrma]:
Eye:
Ingestion:

This material can callse skin iITitation.

Illis material can Cause tmnsient eye irritation including stinging, tearing and 6wolling.
Symptoms of fuel oil ingestion can include b`Lming of mouth and tippcr gastrointestinal
tncL stomach cramps, Coughing, drowsiness, restlessness, irrinbi] ity, vomiting, diawhea
and unconsciousness.  In addition. breathing difficulty may develop..  Coughing,
pneumonia and painful breathing can sLiggest tut the product has entered the Lungs.
Ingestion of lange concentrations of product can cause convulsions, coma and death.

[njectioD:          Injection under the skin, in muscle or into the blood stream can cause irritationt
inflammation, swelling, fever, and systemic effcets, inc(uding pulTnonary edema,
•pneumonia fLnd mild cennl nervous rysten depression.  Injection of pressurized

hydrocwhus can severe, permanent tis6L]e damage.

ChTopic E=posure Symptoms;
The products represented by this MSDS contBin a tTtixture of petroleum hydrocarbons commor`Iy
refeITed to as "middle distiL[ates,"  Laboratory data have associated some middle distillates with
Skin cancer when the mtLteried is applied repeatedly over the lifetime of the .test anim.al,
Middle distillates Similar to the I)Toducts represented b} this MSD§ have been associated with
liver and kidTiey damage in subchroitic (90 day) inhalation studies of male rzits.  The relevance of
these findings to liuman health is unclean

Prolonged or freqiJent contact carl cause the skin to dry or onck.  Al.so, long term d¢mal
exposure call catJse an inflammation of the skin marked by redness, pain or itcliing (defTmtitis).

Other Special EfTas:
None.

Medical Condltiou Aggnvlted by Fkpoaure:
Individuals with ch"ic oespiTatory disorders. liver dysfimction or kidney disease call have these
conditions aggravated by elevated exposure to vapors, mi5ts or aerosols of this material.

First Aid atid Em¢ngeDcy Procedufes ror A€ute Effcets:
Ibhalatlo'B:        Move victim to fresh air.  tfvictim is not breathing, immediately begin ¢ardiopulmonary

rcsu§citation (CPR).  If breching is difficul| loo percent hulnidified oxygen sliould be
administered by a qu.lifled individual.  Seek medical attention immediately.

net.mat:             Remove contaliiinated clothing.  Wash exposed skin with soap and water.  Launder
clothit`g before use.  Seek medical attention if tissue appears damaged or if iTritatioTI
persists'

Eyes:                   Flush eyes with cool water while occasional]y lifting and lowerjf)g eyelids.  Remove
cottfact lenses if won.  Seek medical attention. if excessive tearing, irritation or pain
pets.ue.

r

8#-%J#':E`#d-iri-Ii;a-i;;.t.i,dip.,;:
•:;mprQ.prfu NFNot Estch

F§EL3#,.:.r#;..I..#,!..9.qu.i.53!!t,.„,:i,..,...:.;....:......rfe,4`-pf.7;;-;,

iched .; .........
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6.0  REALTH IIAZARD DATA (continued)
Ii)gestiotl:          Do not induce vomiting.  Ifspontancous vomiting is about to occur, F]Lace victim's head

below knees.  Never give anything by mouth to a person who is not fully conscious.
Seek medical attention immediately.

Ipjeetiob!          Injection under the skin, in muscle or into the blood sdean is a medical emergency,
Seek medical attention immcdiat¢Iy.

Notcg to Physician:
InhalafioB!       Ifcaugh or difricu(ty in breathing develops. evaluate for respiTutory tnct irritation.

blt)nchitis. or pnoumonitis.  Administer I 00 percent hum idified sLipplemental oxygen
with assisted venti l&tion as required.  In symptoTnatic prti¢t`ts (cougl]ing, choking,
tachypnea, eta.). monitor blood gases to assure ridequate ventilation.  If vital signs
beeom¢ abnomal or eymptoms develop, obtain a chest x-ray.

Ingestion          The viscosjty at of this material js approximately 32 Sos at looo F.  Accordingly, Lipon
ingestion, there is A I)igh risk of pu[momuy aspiration.  Aspimtion can result in chemical
pfieult`onitis or lipoid pneumonia.  Rcmova] by carrfu[ gastric Lavage with tight fitting,
cuffed endotrachcal tube may be considered.
PulTnonary edema can be mrmged with PEEP and supplemental oxygen.  Atttibiotics are
indicated only if bacterial superinfection ofthc lungs occiirs.  Steroids have iiot been
sho`rm to be of benefit for llydroc&rbol] pncumonitis,

7.0  SPECIAL PROTECITI0N INFORMATION
Ventilation Requirements :

Use in viie]l vendtdred atica.  In confined ires or when hot Ihcchanica[ ventilation mly be. .
rsquiped to maintain airbem¢ conccntntious below appliuble work place expostire levels es
evaluated b)r designded and |]roperly tndhed individtials.

Applicable Workplace E*pesur¢ I+evck:

Chemical ^C¢IH ^CGIH T|,V ^CGII] OSHA O§m PEL Osm
CompoRebt TLV"^ STEIJ Tl`V PEL"^ STEL/ PEL

PE'ra Cclling (C) Skill Ppm Ceiling (C) Skin
(ng"') pl'n (ng"I) potation? (Dg") pl" (mg"`) nota[ieD?

Paelun Distltlatcs RE. NE NE NE NE NE

Specirlc Personal Protective Eqt]ipmept:
Pesonal prmech/c equipment chould be selected based Lipon the conditions under which this
material i§ used.  A hazard assessment of the wofk area for PPE requirements should be cotidueted
by a qunLified professjonaJ pufluant to OSHA regulations.

RespittLtory:     Only NIOSH or MSII^ approved equiptncnt should be used.  Use oran organic vxpl and
dust/inist fitter dtlal catutdgc respintor is requited when vapor and mist conceritrations
exceed de &pp[icat][¢ workplace cxposue Lcvcls.  Respimtory protection choutd be
selected on the basis of tlie Tnaximum expected air cofLcentration.

::.,..,`,

Eyes:
Dermal:

Cloths,Or
Equlppept;-..

Use safety goggles or chettiicaJ aplash goggles if splashing is anticipated.
Use glovcs constriicted of impervious iTlaterials such as heavy nitrile rubber if firequent
or prolonged contact is cxp¢cted,
Wear bodycoverfug worfu clodes to avoid prolonged or repeated aposor¢.  Rrfuovc
conSqui.p&t¢d. cl,othing one larmder.,tefare revsc .......

NArINot APP[icabl¢  -
clTcONO.2fucioiisAiidi'&{AaiF6,..# CIN: 5388}

NENct
PegcSof7
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8.0  TRANSPORTATION ANI} SPECIAL PRECAUHONS
Stofnge:             Do not use or store this product near heat, flame or other potential jgnitjon soumes.  Do

not store with oxidizgrs.  Do not stot'e this product ir` un]abeled containers.  Keep
cont&j nor closed ,

Danger.             Rlammble or combustible Liquid.  Vapors are lieavier than Air and my travel to ae
ignition soLirce and flash back.  Use only in a well ventilated area.  Never siphon by
mouth.  Empty containers may contain product residues which can ignite with explosive
force.  Consult appropriate federal, state alid local authorities before reusing.
reconditioning, reclaim ing, recycl ing or disposing of empty containers and/or iArastc
residues a.f this product.

I}OT Inrormatlon:

PfoperShippjngNane:
mud Class:
Hazard Identification No.:
Placard:

Fuel Oil, No2
3
UN  1202
Flanmab]e liquid

9.0  ENvmoNMENTAL DATA
TltrquTh_QfihesFperfuli±AtE[iti_I_m¢bts_±Bd,,ReautliQ±2atiop_4_cto±JJ_8_¢fs^RAI

Section 313 -Tonic Chenicalse
This prodiict is not kno`m contain any components in concentmtioas above de mtwindr levels that are
listed us tonic chemicals in 40 CFR Part 372 purstiant to the r¢quirefnents of Section 3 t3 of SARA.

Section 31 lA12 -Hazard Catenories:
Ttiisproductmaymc¢torleormoreofthechie.riafortheh8zardcdtegoriesdefinedin40CFRPaft370
as eat?bliched by Sections 311  and 312 of SARA as indicated below:

Immediate (Acute) Health Hnd:          |±§                    Sudden R¢]ease of pressure Hazard:       b!g
Delayed (Chronic) Health Hazard:           I§E                     Reactive llazard:                                        Eg
Fire Hazard:                                                I§§

S€ctiob 302 - Ertreme]v Ha2ardoqs Stll}rfubces:
This Product is not knorm to corfuin any components in concenuttions greater than one pereent that aLre
listed as Exnemcly Hazardo`is Substances in 40 CFR Part 355 purstiant to the requireTnents of section
302(a) of SARA.

Clean Watef. Act (C`h/A1:
Under the CWA, discharges of crude oil and pctroletim products to surfroe water withotlt proper Fedenl
and State p¢m its must be reported inmediatcly to the NItionel Response Center ut (800) 424-8802,

£gmp±ebensiveEn±dpanmep±±!B±spo±±±ifomp±ns&G±piE±±±±bili9[4±!|CEBHIA).Se±£9p±02
Haza rdous Substmces:
As defined dy CERCLA, the ten "hazardous §ub5tance" does not include petroleum, including cnJde oil
or any fraction thereof which is not othe"rise specifically listed or de§igncted as a hazardoLls substance.

•...........-.......-,.   NDLNa Data

&A#tN^O:.p!EFt:fail;^Iior*,gt.Aqap...trF.ap,.I.ap.7rfIN:.5!
.,            .`:

-.... NE-Not

8;8}..`.„........:...::Pig,,62?f7.:`.
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9.0  ENvmoNMENTAL DATA (contihued)
CalifoThia Prat)o§!tion 65 /Tlie Safe Drinkimr Water and |oxics Enforcement Act`:
Wamiitg:  This material contains the following cherriicaLs which are kno\m to the State of califomia to
cause caTicer, birth defects or otlt¢r rapreductive harm. and 4rc subject to tl]e requirements of California
Proposition 65 (CA Health & S8fery Code Section 25249.5):
Com Don en t:                                                                                      Eff±g±;

Diesel Engine Exhaust                                                               Carlcer

Ne"r J¢rs¢v Workel. alld ColTimuBitw RiEht-to-Know Act:
Fuel Oil {68476-30-2)

Toxie Substances Control Act mscAt:
Reported lp TSC^ InveAtory ae: Pnduct Cbmpohents

No. 2 Fuel Oils X

10.0  LABELING

PANG_ER?I
ELLEndFUI, D SWAI.IfoihrED - CAN ENTER LUNGS AND
CIAUSE DARAGE
coNIAINs pETRolfun4 DlsTIIIATEs
cohDus- LIQun
cAusrs slDT rmTrmoN
MAT cAusE' cANcm BASED oN ANIMAL DATA
TARGET ORGAN®:  Skin

HArmLiA~
Keep &wny from hefty spari€s and flames.  K¢¢p container closed.
Avoid I)reatliing vapor or mists.
Avoid direct derDal contact

RET4EE
If fvrallowed, do bat induce vomltfbg,
Call a ph)rsician lBiBredrty.
18 cue or ¢optact, tenove coDtamlpated clothing inmediately and
trash thoro`ighly with son|I and water.

ALL STATEMERE, INFORMATION, ANli DATA pROvDED IN TinsRATEREL SAFETY
I]ATA SHEET ARE BELmvED TO BE AccuRATE AND RE14ABLE, BUT ARE PRESENTED
wlTHoUT GUARANTEE, REPRESENT^TloN, WAREANTY, oR RESpoNsrmrnr oF
ANv KIND, ExpREssED oR II\nlAED, ANy AND ALL REPRESENTATIONs ANDJOR
wARRANT[Es OF MERCHANTABILITy OR FrlNEss FOR A pARTlcuLAR puRposE
ARE spEclFlcALLy Dlscl^IMED, usErs sHOulD MAlcE TEDm OWN
INVESTIGAttoNs To D  TERxpfE TEE Surr^BnlTy oF "E INroRMATloN oR
PROI)ucTs FOR IHEm pARTlculAR puRposE. NOTEING CONTAINED RARE IN Is

i      HF3EDT#ppfr#¥OfrINED#cfuMEORTc%RVARErfLg:E!EFBAEBNpzfrvIrfuIATE AV
cormGErs OR INVENnoNs.

NDJNo Th
CIllGO Nd.-2 Fuel Oils, All Grades (AG2FO. Sep[ouber 26. 1997. at`I: 5388)
NA-NqtApp]icablc

P . ©7/©7

NEINct Edrbiichca
• Page 1 Of 1
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`MATERIAL SAFETY DATA SHEET

SECTION I

PHOOUCT SA   825    0012

P.3

wJITccj MANUFActuj]It`G DwisloN cm fuBsioiAny

I

AO ORgss iNUMBEF. sTaEET. city. STATE. Zip c:onFi

1

CHEMICAL  NAME Ofl FAMILY FOFIMULA

a         Petrol eum  Hvdrocerbon NA

•SECTION  ll  -.CHEMICAL AND  PHY8lcAl.PF]OPERTIE8                               €CWEMfcAL...                                             I PHYSIC.AL"

hA2Afioous OEcOMpcisiTioN fmooucTs FOAM.         Seml-sol  ld

6         Carbon   in.onoxlde,   carton   dioxide 00OF'

'N coMPATiBiLITy |KeEF ^w^y FfloMi e Mineral    Oil
Strong  oxidlzlng  agents   such  as:      hydrogen   Peroxlde, ^P.EARANCE

6 cr.rc}mlc   Eicld.    bror.ir`e 10 GreaseI T ALL Toxic AND HAZAnDOus iNaBEDi8NTsNoneL7

''
loftI       Ambe.r

P'2 ECIF`C  GRAVITYiwATeB-1)RT 0 . 92¢

`EEctioN iii.=:.Fin E...AND `ExpLO 8ioN t]ATA..
®O,L,NG PT.1S

NDA                  .c®£

SPECIAL flf`E FIGHTING flf`OCEOufi€6 FIASH POINT IMETHOD uSEolAboveC.a.C.

Fire   flghters   should   wear  an a6     loo   .CJJL.f MELTING pT. NA.c

eDproved   self   contalned   breathing Fl^MMABL,i IIMJT6 96NDA:'LOWER_UPPER_
I,

®F

24
aoparaTus.               i

9oiuelirTyINWATER

Ne.I  1 r I I I a
uN USUAL. FIRE AND EXPLOSION HAZARDSDensesmoke €xTINGuleHiNG AaENT5

H Df]YCHEMICAI    X:  CO. AT            ,5   .c

=WAT€RSPAAY     ±FO^M.wATEi]foc%5ANoteAnTH '1
A  VOLATILE'a(|YWTt„

NA
2S 2,   TOTH€I

€VAP. RATEI,(.''

NASECTION  IV  -  H€ALTH HAZARD DATA
pEPIMissiBiE coNCENTfiAtioNs tAmi

T

',
vApol pflessufl€ImrTillott20.Cl NA

9 NDA
NAEFFECTS Of OVEBEXPOSuAE I, 'Am  I  ''

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

I a I IC a LC) a ICAL PRO P£ R I IE S JO ®H(I

I N94. STF`ONG ACIDsTRON¢aAs!

EMEflGENCv FiasT ^io pfiocEDUBES

J2 gyEs     Flush   with    larae   amounts   of   water   for   at    least    15   mln. STABLE                                                               -X

Call    a   ohysici;n    Immediately.
I

uNST^eLE

33J€,! SttlNCONTACT        wasn   thoroughly   with   soap   and   Water.

:I:§,:;TFY              `oo<o`fl°**=Z
NHALATioN                  NDA.

_„!          NA                                                                       i

FswAiLowgD        Call    a    PhYSIciEr,    Immediately.
I

I')

NA  -NOTAppLicAeiE                                           NDA.  woO^TAAv^iiAai€                                       <.  less AN                                            >.MOBETWAN

Paa6  1  ot  2

Fc>qi,`.  f`'c.  e s 1   ..i   s ..
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MATERIAL  SAFETY  DATA  SHEET      pRooucT

P.4

SA   825   0012

SEETTONvllLrspECIAt.f)flECAUTIONS
PaECAUTIONS TO aE TAKEN iN H^NoiiNG AND SToaAGE

„        Keep  cc)ntainers  ¢Iosed.                                                                                                                                .

8ECTloN viii -TnANsroFTATION DATA

uNR€Glll^TEO   a
U.S. a.a.I. .ftopEA 811lppINC NAME

„                   ,Y a.O.T. 7

;..              A:Suol.^oTED  I
u.a. a.a.T.llAZAAO CIASS I.a. NUMBEP

a 9

TRANSPORTATION Aa LABELIEI  REQUIRED

EMERGENCYINfoAMATIONCHEMTREC1-{®Ooi434.9aoo 60 6'

faEIGHTCLASsiFicATiaNPetroleu.   Lubricating   C`reEse
9Z

a.£cIAL TRANsponT^TioN NOTEs

13

SECTION tx - COMMENTS

KEEP   OUT   OF   F`:ACH   OF   CHI  L9REN!  !,jl

W.  beli.v.  the  6tetem®nts.  technical  Information  end  r®Comm®ndatlons  Contained  h.r.in  &ro  r.liable.  t]ut  they
Ble  given  wlthout  warranty  or  guarantee  of  ally  klnd.  express  0r  Implied,  and  W.  a$8umo  no  respon9lbllity  for
any loss.  damage.  or cxpen80,  diiect oi con3oquontlal.  arising out ot th®lr use.

PJJ6  2   0'   2
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MATERIAL  SAFETY   DATA  SHEET

P.5

T©x   no.     :    042840

Plrt   Typei   and   Humb®r                                                            Part   naitie

Prlnt   Olt®
Last   ft.vlewed

oF/aoo2e/9:
o5/03/89

----------------------------------------------------------------------,,,---,,-
Ford    -U.S.     BATTERY    -ALL                                                      BATTERY    ELECTB0LYTE

Hotorcraf t    -u.S.    BATTERY    -ALL                               BATTERY   EIECTROLYTE

------.--------- tl ----  CHEMI GAL   AND   PHYSI CAL   PROPERTI ES  ------------------------.

Haterial     type                            LIQUID
Sp®clfic   Gravity                  I.250
Bolllng   point                          >135   C
Flash   polnt                              Not   Appllcable
pH                                                              2.a

------ I ----.--.-   HAZARDOUS   AND   OTHER   0lscLOSE0   lNGR!OIENTS   ------. I ------- a---I-

P.rcent           Expo.ure   Llmlts   -TWA
fi.nge                ACGIH/OSHA(Where    eat.)     CAS   l`umber             Chemic.I    Name

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

Expolure   Limlt   Abbreviltlons
- I - ,1 ,1 -,,,---, I ,,--, I 1 , ~ --,,,,,---,,,,
TWA-tine  W.loht.d   ^v.r.g®     I-Celllng

S-Short  T.rm   Expo.ure       Sk-Skin
Sol-Sotub`.   Compounds             Fu-funncs

lnsol-Insoluble   compounds        Du-Oust +.,+'

------------ I-I ----- i--REGULATORY  I NFORMATl oN  I ------.-- n -----------------

Thl]   product   coot.lns   .   toxic   ¢hemicel   or   ch.mica`f   lubjcct   to   the  reportln¢
requir.ment€   of   Section  313  of   Tltle   Ill   of   the  Super fund  Amendm.nts   end
R.authorlzation   Act  of   ]986  .nd   40   CFfl  Part  372.

------------------ [[ ------- "-S I CNAI WORD -Tt-I ---- n±--I .-.-- I-
DANGER    --CORROSIVE

--------------------r------.-HAZARDS--------.----------I---------g=i]--.=

Contact   with   this   in.terial   wlll   cause  burns   to   the   skin,   .yes   &Ad  mucous
in.mbran®8 .

Wh.n   tr.!s  mat.rlal   com.i   into   contact  with   the   .y.a,   Serieu.   d4m&g.  may   occiir.
Thie   prodl;ct   15   h.rmfJl   by    Inhalation,   when'-!n   eontacl   with   th.   skin

and   if    lt   is   .wallow.d.
Thi3   product   I.   irrlt.ting   to   the   eyeE,   reapir.tory   fy8ten  and   .kln.
This   product   may   bc   fatal    lf    lt   ls   Swillowed.

FORD   MOTOR   COMPANY
OEAflBORN   Ml   48121
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Tax   no.    :    042840
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®
®

®
®

'
'
'
)

)

)

)

Prlht  Dit`   ..   o[/ao92e/9o2

-I --------- iiii ------  TARGET  ORGANS   AND   MEDI GAL   CONDITIONS   u ------------ tl--.&i-a

Ov.rexpo8ure   to   Com.   hazardous   lngredlents   in   thls   Product   has   been   found
to   affect   cert.ln  body  organs   and   Sy8ton.   ln  exp.rlm.ntal   fnim.lI   .nd/or
humanB.   The.a   include:

Lungs
Teach
Skln,   Ey®a,   and   R.fpir.tory   System

-.-.--------.----.-----  ACUTE  Tax I C I TY  I NfoRMATI 0N  ------- 1-.-II ---- u--u-un-it

Based   on   th.   compo€ltlon   of   th.   prodLJct   ldentlfled  by   th.   suppller,
Selected   portion.   of   th.   acute   toxiclty   Information   from  RTECS   are
3S   follows:
7664-93-9          SUIFURIC    ACID

lnhalatlon,   .dult   rat,   LC50   .   ;10   mg/m3    (2   Hour.)
Oral.    adult   rat.   L050   -2140  mg/kg                                                          .

J|--I ------- Ill---±J± ---- u-SAF I  H^NDI I NG  AND  STORAGE --.--- =±=r=--====_-=u -----

Oc]   not   brcath®   gas/fima&/vipor/epray.
Ui.   thl3   product  with  ad.quota  v®ntl I.tion.
Bo  not   g.t   tlilt  ln.terlal   lR  your   eyes,   on  your  Skin,   or  on  your   clothln?.
Thl.   IS   an  exldl2lnq  .g.nt  -&vold  brlnglno   lt   Into  contlct  wlth  an
organic  materi.I .

Stol.  this   product   in  .lr-tlqht  contalner&  aw.y  lron  &ot[Jrc..  of   h.at  lnd
I  ight.

---- 11--I --.-- I-F IRE.   £XPIOsloH   AND  REACTIVITY   INFORMATION   n---======== -.-----

Bringing   thlf   product   Into  contact  wlth   Conbu8tlble  mlt&ri.I   in.y  cause  4   I Ire.
EXTINGUISHER    INFORMTION!    Dry   ch.mical,    foam,    carbon   dloxlde.
LJ&e  w4t.r   to  cool   flr.-.xpoead  contalners  and   to  protect  p.I.onnel.
W..r  S.lf-contain.a  br..thjAg  apparatul.
Thl®  product  can  ra.et  vlol.ntly  w|th  reducing  lgent.  and.orfanlc  flat.rlils.
Exploelve   HYOROGEH   GAS  may   be   rele4..d    lf   &qu.eu8   .olutlon&   of   thl.  mat.rlal
come   into   contact  wlth   reactlv.   metlll    (IRON,   ZINC.   ALUMIWun)  .

Irrltltlng  and/or   toxlc  fun.a  and  g.Ses  may  b.  onlttad  upon  h..tlriq  ot
this   product.

The  decompolitlon  of   thl8   product  wl H. rele.s®   toxlc   pa.aS.

FORD   MOTOR   COMPANY
DEAF`BORN   M(   4€121
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Tc)x   no.     :    042840
Prlnt   Date   !   o4P/aoo29go3

---------------- I---PROTECT I VE  H£ASURES   AND  TR!ATHENTS  I---I ------- q ----- a ---.

Use   of   an    impervleus   apron   1=   recommended.
use   g.n¢ral   v.ntllation   and   use   local   exhaust.   wh.ro   posslble,    In   coflflned   or
®nclosad   8paceg.

Wear   eh.mlcel   goggl.8   and   face   shleld.
The  use  ef   naopr.ne  glc]v.®   is   recom.nded.
In  c..e   of   contact  wlth  .y.a,   rln]e   imedlately  with   plenty  of  water   arid   eeek
medical   advice.

Immedl]tely   tak.  off   all   ¢ontam]nat.d  clothing,
|f   the  materl4171.wallowed,   get   lmadl&te  medical   attention  or   advice   --
Giv.  sev.ral   gll8ses   of  wlter  or  mHk.

It   gal/fume/vapor/dust/ml5t   fran  the  materlal    ::   inhaled,   renove   the   affected
per.on   lmmedi&t.`y   to   fresh   air.

for   skin   coot.ct   flush  with   large  amounts   of  water.
Wash   thoroughly   after   h.andllng.

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

|f   the  product   i8   Ingest.d.   probabl.  muco=al   d.mage  may   contraindlcate   the  ilse
of   ga&trl¢   l&vage.     Treat   th.  affect.d   person   approprlately.

-----.-------.-------  Sp I lLs i  LEAKS  AND  P I SPOSAL  ------ h .---.------ ===
.

EHminit.   .11.otirce&   of    lgn:tlon  or   fl&mm.blee   that  iTiay   cone   Into  contact         .
wlth  .   .pHl   of   thls  mat.rlal.

Avoid  .kin   cont]ct   lnd   lnhalatlon  of   vapors   durlng  di.po..I   of   BPHI..
0l.pot.  of  w&et.  mat.rlal   .ccordlng  to  Loc.I,   Stet.,   .nd  F.d.I.I
Envlroon.nt.I   R.giilatlon&.

In   ca8®   of   largc   .pill®,   foHow  all   faciHty   Em.rg.ncy   Refpon.e   Procedure!.

--.---. I ------.--------------  S P E C I AL  REMARKS  --I ------- I---I-ilm -.------- ===--

Thii   I.   an   .cldlc  in.t®rlal.

---------  u.   s.   eEPARTHERT  OF  TRANspORTATioN   INFORAATioN  IILul ------- I ---- [=

Shlppinq    name:    BATTERY    FLUID,    ACID       tJN:    27S£
Hazard   Clasai   Corroilv.  matarlal                   Hazard   Label!   Corrosive

The   chonlcal   nime(i)    appearing   below.under   ``NAME"   must   .ppear   a&   part   of
shipping   name   lF   the   amount   being   Chipped   in   each   coAtalner   ®xc.ed!   the
quantity   .horn  under   ''RQ"   below.     The   latter:   "RQ"  must   also  appear   as.Fart
of   the   Shipplng   name,    ln   the   form

•hlpping   name,    ch®mlcal    name,    RQ.
For   U.S.      sh!prents   fran   Ford   F&cilltie&,    consult   the   `'Ford

Hazardou8   M.teri.I   Tran3portation   Control   Program"  A.nual.   oth.rwiS.
con8ult   49CFR172.
------ CAS--RQ (lbs)   -NME ------------..----------.---------------------.---.....

7664-93-9          2777         SuLFURIC   ACID

FORD   MOTOR   COMPAN.Y
hE=^Elb^BLl   .I.I    /®1..
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Tox   no.     :    042840 °     prir\t  D.te  ,   oF/ao92e/9#

-------------------------.-  PREPARAT I oN   I NFORMAT I oN  -.--- I ----------------- t==I--

Health   and   safety   Information   ha8   been   evaluated   by:

Environmental   t   Occupational   Toxicology,      Occupational   Health   6   Saf.ty,
Ford   Motor   Company
goo   Parklan.  Towers   W.9t.    a.arborn,   Ml      48126        ..

For   .merger`cy   call:       (313)    337-3182   -or-(313)    323-0045    (for   24   hour   Service)

Thls   il   the   last   page  ot   thi.   HSOS.

FORD   MOTOB   COMPANY
OEARBOEN   Ml   48121
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"oco   REauLAR   LEAD-FREE   GAsOL[NE
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MANUFACTURER/suppLIER

®       #8C:a:!LR::::i;i  Drive

® Chicago,   Illinois     60601

EMERGENCY   HEALTH   INFORMATION:        (800)    447-8735
ERERGENCY   SPIIiL   INFORMATION:       (800)    424-9300

Cf"REC,  U.S.A.
OTHER   PRODUCT   gAFETY   INFORATION:       (312)   856-3907

a          IMPORTA+rT  CoueoRENTS:      Gagollne   (GAS   8006-61-9)   ACGIH  TLV   300   ppm,   STEL   500   ppm;

•                                          i:¥::::{A¥ :::i3:Z::£€#8P!;i.i: Ppmosm PEH ppm
®                                                        *See  supplenental  lnfamatlon  section.

®        WANING  STA.EMENT:     D;ngerf   Ext:?m®|y  fldrmable:   High  vepor  concentrations  can  caus.I_         _        _        _,        _             _,headdchea,  dlzzihes!,   droveine4i  and'nau6ea.   HamfuL   i£  4valloved
and/or  a8plreted  into  lungl.  Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   use  eg  motor  fuel  only.   Long-term
exposure  to  vapofB  has  caused  cancer   ln  labor.tory  &nlnals.

"IS/NFPA  CODES:'(HEALTH;I) (FLA"AEIL[TY; 3) (REACTIVITT;O) ,   Chronic   h.alth  hazard

APPEARANCE  AND   OI)OR!      Clear,   bright   liquid.     Characteristic  odor.

®
®

®
®

IimLTH  mzARD   INFORMATION

EYE

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

FIRST  AID:       rlugh  eyes  vlth  plan.ty  of  trot.r.     Get  aedical  attention  if   irrltatlon
pets igtg . .

PROTECTION!     Non.  r.quired;   however,   use  of  eye  protection   ls  good.  induftrlal  practice.

EFFECT :

FIRST   AID:

.SKIN

Prolonged  or  r®peat®d  contact  can  defat  th.  Skin  and  lead  to  lrrltation
and/or  dematltls.

:::::§i§;8i!o§:;:::i:i::::§#;a:i:::. an:i:;.b:?::=i::::? C:::hi:gifai
PROTECT1°h':    §¥:;:3Pr:1:::::n::dr:¥®::::a::inc::::::tis  i:£:]!:Otective  Clothing  and

EFrECT!

INHALATION

Vapour  hamful.     High  vapor  concentrations  can  cause  headaches,   dlzzlneas,
drovgine&8   and  nausea.     See  Toxlcoloqy  S®ction.

FIRST  AID:        If  adverse  effects  occur,   remove  to  uncontonlnated  area.     Give  art!f icial
respiration  lf  not  breathing.     Get  m®dical  attention.

I         PROTECTION:      Use   with   adequate  ventilation.     Avoid  br®athirlg.  vapor   and/or  mist.1£
ventilation   ig   iriadequdte,   use  NIOSH/MSHA  c.rtif ied  respirator  Which  will

I                                     protect  against  organic  vapor/mist.
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®
HEALTH   HAZARD    INFORMATION   -   CONTINUED

EFFECT:

FIRST   AID:

P.10

INGESTION

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

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

FIRE  AND   ExpLOsloN   INroRATION

a       Fi.AsmoINT:               -45OF

®        FI.A~LELIMITS:      UPPER:      7.6%     LOWER:      I.3S

®       AUTO[GNITION  "PERATbRE:                   495®F

®      EXTINGUISHING  MEOIA!    i!::::®:PE:::::A:::dc::::t:,A::#?as{:£; ,a:r#a:::i::i,  Carbon

UNUSUAl.   r{RE  AND  EXPLOSION  IIAZARI)S:      Extr.mely   flammable  vapor/air  nixtureg   forn.
.Extlngulghment  of   i ire  before  sourc.  of  vapor   ls  shut  off  ca.A  create  an
explosive  mixture   ln  air.

.PRECAUT)ONS:     K.ep  away  from   lgnltlon  Sources   (e.g.,   A.at,   sp&rk!   and  open   flapeB).
K.®p  contain.r  clc>sed.     Use  With  &dequat®  ventilation.

REACTIVITY   INFORMATION

DANGEROUS  REACTIONS!     Avoid  chlorine,   fluorlne   and  oth.r  strong  oxldizers.

HAZARDOUS  DECOMPOSITION:      Burning   can  produce  carbon  monoxide   and/ar  carbon  dioxide
.        and  other  harmful  products.

STABILITY:      Burning   can   be   Started   ea81ly.

CHEMICAL   AND   PHYSICAL   PROPERTIES

Boll-ING   POINT:                       80.I  TO                 430®F,   Range

goLUBILITY   ]N   WATER:      Negllqible,   b.low   0.1%.

SPECIFIC   GRAVITY   (WATER   a   I):                      a.7S

VAPOR   PRESSURE!      7-15   lb   RVP   (AS"   D-323)

VAPOR   DEN.SITY    (AIR   -i)i                   3   TO               4
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STORAGE   AND   ENVIRC)NMENTAL   PROTECTION

a          SToaAG!   REQUIREMENTS:      Stor.   in   flammable   i
Store  avdy  from  h.at

a                                                          accordance  with  appl

P.11

qulds   storage   area.     Ko.p  cor`tainer  closed.
ignltlon  sources,   and  open   flane   in

c:able  federal,   State,   or  local  regulations.

a          SplliLS   AND   LEAKS!     Remove   or   shut   of i   all   SoLirceg   of   i
disperse  vapors.     Incr.ase  ventllat

nition.     Use  water  spray  to
on,    if   poBBlble.     Contain  on   an

a                                             ::::::a::dn::::it:y::.g.t  sandi  aandust,  dirt,  clay).    Keep  out  of

a         WASTE  DISPOSAL:     Re&1due8   and  spilled  tnaterlal  ere   h&2efdoua  waste  due   to   ignltablllty
Oi8po.al  nugt  be  ln  accordance  vith  applicable  federal,   state,   or®

r
a
®

®
a

local   r®
unless  diulations.     Encloaed-controll.d   lnclneration   1g  recorm¢nded

rected  oth.rvi€®  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   of   sewers   and  wat®rvays.      Avoid   strong   oxi6izers.
Report   apllla   to   appropriate   authorities.      USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFO"ATION

EYE::     Primly  eye   irritation  6cor®  0.0/ilo.0   (rabbits).

SXIN!   #i:a:!];i:ni:ai:##:£°;r:::I:ail;/:6£t:#:b!::)

INmLAT[ON:      Acut®   LC50   20.7mg/i   (rats).

.     Acute  dermal   LD50  greater
acute  cxposureB  by  this   route.

INGESTION:     Acute  oral  LD5018.8nl/kg   (rats).     Practically  nontoxic   for   acute
expo8ur®9   by  this   route.

Exceaaive  .xpo4ure  to  vapors  nay  produce  h.ddacheg,   dlzzin.ss,   nausea,   drovsl-
ness,   irritation  of  eyes,   nose  and  tbroat  and  c.ntral  nervous  system
depregB 1 on .

:     !¥!!;;!!i!!iti¥i:;fi;:i:i;;;;:i!!:;!i::;:!!i;!i!;;::;i:i;i;i!i;:i;:;:;;
damage  and  probably  the  kidney  tuner  response  are  unique  to  the  male  rat.     The

I         :::::i::::::.of  the  mouse  liver  tuner  response  in  terns  of  human  health  i5

Inhalation  of  whol.  unleaded  gasoline  vapors  did  flat  produce  birth  defects   in
labaraloi`:`  a.-.iruals.

I      :::#;::i;a::i§::;::§#:::§!;:::§i:;?i::h#|!:::::i!°§#::;:::::bi::::::::::a
D

D

r)

1

1

(anemia).      a.nzene   is   considered  a  human  carcinogen  by   IARC,   NIP   and  OSHA.

:::;.::::::eh::d::i:n:n:nfa::::::: C:h:a::;eir:i::::a:A:°L::: #!:#:#::e-
were   o®en   ln  chronic  8tudl®s  on  xylene   ln  guinea  pigs  but   not   in  rats.

i:pi:::i:A ::p#i:i::o#::  :::o|:::sl:::so:::rc::::ec3::i:#gp::=:ni:g:::i::n
of  this  product.
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REGul.ATORY   INFORMATION

P.12

CBRCLA   REPORTAELE   QUANT{TY:
This   product   is   exempt   from  the   CERCLA  reporting   requirem.nt8   under   40   CFR
Part   302.4.     How.voa,    if   Spllled   into  Waters  of   the  United  §tatos,    it  may
be   reportable   under  40   CFR  Fart   153   if   lt  produc®s   a   Sheen.

DOT   PROPER   SHIPPING  NAME:      Gasoline,   Flanmabl®   I.iquld,   uN1203.

OSRA  HAZARE  CounNICATION  STANI)ARE :    :;#:b!§n{ii#:  :i;:ii:::i::S§#::¥#g::A:;ts

RCRA   STATUS!

:i:;og::d::tc::t:¥:j£::a::a::ev::t::Rb::::9:6!;3!o:::€n:a:h:n£:£:oving
substance ( a ) !

coMpoNENT/Gas   NUMBER

Ethylben2ene   (loo-41-4)
Toluene .  ( 108-88-3 )
Xylene   (1330-20-7)

.§ARA   STATUS:
Thl8  prciduct   iB  r®gulat®d  under  the   following  a.ctlon(8)   of  SARA  Title  Ill,   42
Use  9601.   Splllg  or  relea5®s  of  the  product  RAY  b.  repartchle  a!  a.t.mined  by
the   infarmatlan  given  below!

SECTIONS   311   AND   312   0F   SARI   AND   40   CFR   PART   370:
This  product   is  defined  af   hazardous  by  ostIA  under  29  CFR  Pert  l910.1200(d).

SECTloN   313   oF   SARA   Arm   40   CFR   PART   372S

#;:  i:O#C:F£O:::!n§.7:?a   following  Substances,  which  are  on  the  Toxic  Chenlcals

COMPONENT/CAS   NUMBER                                                                                                WEIGHT   PERCENT---------------~----------------------------,I-----------,,-----
Benzene   (71-43-2)         .
EthylbeAzene   (100-41-4)
4oluene   (LOB-88-3)
Cyclohexane   (110-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!     All  of   the  components   of  this  product  ar.listed  on  the  TSCA.Inventory.

S-u-PPLEHEh.TAL   INt`IORMA'l-'ION  ._T±_ _

I        ::::::::oi:]a.:;g::::  T!#:ea:::hydrocarbons.    Those  riajor  components  having

r\

n

'

Butane    (CAS   106-97-8)   ACGIH   TLV   800   ppm;   Osm  EEL   800   ppm.

Cyclohexane   (GAS   ilo-82-7)   ACGIH  TLV   300   ppn;   OSHI  Pal   300   ppn.

Ethylbenzene   (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,    STEL   125   ppm;
OSHA   EEL   loo   ppm,    STEL   125   ppm.
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SUPPLEMENTAL   INFORATION   -   CONTINtjED
n-H.ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   ppm;
Osm   PEI,   400   ppn,   STEL   500   ppm.

n-Hexane   (CAS   110-54-3)   ACGIH  TLV   50   ppm;   Osm  pal   50   ppn.

P.ntan.   (CA5109-66-0)   ACGIH  TLV   600   par,   STEL   750  pen;
OSHA  PEI.   600   ppr,   gTEL   750   ppn.

Toluene   (GAS   LOB-88-3)   ACGIH  TIIV   loo   ppm,   STEL   150   ppn;
OSIIA  PEII   loo   ppm,   STEL   150   ppm.

P.13

Trim.thyl  b®n2ene   (CA8   25551-13-7)   AcalH  TLV  25  ppr;   06m  PEL   25  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   STEL   LEO   ppm;
OSIIA   PEL   loo   ppm,   STEL   150   ppm.

ISSUE   INFORATION

®         BY..n   7eG€_
® A.   G.   Farm.r,   Director,

I       Product  sat.tr  a  Toxicology
188Um!     June   09,   1989

SUPERSEDES:      March   18,   1988

This  nateriol  Safety  data  Sheet  &J`d  the   lAfornatioA  it  ¢ontalns-ig  offered  to  you   ln

3#hf::t:e:: i:::u;:#. So¥:c::V:u::#:V:era:gni::;ra£:°g€::::: 1:a:t i?n!:ifa€i:: ::e£:

;:;!i::i;;:::,:i:#:::::i;:::_i:i::;i:i:t:5:;:i!!:::#:is!g!:#;:#|u::!!:;a|"nd

:§e::::#`!:a:::#::#:::g!:l#i:#:§e::::;i:¥;#:::::;:i::ei§i§::,::1:#:p:i:;::s
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•MA'T-EFII`AL..S.AFE-T`Y...DATA.fsHEE'T1
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.

...SECT

'     ..   _         ,. -loN.I.

NTifft#: H6iienlc.I oo -                                                   ' Tthogf'6Br-%!3roT8a'i# i=[aa&:tat."6Tc`hn.a. I1.  60922   `                                                                 .
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• CMLOu lMLT Oouu^
Hlxture

. .:. ,        .        .,.  8E.CTION  ii..HAZARDOus,iNonEoiENTs  .
p^iRT8. pRE9EAv^ttv(9. . eoivENT6 1 tlv'Un'l,) ^lloYS MO WEtAlllc CO^TINO8 . TLV'U^''|'

muev,) I,/A u, Wft^| N/A
•      C^TALY.T

N/A ^LIO,, N/A
ew€Le N/A

•.TNIIC CO^Tt.tog N/A\
thv€NT,

N/A
|I||EA WE|^|

N/A•t.uS  cO^7I.10 C)a COF`€  Flux
^Oo,',vl,...'N/A •o,N,.i......`

N/A
0'"I.8        .                      ....         .   .      `   .        . l'/A

•

LI^zMcoueMI*rune8 Ot oTH[A ilouio€,saiio8,OAOASE8    .    . * |V(un'l,I

'         ~             ,              ~   _    L=_

H.thrl.Alcohol                   I        .                .                 .    a                   ..."     ..         ...      " 38 eoop

Nonv.1t]henol  gurfaotant              a^S  #    6Oul2-gr4 001
•,I

trichenvlmethane       C^g  #  2650L{.8-2              EP^  TSC^  Llet-Yes Tr,
'       '1    '''r'

SECTION  NI     PHYSICALDATA
•Oii"®.OwT rF.I                                                .  -`         +`. •TliA   .      ..`...`-. €p(ci,'caA^,,'''.irii'`   I      '   '     '     i •951"  I
^ro, Mltlflt I- W, I

N/A
„n¢IH, cO,1| »/AVoluwt I,I

V^b. O€N.ltY tAI.. I I                                  .          .. .  ..     . .
N/A

tv~oFIA7loal i^TE
N./A-',''

colu.n.ITy in w^TtA
''   ,       i        I

I

^„EAi~tAnooooR         Blue-arohltla

sECTioN  iv    FiBEAryD  ExpLOSION  HAZAf`D  DATA                             .    .
I.Hroiwtiu.h~iJ...I            .a.ac   ilE  F I^"^l',,,W',,    I.   .'    I                 I             W             I             U,I            I

.,

•Itmaw.H"au..I^   in  chonia||.co,  or  Alcohol  fo L--
•ptci^ifi*emH"amfec:FrE'elf.aorfulned.-tr®athin£

..'    tl-       -i
.,,         .

uNUYilt,'on£ `#'H:°a®+°reH¥^tEL  &1r  arid  may  t£.'}el

aonBldenbl.  dlgtance  to  an  lgnltlon  8o a,

e      PAGE(1) (Conllnu.d  ®n  iev®r.a  ild®)
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"                                         sECTioN  vll    splLL OR  LEAK FF`ocEl]UnES

"jii'o°ee€ |^®k#|'rr,.£9f.o`#EL^|#®riL'|'n'°£'6i.|LLLnent|].Lted  &z:.a. I   .|1|[ln&t.  1gnltlon  .our...

Avau.Irm-off  into  storm  d®w8r8  aLnd  dltohee  whLcli  lead  to  n4tur.i  tr&t®It&yl

y.AIrE Oisp05^i u€iroo

In`ceneiatlon,  .blologlcal  treatmant. of  dllut.  aolutlor`.      I   .
`C

sEc.i.ION  vili     spEci^L pnoTEci.ION  iNFonMATloN
IIS.m^lo.t I.oltcllotl I.`o.a.' +...                                                                 I

V€'',H.A,low
.V'#A"I:'b^t'£'oorlato  to  control  emtlloyee  eJ{p dAurtrct^,l        .

uEC''^'''C^| 'C,,,,,'' a,,,I,    :     .

Pnc) ltc I lv€  o`avcs €'C!£:i'Ii'iT Eafett  loaHl.a
eLoa=£ni-I:=i+  hezL€    veB
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5eE5PRINIE/E

PBOPERTIES Ali`;` SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND VEETICAL STACKING

Ttiese  non.nitrclglycerin  emulsic]n  products  are  packaged  in  coriveniei
one-pound.   one.half,   c}ne-third.   and   C>ne-quarter  pounc}   cartricjges   an
formulated  to  provicle  a  seismic  PUIse  equal  to  dynamite  for  clear.  sliai
seismic recorc!s.

Al:hough  classified  as  high  explosive,  seispalME/E  emulsjons  are  nor
headache  and  have  excellent  resis:ance  tci  acc:ic]ert:al  detc>nation  by  frictictn  c
impact.

Spiral."Jc.und  li'4  to  lj'2-pound  Paper  carlr;c3ges  ar:,,easily  cappe.a.  £n
waxec] to sleep well.

PRODUCT                                          E-1                 E-1/2            E-1/3           E-1/4

Weight
Slze
Style
Density (gin/cc)

One Pouno.     1/2 PouncI   1/3  Pollnd   1/4 Pound
21/4x81;'211;'2x811/8x8            1x8

Velocity  (fps)  (un¢onfined.)             16,500

De!c>nation  pressure                             100

(kilobars/
Absolute  Bulk strength                     885

(caL''cc)
F}eiative  Bulk strengiri                        120

(ANFog100')

SIN              9IN              SIN
i.15                      1.15                     1.15

16,C)00            15,00C)            14,500

loo                 100                loo

775               775               77S

105                  105                  105

PACKAGING
Available  in  fciur sizes  to  meet  vertical  slacking  ani

•mihi-hclle"  applications. seis,PFtlME/E  in the orte-pouni

size   is   packaged   in  thin-walled,   easy  couplinl
cartridges  for  vertical  s{acking  or  larger  downholi
shots.

In  the   1/2  to   1/4-pound   sizes,   sejspBIME,'`E   i:

packagea' in spiral-woLjnd pa.per cartricjges,
All sizes have exce!lenT w'a[e.. resistance and can  bt

initiated with a #8 strength STATICMASTEFl oetonator,

57IA7YCAffl5FEF!€`  =iectri3 [I=teriators foi. Seismic =xpioratiot-i
DESIGNED  FOB  SEISMIC  WOBK  -  Exclusive  Atlas  electric  in,atch  provides  reliabli

cietonation  with  minimi)in  lag  time  and  scatter.  Full  #8  strength  explosive  output to  hell
insilre initiation of the seismic charge, even under severe conditions.

UNEXCELLED  PERFORMANCE  -Fiigid s{atjstical  quality ccintrol tests  are  performet
on  all  components  and  on  the  completed  detonator  to  assure  reliable  and  corisisten
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsulation  provide{
additional protection against shorting ot legwires  under extrenie conditions.

WATEB  AND  WEATHEB.PFIC)OF  .   Legwire  insulation  is  designed  to  withstan(
extremes of heat  and cold  and the  severe  conditions encoijnterea' in deep-hole  loading
All  detonatctrs  cclntain  a  double-crimpeci  rubber  plug  to  provide  a  water-tight  seal
Excellent firing  characteristics permit use  in single-hole or multiple-hole pattern shooting.

®          PROPEHTIES AND SPECIFICATIONS

®          :  P:;i:i:tn:::t:,emn:t:c-a::r. Less than a.o0l  secohd; even

®          .  g:ceormai:r;::dc';,:;:;tc':rjrnecnrte.a::g io amps DC, 4 to 10
an`os AC

0            .  Wa..ier immersic>ndepth  (max.1ested)-500feet
I  Bridge\`iire resistance  .  C),9 C)hms

®             .  De!onatc>r shell  -Gilding  metal

a        REDucEDSENsmvlTy
TO EXTBANEOUS ELECTPICITY

A  speclal  bridgewire  and  the  SF  feature  in  the  electric  match
provic]e  reouceo.  serisitivlty to  sla{tc  electricity.

OPEPATING AIDS
With  recommended  firing  currents,  §TATICMASTEB  electri(

detonators meet all  reqLlirements for series (iring.
WARNING  -  Dc>  not  use  STATICMASTEB  electric  c}etonators  ir
tlie same circuit with c)ther types or brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

duplex  copper  lead  wires  (yellow  color)  in  lengths  of  40.,  60'.  80`,
100`.120',150',160'.  200`,  250.,  300',  and  40C)`;  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yellc>w)  measuring  12',  20',
and 24`.
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HAZARD   OU   S         CHEMI   GAL MATERI   AI,      S   AF   ETY      DATA

F' . I  ''3

SHEET

ATLAs  pounER  cOREANy
15301   DALLAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

2.     PREPAREI)  BY:       P.I.   Therriault            I)ATE:        06-24-88

3.     rmlcAL  "ERGENcy. TEI.EPHONE  tlunERs:

EAST   OF  THE  MISSISSIPPI:      717   -386   -   4121
REST   OF  THE  MISSISSIPPI:      417   -624   -0212

REVISION:      ODe

a        4.     TEE  IATmlAI.s  DEscRIEEI>  IN  "Is  I]ATA  SHEET  ARE:

•                                   RAZARDOUS   CHEMICAL   INGREDIENTS

a        5.      cH"ICAL  AND  com{ON  MARE(s)   OF  RAZARDOus   cE"ICAL  HlxTURE/INGREDIENTs:

a Apex-All  Grades,   RXL  614,   RXL  615,   PowerAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  Ingredients  Include:
A"oniuai Nltra,te
Diesel  Oil  (In  Some  Formulas)

TSCA                        GAS                             RTECS
LISTED                      NO.                                  NO.

1.               6484-52-2 BR9050000
Y            68334-30-5            Nct  Listing

Note:     See  MSDS.for  AmoniuD  Nitrate  I'1us  Fuel  Oil

6.      PHYSICAL  AND  CE"ICAL   CHARACTERISTICS:
Vapor       Flash    }£elting    Boiling     Speci£1c

Pressure    Point    Point°c    pc|int° C     C=avitv
Mol,
J!i     £4PE    Appearance

Amoalufl  Nitrate            0                 d              155              190               I.725          83         None    tThice   soliE
Diesel  oil                    ad            nd
11ixtu=e                               Ne g.           nd

A        7.      PFTSICAL  HAZARDS:

0

nd  =  tw.a   Data

nd        147.371          0.87            nd     Pungetit  Brom  Liqui=
nd             125        I.I   to   1.3     NA          None     Thi!e   Greas=

d  =  Dissociates       na  a    Not  Appli€able

Amclniun  Nitrate  -DOT:     O:{1dizer
Mix[ure    DOT  Explosive,   Blasting  Agent

6.      HEAL"  IIAZARI)S:
.,---,-,.    =`"     --.- _

carcinogen
Corrosive
nghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feccs

9.      PR"ARY   ROUTE(S)   OF  ENmY:              NO   Data

10.      PERESSIBLE  EXPOSURE  I,HITS:         NO  Data

Diesel  Oil:     Flammable

----. =---I  _

Ref:   Regls[r:`'  of  Toxic  E££eets
of  Chemical   Substarlces   (RTECS)

N  =     Nci   G=iterla  Match
Y  I    Poslclve  Criteria  Match

per   RTECS
nd   I     No   Data



11.      LISTINGS:

unERIAIJ

AV
SN
SP.
EDDN
DO

Enulsions/Ah.FO   Blends
Page   2

NIP  ANNUAL   REPORT                   IARC
ON   CARCINOGENS                        MONOGRAPHS

No
No
No
No
No

12.      cENERALLy  AppLlcABLE  pRECAUTloNs  roR  SAFE  HAmLING  AND   USE:

HYGIENIC  PRACTICES:

Avoid  Skin  and  Eye  Contact.     Avclid  Breathing  Blasting  Funeg.

OSTIA
CARCINOGEN

®                     pROTECTlvE  rmAslrREs   DURING  REPAIR  AND  RAINrENANCE  OF  cONTAmNATED   EQulpENT:

®
®

®

®

®

Use  rlon  sparking  tools,  avoid  open  flame,  wear  nor"l  safety  equipment,
Such  as  safety  glasses  and  hard  hat.

pROcmt]REs  FOR  cl,EANup  oF  splLLs  AND  LEAKs:

Bulk  Product:     Isolate  and  contain  spilled  material.   Contacc  Discribucor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datnaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  with  all  Federal  and  S[ace  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Center   (800-424-8802)   and  the  local  Police,

A        i3.    coNTRol,  insuREs:

ENGINEnINc: Follow  BATE  scaridards   for  storage   (27   CFR   151   Subparc   3)
Except   for  Bulk  products,   see  "Do's   and  Dorl'Cs  -Instruccioris  a.nd

WaLrT}1rlgs"   -  found  in   every  shipping  case.
See  Insti[uce  of  Hakers  of  Explosives  Publicat:ic]ns.

WORK  PRACTICES:      Follow  OSEA   Standards   for   Storage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products,   see  "I)o'§  a.nd  Don'ts  -Instructions  and

Warnings"  -  £ouad  in  every  shippiQg  ce§e.
See  Inscicute  o£  Makers  of  Explosives  Publications.

PERSONAL  PROTECTIVE   EQUIPRENT :

Avoid  Coxlc  fumes  from  blascirlg,  wear  riorp.al  protective  equip.ent,
such  as  Safety  glasses.  hard  hats,   eta.

i4.     RERCEh'cy  AND  FIRST  AII]   pROcmuREs:

I)o  riot  attempt  Co  fight  fires  involving  explosives.
|medlately  evacuate  the  area.     Avoid  cctxic  fumes  frota  fires.
h  cage  of  skin  coricact,  uash  affect:ed  area  `.1th  water.     Eye  coticact  -
flush  eyes  for  a[  least  15  air`u:es  and  consult  a  Physician.

15.      DISCLAIRER: The  above  information  taken  from  various  publl6hed  and  unpublished
sources  ls  believed  to  be  accurate  and  rep:esents  the  best
lnfortracion  currently  available  to  us.     Houever,  we  make  Ilo  uarranty
of  the  accuracy  ot-such  informatlon,   express  or  lnplied,   and  assutne
no  liability  resulclng  from  its  use.     Users  should  tDake  their  oun

#:=:ts8=:ig3£a:°p3:;:::±Te  the  Sultabillty  of  the  inf ormacion  for




