
®

®

®

®
®

®

®

®

®

®

®

®
®

®

®

®

®

®

®

®

®

®

®

®

®

®
®

®
®

®

®

®

Seismic Reflection Survey:
Health and Safety Plan

Kansas Geological Survey
Exploration Services Section

Ash Grove Cement Company
Omaha, Nebraska

April 2003

Open-file Report #2003-18



®
®
®

®
®

®

®

®

®
®

®
a
®

®

®
®

®

®

®

®
®
®

®

®
®
®
®
®

®

®

®

®

Proj ect Name:

IJocation:

Plan prepared by

Plan approved by

Kansas Geological Survey Exploration Services

Accident Prevention plan

Feasibility of High Resolution Seismic Reflection to Map a Drill Inferred
Irregularity in Pennsylvanian/Mississippian Contact and Delineate
Bedding within a Massive Limestone over 600 ft Dear

Omaha, Nebraska

Signature

KGS Safety Officer

Plan has been reviewed by the following crew members:

Name (i]rinted) Signature

Date

Date

Date



®
®

®

®
®
®

®

®

®
®

®

®

®
®
®

®

®

®

®

®

®

®
®

®

®

®

®

®

®

®

®

KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJECT DESCRIPTION

Proj ect Name:

Location:

Feasibility of Hich Resolution Seismic Reflection to Map a Drill
hferred Irregularity in Pennsylvanian/Mississippian Contact and
Delineate Bedding within a Massive Limestone over 600 ft Dean

Omaha, Nebraska

Site safety officer:     Richard D. Miller

Plan prepared by:        Richard D. Miller

Estimated Duration ofField work:    5 days

11.        STATEMENT OF WORK
This high-resolution seismic reflection study will attempt to image the feature responsible for a

discrepancy of more than 400 ft in the top of the Mississippian between two boreholes located less than a
half-mile apart arigure 1).  The primary goal of this study will be to map the uppermost Mississippian
limestone and the basal Pennsylvanian contact.  It is critical that this contact be napped with sufficient
detail to allow a reasonable description of the feature and likely process responsible for the apparent
inconsistency between coreholes 02-17D and 02-18D.  Of secondary interest is the delincation of any
tthin chert, quartz, and shale stringers that might be present within the massive (over 100 ft thick)
Mississippian limestone encountered in hole 02-17D around 650 below the ground surface.  With the
Midcontinent Geophysical Anomaly (MGA), also called the Midcontinent Rift, immediately west of the
study area and the northern edge of the Nemaha Ridge immediately south of the study area, extreme
structural and depositional features are locally possible.  Staterof-therart shallow high+esolution seismic
reflection techniques possess the potential to detect, delincate, and evaluate the locally complex struc-
tures and stratigraphies suggested by borings and possibly associated with the two major structural
features (MGA and Nemaha RIdge) mapped in this area.

The project will consist of two major phases:  testing and produetion.  The testing phase will
commence as soon as a mutually agreed time can be arranged between the Kansas Geological Survey
Q[GS) and the Ash Grove Cement Company (AGC).  The testing phase will consist of walkaway tests
near the planned survey lines.  Walkaway noise test data will be gathered according to common shot
station and receiver offiet and separated into distinct groups according to recording parameters (source,
receiver, recording parameters, etc.).  The quality and potential of the test data will dictate if the project
proceeds to the next phase and the acquisition approach taken during the produetion portion of the
prQject.  Both KGS and AGC will jointly detemine if the produetion phase will commence.

Seismic images and the resulting geoloctc interpretations of those seismic images will be opti-
hized to include the entire Mississippian limestone of interest and the bottom several hundred feet of the
Pennsylvanian section in this area.  This optimization requires the high-resolution reflection data cor-
relate to existing ground truth (borings 02-17D and 02-18D) with a high degree of confidence.  Shallow,
high+esolution seismic reflection techniques have been successful delineating stratigraphic and struetural
features associated with a variety of tectonic and depositional features throughout the Midcontinent
(Miller et al., 1990b; Geier,  1999; Miller et al., 1995b).

Omaha, Nebraska Page I April 2003
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Figure I. Site map with proposed lines along the north and south property boundaries of the Lyman-RIchey Plant #8.

Seismic data from this study could play an important role in improving the overall understanding
of the nature and consistency of regional-scale structures and stratigraphies as observed on the high-
resolution seismic reflection profile acquired over the Nemaha Ridge between St. Marys and Manhattan,
Kansas.  Correlating the findings of this survey with the Kansas data could help establish extent, timing,
and regional consistency of tectonic features observed on seismic data and inferred in Kansas from drill
data.

Accurate time-to-depth conversions of CMP stacked seismic reflection data is critical to accurate
geologic interpretations in highly altered or geometrically complex subsurface setting.  Uphole velocity
surveys may be important add-ons for future drilling programs.

This study will focus on:   1) application of minimal to noninvasive, high-resolution seismic tech-
niques in this alluvial near-surface setting, 2) maximizing the resolution potential Goth horizontal and
vertical) in this potentially complex structural setting, 3) optimizing source and acquisition geometries
for resolution and survey economics, 4) correlating seismic data with borehole data, 5) delineating intra-
limestone beds as thin as a few feet at over 700 ft below ground surface, 6) 3-D geometry of the feature
responsible for the discontinuity between the two coreholes on the Lyman-Richey Plant #8, and 7) estab-
lish analogies and possible chronologies as they relate to structures observed on seismic profiles studying
faulting near the Nemaha Ridge in north-central Kansas.

Omaha, Nebraska Page 2 April 2003
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The production data will require 4 to 6 days (depending on conditions) and will follow well-
established shallow high-resolution data acquisition procedures (Hunter et al., 1984; Knapp and Steeples,
1986; Steeples and Miller,1990).  The basic structure of both the acquisition and processing flow will be
roughly designed around the findings of the preliminary testing.  Production data will be acquired in a
standard CDP fomat (Mayne, 1962)
using roll-along acquisition techniques
similar to conventional petroleum explor-
ation data acquisition.  Ideally, an uphole
or check shot survey should be acquired
in a nearby borehole to enhance confi-
dence and preliminary event identifica-
tion.  Step-by-step analysis during the
acquisition and processing phases of the
survey will be continuous with appropri-
ate modifications made if deemed neces-
sary to ensure the quality of the final
product.  The geophone spacing, seismic
source, source spacing, optimum fold,
geophone type, spread geometry, samp-
ling interval, total samples, shots/point,
and acquisition philosophy will be based
on extensive pre-production tests.

Geologic and Geophysical Setting
The study area lies immediately

north of the Nemaha Uplift (Ridge) and
within an area that has been strongly in-
fluenced by the tectonic activity associ-
ated with the Precambrian Midcontinent
Rift System (MGA) (Steeples,  1995)
¢igure 2).  The Nemaha Ridge is a bur-
ied granite mountain range that formed
about 300 million years ago near the end
of the Mississippian and beginning of the
Pennsylvanian.  From subsurface data
alone it is currently interpreted to extend
from roughly Omaha to Oklahoma City
(Figure 3). h some places along the east-
ern front of this mountain range elevation
changes of over 2000 ft in less than three
miles horizontal have been documented
(Cole,1976; Geier,1999).  The faults that
bound the RIdge are still slightly active
today, especially the Humboldt fault zone
that forms the eastern boundary of the
Nemaha Ridge.

About 50 miles west of the
Nemaha Ridge in Kansas is the MGA, a
zone of the earth's continental crust that
was ripped apart and filled with oceanic-
type crust @asaltic rocks) about 1 . 1

Omaha, Nebraska

.                                  Oklahoma

090 070                    95'

11000

*  study area
'ndt

• mk~hquake
OHcomj

0   50fro

Figure 2. Microearthquakes recorded by the Kansas Geological
Survey between August 1977 and August 1989 are size-coded by
local magnitude. The largest event had a magnitude of 4.0 and the
smallest had a magnitude of 0.8 on the Richter Scale (from
Steeples,  1995).

Figure 3. Major regional tectonic features that are apparently
related to earthquake activity. Nermha County is the locality where
the Nemaha RIdge was discovered by drilling in the early 1900's
(Kansas Geological Survey,  1989, Bulletin 226).
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billion years ago. This rift zone extends from central Kansas
northeast across Nebraska, Iowa, and Minnesota, and into the
Lake Superior region. Why the rifting stopped after only spread-
ing about 30 to 50 miles is not known; but if it had not stopped,
the United States would have likely separated into two different
continents with the present day Kansas split by an ocean which
would have provided beach front property near present day
Salina, Kansas.

Considering the proximity of the study area to the
intersection of the MGA and Nemaha Ridge, regional faulting,
folding, and fracturing of mid-Pennsylvanian and early rock
layers would not be unexpected.  Two coreholes located within
a half-mile of each other and reported to be less than 2 miles
from a basement granitic intrusion (suggested to be part of the
MGA) were drilled by AGC and provide the essential ground
truth for this study (Figure 3).  Rocks encountered in the two
boreholes were interpreted to be dramatically different below
about 400 ft.  This difference is most clearly seen contrasting
the lithologies below the thick Pennsylvanian shale that rests
unconformitably on a Mississippian limestone in hole 02-17D at
about 570 ft (Figure 4) with the same Pennsylvanian shale in a
second hole 02-18D immediately northeast where the thick
Mississippian limestone is replaced by at least 400 ft of cyclic
Pennsylvanian sequences.

Indicative of the unique evolution of this rift/ridge area
is the presence of pennsylvanian elastic basal strata near the
eastern Nebraska-Kansas border on the eastern flank of the
Nemaha Uplift.  The coarse, feldspathic sandstones and con-
glomerates derived from Proterozoic granitic basement of the

scale break

Figure 4. General log of hole 02-17D.

Nemaha Uplift that make up these strata show upward transi-
tions from coarse, poorly-sorted, clay-cemented, feldspathic sandstones into shales and/or mudstones
with paleosols (Joeckel et al., 2002).  Once the lithologic interpretation of the core from 02-18D is com-
plete, the number of possible scenarios relating to geologic setting, lithologies, and structures should be
reduced.

Experimental (Testing) Phase
Experimentation will focus on a series of tests designed to evaluate a variety of acquisition

methods and parameters.  These experiments will revolve around walkaway noise tests, which involve
recording data from a variety of sources and source locations, using various configurations, into a fixed
spread of receivers.  These data will be recorded on a 24-bit, 240-channel Geometrics Strataview
seismograph.  The test spread needs to be located in an area with a uniform, relatively undisturbed
subsurface, far enough away from the highway to minimize the recorded vehicle noise and the known
geologic anomaly to avoid wave field abnormalities.  Considering the drill data from this site, testing will
best be accomplished in the northwest comer of the site a7igure I).  It will likely take around half a day
to complete this aspect of the program.

At some time during this seismic program it may prove beneficial to acquire a vertical velocity
survey in an open borehole.  Since seismic methods measure earth response in time, to make direct
correlations and comparisons to drill data  (which is measured in depth) a relationship between time and
depth must be established.  Borehole velocity surveys are designed to measure the acoustic travel time
from the ground surface to specific layers at various depths in the subsurface.  The resulting measured
velocity function would be used to establish the accuracy of the estimated velocity function, which will

Omaha, Nebraska Page 4 April 2003
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be derived from curve fitting and semblance routines during the processing of the CMP data.  Defining
the earth's velocity function using one-way travel times greatly enhances the correlation of reflections to
reflectors and therefore greatly improves interpretations of depth and bed thickness on CMP stacked
section.  Vertical velocity measurements provide a measure of true average velocity for establishing a
realistic time-to-depth conversion for two-way travel time CMP stacked sections.

A walkaway spread will be deployed along the west end of line 1.  The walkaway will consist of
source-to-receiver offsets ranging from 8 ft to approximately 1900 ft.  The receiver interval for this
testing will likely be 8 ft.  The 8-gauge Auger Gun (IIealey et al.,1991) (requiring only class C explo-
sives), 50-cal downhole, and IVI Minivib high-frequency vibrator will be available for testing (Figures
5a, 5b, and 5c).  This testing will determine which source is optimum for the near-surface conditions,
target depth, resolution requirements, and environmental constraints.  Each source tested will be evalu-
ated with as near equivalent conditions and parameters as possible.  Experience with source testing
(Miller et al.,1986; Miller et al.,1992; Miller et al.,1994; Doll et al.,1994) will greatly enhance both the
quality and the efficiency of source evaluations at this site.

The receivers available for testing will include both double 40 Hz Mark Products L-28E geo-
phones and triple 10 Hz Mark Product U2w geophones wired in series (Figures 6a and 6b).  The 10 IIz
geophones will be tested first, and from previous experience will probably produce the best response.
The need for a strong signal from geophones with a high spurious noise threshold is paramount and from
previous experience it is known that lower quality geophones will not produce the desired output within
the desired frequency band.  If at any point during the noise testing an optimum parameter or component
is identified, the affected portions of the remaining tests could be bypassed.

Data collected during the experimental phase of this survey will be reduced to the appropriate
final display format on site.  All walkaway noise tests will be displayed according to source-to-receiver

Figure 5a. Auger gun (12 gauge and 8 gauge).

Figure 5c. IVI nrfuvib.

Omaha, Nebraska Page 5

Figure 5b. Vehicle-mounted 50 cal. downhole
source.
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Figure 6a. Double 40 Hz geophones with l4 cm spikes.                    Figure 6b.10 Hz ultraphones with l4 cm spikes.

offset with separate displays for each source, receiver type, and low-cut filter tested.  The final walkaway
sections will be trace balanced and displayed in a variable-area wiggle trace format.  Spectral analysis
will be used in conjunction with forward modeling to determine the basic characteristics of reflection
data collected with each of the sources tested.  Determination of source configuration and field param-
eters for the CMP production lines at each site will be based on analysis of all walkaway tests.

Production Acquisition
Optimally, two sub-parallel profiles will be collected along the north and south property boun-

dary of the Lyman-Richey Plant # 8 (Figure 1).  This line orientation will provide the optimum subsur-
face coverage for a minimum of cost and time commitment.  A 240-channel rolling spread compressional
wave survey will be acquired along and through the tree line near the northern property boundary and in
the north railroad ditch along the south property line. Both profiles will extend into the State land located
immediately east of the eastern Lyman-Richey property line.  The two profiles will each be approxi-
mately 2 miles long with the boreholes located between and in the eastern one-third of the survey area.

Based on previous experience, the IVI Minivib will be the source of choice to acquire data along
the northern boundary and either the 8-gauge auger gun or 50-cal downhole projectile source the source
of choice in the railroad ditch.  The minivib is a non-invasive high frequency vibrator that puts less than
3 psi pressure on the ground surface, thereby minimizing ground deformation and optimizing mobility
while providing over 4000 1bs of force at 200 Hz.  The downhole sources on the other hand are small,
maneuverable, minimally invasive (2" hole, 3 ft deep), and if they deliver sufficient energy to depth, will
provide a very high frequency repeatable energy pulse in most alluvial settings with a shallow water
table.

A source spacing of around 32 ft seems most reasonable to efficiently achieving the goals of this
program.  Receiver spacing will likely be 16 ft; this determination is based on experienced analysis of a
15 mile long CMP profile across the Nemaha Ridge near Wamego, Kansas, that was acquired in the
summer of 1997 by the KGS.  As at this site, the near-surface material along the Wamego, Kansas, pro-
file was river valley alluvial (Figure 7).  These Kansas data were acquired with 55 ft source and receiver
spacings and do not possess sufficient detail, sampling, and resolution to confidently map key features
that might be observed at this site.  Therefore, reducing the receiver spacing to 16 ft and source spacing
to 32 ft should best match the seismic data characteristics with the local geology and borehole data. The
equipment parameters chosen to record the CMP lines will incorporate the results of both walkaway
noise tests and previous experience studying similar targets at similar depths.

The fold (redundancy) and sampling frequency (spatial and temporal) proposed here should
provide sufficient split-spread source/receiver geometries and trace separations to produce velocity maps
at accuracy levels of 10% or better and detect bed offsets or material changes at horizontal and vertical
resolutions on the order of 40 ft and 15 ft, respectively.  Of key interest will be the geometry of layers

Omalia, Nebraska Page 6 April 2003
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that can (above 660 ft) and cannot @elow 660 ft) be correlated between the two boreholes.  Recently
developed conceptual geological models for this site explain the discontinuity observed in the two
boreholes as either indicative of Late Mississippian or Early Pennsylvanian faulting or erosion (large
incised valley).

The production acquisition phase of this project will begin after the testing phase is completed
and KGS and AGC are satisfied with the parameter design.  The data should be acquired in four days or
less.  Acquisition equipment in general and source and receiver selection in particular will be a quali-
tative choice based on frequency, potential penetration depths, quantity of ground roll relative to body
waves, and physical site and near-surface constraints.

The data will be acquired using a CMP fixed rolling spread technique, which will result in
nominal 30-fold CMP stack sections with trace or subsurface sample spacing of 8 ft.  Parameters such as
sampling interval, record length, and sweep settings will be determined after careful examination of the
dominant frequency and usable bandwidth of reflection energy on walkaway data.  The production data
will probably be acquired using an asymmetric split spread source/ receiver geometry to enhance contin-
uity and increase velocity and dip control.  The source-to-nearest receiver offset will likely be on the
order of 12 ft with a maximum source-to-receiver offset range from about 1000 ft to approximately
2900 ft (optimum range is between 50 and 1200 ft).  Modifications to the source/receiver geometries and
offsets may be necessary after analysis of the data acquired during the testing phase.

drfflTop Of Shawnee  /Top of Lansing  d#Base ot Kansas City  /Top of Hunton d4Viola umestone ~recambrian granite

Figure 7. Hunboldt fault zone interpreted on seismic data collected between St. Marys and Manhattan, Kansas.
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Final design of the field geometries will be based on analysis of potential (using physical proper-
ties derived from the test data) versus required resolution (Miller et al.,1995a).  The quarter-wavelength
criteria of Widess (1973) will be used to determine the best vertical resolution with equipment and near-
surface conditions present during the acquisition of the test data.  The potential versus actual horizontal
resolution will be based on the radius of the theoretical Fresnel zone.  Oversampling of the first Fresnel
zone will not exceed 15 times (Miller et al., 1990a) while a minimum of four times will be maintained
throughout the survey (Knapp and Steeples,1986).

QA/QC
The data acquired and processed on this survey will be managed to ensure the highest quality and

most accurate acoustic representation of the geologic setting possible.  Cunent state-of-the-art techniques
will be used in a fashion that is appropriate and verified with step-by-step QA/QC.  The most important
®ossibly even essential) information provided @esides the CDP stacked section itself) will be samples of
shot gathers after passing through key intermediate processing steps.  This information allows the
geophysicist and geologist to make determinations as to the authenticity of processed seismic sections.
Seismic processing software and techniques are very power tools that, if not used properly, can and most
likely will result in unrealistic interpretations.

The equipment and recorded data will be continuously monitored during acquisition to ensure the
highest quality CMP stacked section.  The response amplitude of receivers will be monitored using a
modified tap test performed after the planting of each geophone or group of geophones.  The continuity
and leakage of each active station will be meter-monitored prior to each shot.  The system will be subject
to a series of pre-acquisition tests designed to insure the integrity of analog filters, consistency in system
noise, and precision in digitally stored data.  Visual analysis of general signal-to-noise ratio, environ-
mental noise, DC bias, and variations in the optimum recording window will be perfomed on at least
every fifth field plot.

Production Processing
High-resolution seismic reflection data, by its very nature, lends itself to over-processing,

inappropriate processing, and minimal involvement processing.  hterpretations of high-resolution
shallow reflection data must talre into consideration not only the geologic information available, but also
each step of the processing flow and the presence of reflection events on raw unprocessed data.  Pro-
cessing for the reflection portion of this study will include only operations or processes that enhance
signal-to-noise-ratio and/or resolution as determined by evaluation of high confidence reflections inter-
preted directly on shot gathers (Figure 8).  For the most part, processing of high resolution shallow
reflection data is a matter of scaling down conventional processing techniques and methods; however,
without extreme attention to details, conventional processing approaches will produce undesirable arti-
facts.  h-field processing of the reflection data will result in a brute stack used to insure the data acquired
are of sufficient quality to provide meaningful interpretations and to permit the merging of the different
modes when final processing is completed several months after leaving the field.  h-field processing will
be coincident with data acquisition and will not impact the full day field schedules.

The basic architecture and sequence of processing steps to be followed during the generation of
the final stacked sections will be similar to conventional petroleum exploration flows (Yilmaz, 1987).
The primary exceptions relate to the step-by-step QC necessary for the highest confidence interpretations
of shallow features and realization of full resolution potential (Miller et al., 1989; Miller et al., 1990a;
Miller and Steeples, 1991) (Figure 8).  Specific distinctions relate to the emphasis placed on velocity
analysis (Miller, 1992),lack of extensive wavelet processing, care and precision placed on muting, step-
by-step analysis of effects of each operation on reflected energy, limiting statics operations to maximum
shifts no greater than one-quarter wavelength of the dominant reflection energy with large correlation
windows, and coincident iterative velocity and statics analysis.

Each analysis step in the processing flow will be available for critique.  Any additional informa-
tion requested during the processing flow will be generated within a reasonable amount of time (amount
of time determined jointly).  All digital information will be delivered on the requested magnetic media
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(if readily available).  All hardcopy
displays of analysis steps as well as
any specially requested data displays
will be delivered on 300 dpi plots.
Horizontal and vertical scale on hard-
copy displays will be set to maximize
the analysis potential of these and
existing data.

Special emphasis will be
placed on all the analysis portions of
the processing flow.  It has been
proved necessary and most effective to
do velocity, spectral, and on certain
occasions deconvolution analysis on
every CMP (Steeples and Miller,
1990).  Many times variability in near-
surface materials and/or conditions
require changes in processing param-
eters over distances of less than 20 in.
To insure the highest quality geologic-
ally representative stacked section,
velocity analysis on every CMP is
necessary.  h association with point-
by-point analysis, care must be taken
to ensure that all coherent events inter-
preted on stacked sections as reflec-
tions are indeed reflections.  Biasing
processing parameters to enhance
events intelpreted as reflections that
are actually coherent noise must be Figure 8. Processing flow.
avoided at all cost.  Differentiating
reflections from direct wave, refractions, air wave, and ground roll in the early portion of a stacked
section is an extremely difficult task and must not be taken lightly.

As much effort as possible will be made during processing of this data to interact with AGC staff
to insure the most accurate stacked seismic reflection sections.  The interpretation stage of this project
will be critical and should involve integration of geophysical with geologic models.  htexpretation of the
resulting Chff stacked section and generation of associated geophysical models will require a
cooperative effort to produce a representative cross-section.

Geologic Interpretation
Geological interpretations will, for the most part, be consistent with well-established concepts

and practices with particular emphasis being placed on velocity analysis, layer resolution, and reasonable
bed variability when making geologic inferences.  Based on the proposed acquisition and processing plan
it should be possible to coincidently interpret both seismic profiles and the corehole data in such a way as
to produce a pseudo 2`/2-D section of the subsurface at this site.  Faults and folds, as well as major depo-
sitional or erosional features that have been proposed based on corehole samples from this site, should be
correlatable between the two planned seismic sections.

It will be the intent of this survey to provide a geologic interpretation of the subsurface, loosely
correlating maj or reflections with reflectors and identifying any disturbance in the otherwise uniform
bedding expected in this part of the mid-continent.  Extrapolation of areas interpreted to have folding,
faulting, or depositional/erosional variations beyond the survey lines will depend on degree and apparent
consistency of interpreted features on seismic profiles.  htra-bed variability in layers identified in core

Omaha, Nebraska Page 9 April 2003
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data will be interpreted if the survey resolution permits.  Changes in average material concentrations (i.e.,
thickening of a chert or shale layer within a thick limestone unit) will be studied and estimations made if
data quality permit.

Overall Project Goal
The goal of this study is to determine the feasibility of imaging and resolving structunl and

stratigraphic features within the upper 1000 ft consistent with interpretations guided corehole samples
taken within a quarter-mile of the proposed seismic lines.  The results of this study will include:  an
overall appraisal of the high-resolution seismic method (resolution/signal-to-noise); time-tordepth
converted interpreted Chff stacked sections focusing on sitewide correlation of geologic units; an
empirically based geologic cross-section correlating layers between boreholes and across the site;
structural features and potential mechanisms associated with this localized feature; evaluation of
confidence in extrapolations between stacked section and boreholes; comparison and contrast with
seismic data along the eastern side of the Nemaha Ridge; and evaluation of cunent equipment and
methodologies addressing these kinds of geologic problems in this type of setting.
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Ill.     RE s roNslBILITIE s

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

h addition to the safrty procedures indicated herein, we will adhere to the following:

1.     In the event of electrical 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.  Maximum hydration of staff
will be strived for at all times.

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

4.     Safety glasses will be won 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 availal>le on-site.

6.     h the case of excessive cold weather, a sheltered area will be available with inside tempera-
tures atve 32° F.

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

8.     Appropriate drivers licenses will be held by operators of vehicles at all times (KDOT regu-
lations).

9.     AIL explosive or flanmable 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 apecificatious.
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IV.       SAFETY PERSONNEL

Srfetv Personnel and Emergencv Contacts

1.    RIck Miller urGSLsite safdy officer

2.    David Laflen (KGSLOperatious

3.     Jeff Beech (AGC)+Delegated Representatives and site supervisor
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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 [snckes, etc.])

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

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

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

I      Emergency procedures (inj.uries, property daniage, potential problems)

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

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

The following people were present today:

Name (PRINn                                 Company sigriature

Site Safety Officer
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Safety Meeting at Survey Site Date:

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

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

D      Vehicle safety (road travel, waning signs, traffic control)

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

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

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

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

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

The following people were present today:

Name fpRINn                                 Company Signature

Site Safety Officer
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Safetv Meeting at Survev S te Date:

g      Gun/explosives safety (handling of anmo, use of sources, cleaning and maintenance)

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

1      Vehicle safety (road travel, waning signs, traffic control)

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

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

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

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

I      First Aid ¢eat stroke, frostbite, aninal bites, etc.)

The following people were present today:

Nanie (PRINT)                                   C ompany Signature

Site Safety Officer
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Safetv Meeting 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, waming signs, traffic control)

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

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

I      Emergency procedures (injuries, property ¢anage, potential problems)

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

E      First Aid meat stroke, frostbite, animal bites, eto.)

The following people were present today:

Name (PRINn                                 Company Signature

Site Safety Officer
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V.        EMERGENCY INFORMATION

Nebraska state patrol                              1 -800-525-5555 (or *55 on cellular)

Cass county sheriff (AGC site)          /402` 296-9370 (in plattsmouth. NE

Sarpy county sheriff@W motel)      (402) 593-2288 (in paoillion. NE)

Emergency Medic al-Ambulance
Midlands Community Hospital
Alegent Health

911

402) 593-3300 (1111  S 84th Street. PaDillion. NE
402) 593-1700 (8074 S 84th Street. Lavista. NE`

Lodging-BW white House Irm:       (402` 293-1600 (305 Fort crook Road N. Bellevue. NE)
DIRECTIONS:  Coming North on US75, exit on Cornhusker Rd, turn right, go ~t/2 mi to
Fort Crook, left on Fort Crook ~'/2 mi, is on right side of the road.  See map next page.

AGC EmerEencv Contacts

AGC Plant (402) 234-3415
Jeff         ext. 271
Howard  ext. 266
Operator for paging, dial 0

KGS EmerEenev Contacts

Safcty Coordinator and Proj ect Manager
Rick Miller, Kansas Geolodcal Survey

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

KGS Satrty Officer
Kathy Sheldon, Kansas Geological Survey

Office:  785-864-2109
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Procedures

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

Several members of the KGS crew have certification in CPR/First Aid through 2/6/01.  This
ccertification was received though participation in the `Standard First Aid" and "CPR for the
Pprofessional 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.

The following persons are certified as indicated (strikethrou8h denotes no certification) :

Certified in:      First Aid       CPR        40hr OSIIA      Rick Mller

Certified in:      First Aid       CPR        40hr OSIIA      David Iraflen

Certified in:       First Aid       CPR        40hr OSIIA      Joe Anderson

Fire/Explosion:  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 anmunition 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 AGC
demolitions personnel will mannge and respond to any situation.  If class "A" explosives were
uused, prior consultation and contact would be made with the appropriate emergency response
groxps.

At least one KGS vehicle will be onisite 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 AGC, with
copies availal]le on-site for inspection by local authorities.
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VI.      TASK SPECIFIC HAZARDS

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

Downhole Auger Gun
One of the geophysical tests proposed to be employed requires the use of an auger gun

(shotgun t)pe device) to introduce energy into the ground urealey et al.,1991).  This device
consists of a small skid-steer loader with an attached auger/screw.  The operation consists of
(1) screwing the hollow stem auger approximately 3 ft into the ground, (2) retrieving the center
bit, (3) loading the shell in the firing tube and lowering the tube until it latches in place, (4) firing
the gun by impacting the top of the firing tube with a small hammer, and (5) unscrewing the
auger from the ground.  The auger gun uses a b/d#k 8-gauge or 12-gauge shotgun shells fired
below the ground surface in a downward direction.  The device is bullt to minimize any danger to
persons handling and moving the device, as well as avoid leaving any residual materials in the
ground.  The shotgun shells will be secured in a specially designed steel, lockable, explosives
box attached to a vehicle at all times.  The operation/safety rules and regulations for the auger
gun are presented as an appendix to this plan.

Sledgehammer
The sledgehammer is a well understood and availatle souree of acoustic energy.  The

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

IVI rmvib
The Mihivib is a hydraulically powered vibrator designed to shake the ground in a very

controlled fashion over about a 4 to 8 second time duration.  The device is hydraulically powered
with no moving parts that possess an entanglement potential.  Energy is delivered to the ground
by this device through a hydraulically powered pad approximately 3 ft in diameter mounted on
the belly of the vehicle.  The pad is lowered from beneath the vehicle using the vehicle's weight
as holdrdown pressure.  The pad is vibrated by a hydraulic servo delivering frequency-varying
energy to the plate over a preset time duration.  No moving parts are exposed with the maximum
movement of the pad relative to the vehicle less than 2 in.
Control Measures
1 ) This vehicle is center articulating and requires care when turning that no one is within 20 ft of
the vehicle.
2) Safe operation of the vehicle is documented in the operator's manual provided by the
manufacttuer.
3) Hearing protection is required within 50 ft of the vehicle.
4) All shields are to remain in place while the vehicle is in operation
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5) Hydraulic pressures of more than 1500 psi are routine during operation.  No maintenance or
service will take place while vehicle enrine is running.
6) Quick inspection is necessary prior to lowering the pad.

50-ca]. Downhole
The downhole .50-caliber seismic source consists of a .50-cal. rifle bolted to a 0.6 cm

thick steel plate.  The rifle itself is a standard .50-cal. breech and bolt, built by Texas Gun and
Machine Company, attached to a standard .50-cal. machine gun barrel.  Machined grooves in the
barrel are used in conjunction with a pressure clamp to attach the rifle to a 30 cm by 90 cm steel
plate.  The rifle barrel is lowered into a 60 cm to 80 cm deep borehole 4 cm in diameter until the
plate is flush with the ground surface.  This steel plate acts as a ground seal and a platfom to
stand on while firing the gun.  The weight of the shooter on the plate and the snug fit of the barrel
to the borehole walls help seal the gun to the ground.  The rifle can be equipped with a source
sensor or closure switch to generate a time break.  Firing can be done either electrically by
solenoid or manually by pulling the trigger.  The downhole .50-cal. weighs about 30 kg and is
easily two-person portable.  Safety rules for the use of the .50-cal. seismic gun are presented as
an appendix to this plan.

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 mle for seismic field operations.  These can usually be
easily accomplished if manufacturers ' operating and use instructions are followed.

The field investigations will involve proj ect personnel perfomiing 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 impacts, and high
sound levels.

Cinaha, Nebraska Page 2 1 April 2003



®

®

®
®

®
®

®

®

®
®

®

®
®

®
®
®

®

®

®

®

®

®

®

®

®

®

®

®
®

®
®
®

vll.    ALcOHOL AND DRUG roLlcy

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 worlaplace 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
details the Uhiversity and Survey policy as it relates to drug and alcohol atuse and misuse,
enforcement of policies, and penalties for violating those policies.

Poliey on Prevention of Illegal Drug and Alcoho] Use on Campus and in the Worlapface
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 University events shall be subjeet to disciplinary action in accordance with applicable policies
of the State of Kansas, the Board of Regents, and the University of Kansas. For employees, the
Uhiversity 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 atide by
the terms of this policy statement and will notify the University of any criminal drug statute
conviction for a violation occurring in the woriaplace no later than five days after sueh convic-
tion. The University will, in turn, notify as appropriate, the applical>1e federal agency of the
conviction within ten days of receipt of notification of the conviction. The Uhiversity will initiate
persomel action, up to and including tennination, within thirty days of receiving notice of such
cconviction. Employees may also be required to satisfactorily participate, at their own expense, in
a drug abuse assistance or rehabilitation prograni before being allowed to return to work. For pur-
poses of this policy, "conviction" means a finding of guilt (including a plca of nolo contendere)
or imposition of sentence, or both, by any judicial body charged with the responsibility to
determine violations of the federal or state criminal drug statutes.

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

may also subject individuals to criminal prosecution. The Uhiversity will refer violations or pro-
scribed conduet to appropriate authorities for prosecution. Kansas law provides that any person
who violates the criminal statutes on controlled substances by possessing, offering for sale,
distributing, or manufacturing opiates and narcotics, sueh as cocaine and heroin, shall be guilty
of a drug severity I.evel 3 felony. For a conviction of sueh 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 dapressant, stimulant or hallucinogenic drug
is punishalble as a Class A nonperson misdemeanor, with a penalty of imprisonment and a fine of
$2,500. Depressants include bafoiturates, Valium, and bafoital. Hallueinogens include LSD,
marijuana, and psilocybin. State law classifies anphetamines and methamphetanines as stimu-
lants. Kansas statutes also provide for criminal penalties for conviction of certaln 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
tern of imprisonment and fine otherwise authorized by law.

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

sity property or as part of uhiversity activities. Every year in the United States, over 200,000
people are treated in hospitals for drug-related accidents and mental and physical illness; another
25,000 die every year from drug-related accidents or health problems. Ding users can lose
resistance to disease and destroy their health. Drug tolerance and psychological dependence can
develop after sustained use of drugs. More specifically, physical dependency, heart problems,
infections, malnutrition, and death may result from continued high doses of aniphetanines.
Chronic use of narcotics can cause lung damage, convulsions, respiratory paralysis and death.
Dapressants 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 psycholorical 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 faniilies. It can have
significant legal consequences. Abuse of alcohol or use of drugs may cause an individual driving
a motor vehicle to injure others and may subject the abuser to criminal prosecution. Drunk
drivers are responsible for more than half of all traffic fatalities.

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

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

University employees may contact the Counseling and Psychological Services and the
PsycholoScal 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.

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

Schedules I through V as defined by Section 812 of Title 21 of the United States Code and as
further defined by the Code of Federal Regulations, 21 C.F.R.  1300.11 through 1300.15. The
terin 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 tern "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 weicht
as defined in Chapter 41 of the Kansas statutes.

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

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

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

•    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 perfomance.

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

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

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

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

•    A chalxperson or supervisor may wish to consult with a professional in the treatment of
sirvtogtwce-ttorvse WITHOUT IDENTIFYING THE CONCERNED 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 perfomance 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 informally
with the employee, make an appropriate referral to a professional agency and encourage
him or her to seek help for the problem. At this meeting, a date will be set by which
improvement in job perfomance will be assessed.

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

•    Between the tine of the meeting and the date set for assessing improvement injob
perfomance, 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 al)use, 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
opportunities or other privileges.

•    If the job 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 oz?d.ous ¢vczz.had/e /o aw e77ez7/a.i/ee
wz.fA ¢# I.//«ess that interferes with job performance:
a.   Bef'»£ z7/a!ced o« sz.ck /eel;e. This aption is for those with accrued lcave. 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 Uhiversity and properly executed by the chairperson or supervisor in consultation
with Human Resouroes. The plan will spell out specifically the terms of the em-
ployee's return to his or her duties at the end of treatment (e.g., how the University is
to be infomed of the progress made in treatment and the appropriateness of a return
to duty and how job performance is to be assessed).

b.   Being granted a leave Of absence without pay _i;or up to twelve months. This aphonis
for classified employees, upon approval of the Daparment of Human Resourees.

c.    7lgki7!£ en!r/y re#+erme#/. This option is for those otherwise eligivle. It is, of course, a
drastic solution for both the individual and the University.

d.   Jtes!.g7el.«g. If a classified employee can make no progress, recommendations to
demote or dismiss are to be sut7mitted to the Department of Human Resouroes 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

A.        Worklte:in::.  Use of class "C" Shotgun Ammunition
(Auger gun / Buffalo gun / 50 cal. / 30.06)

specific Hazards-The specific hazards involve injuries
to persons or property damage arising from normal or
accidental detonation or improper handling of the
shotgun ammunition.

Control Measures-All proj ect personnel working with
or around the shotgun ammunition, seismic guns, and
associated equipment will exereise all appropriate and
reasonable precautions to prevent or limit accidents
arising from use of explosives.  All explosive devices

will be Class "C," consisting of fully containerized smokeless black powder in the form of
shotgun anmunition.  Site work will confom with appropriate and reasonable Class ``C"
explosives handling, storage, communication, and detonation procedures.  All seismic shots will
occur in shallow boreholes 2 to 4 feet below ground level.

Rick Miller of the Kansas Geological Survey will be responsible for the safe use of the
shotgun ammunition to be used.  He will review the blasting communications and safety pro-
cedures at the initial site safety meeting and again prior to the initiation of the first seismic shots.
All project personnel must become faniliar with and abide by these protocols.

Specific shotgun ammunition safety measures when KGS is managing ammo are as follows:

•     Storage:  All shotgun ammunition will be stored in a locked metal container.  The storage
container will have proper DOT labels for Class "C" shotgun ammunition.

•    Transportation:  The ammunition vehicle will carry proper DOT labels and will be operated
by RIck Miller, David Laflen, or Joe Anderson on or near site.  The vehicle will contain a
fire extinguisher, First Aid kit, and will be parked far enough off any road to minimize the
potential for a collision with other vehicles.

•    Handling:  Only Rick Miller or qualified altemate, KGS, will be allowed to access, handle,
and load the shotguns.  Shotgun loading and firing will be conducted in accordance with the
attached "Operations/Safety Rules and Regulations for the Auger Gun."

•    Firing Communication:  Rick Miller, David Laflen, or Joe Anderson shall establish a series
of waming signals to be used prior to and following each shot.  An audio signal will indicate
the beginning of a shot (or prior site specified requirements).  He will review the precise
waning procedures with all project participants at the initial site safety meeting, and will
monitor compliance with these procedures.

•    Safe Distances:  All project personnel not authorized to handle the shotgun ammunition and
guns must stay a distance of 10 feet away from the guns and shot locations.  Non-project
personnel will not be allowed in the work area.
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Blasting shall not commence if any of these protocols is not met.

Ammunition safety measures on-site are the responsibility of YPG demo staff.  The previous
protocols are KGS minimums and can serve as fall-back measures if YPG demo staff are so
inclined.

Transoortation.  Transportation of the auger guns and ammunition is on a standard 2-ton flatbed
truck and enclosed gcoseneck trailer.  The ammunition is carried in .50-caliber military-style
ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes that are permanently bolted to
the truck bed.  The ammunition is classified as "Class C Explosive" by the U.S. Department of
Transportation.  No more than 2,500 rounds of ammunition will be transported to this project,
packed in quantities of around 160 per container.

8.        Work lte:in:i.  Modiif led Auger Gun

C.        Work lte:in:i.  Downhole 50-cat.

Soecific Hazards-Detonation outside downhole
environment and hand entanglement in moving pats.

Control Measures-Safe gun practices (detailed in
supporting documents), care and inspection of firing
mechanism, and minimum standoff distance from
souree when under hydraulic power.

The downhole .50-
caliber seismic source consists
of a .50-cal. rifle bolted to a
0.6 cm thick steel plate.  The
rifle itself is a standard .50-cal.
breech and bolt, built by Texas
Gun and Machine Company,
attached to a standard .50-cal.

machine gun barrel.  Machined grooves in the barrel are used in
conjunction with a pressure clamp to attach the rifle to a 30 cm by
90 cm steel plate.  The rifle barrel is lowered into a 60 cm to 80 cm
deep borehole 4 cm in diameter until the plate is flush with the
ground surface.  This steel plate acts as a ground seal and a platform
to stand on while firing the gun.  The weight of the shooter on the

plate and the snug fit of the barrel to the borehole walls help seal the gun to the ground.  The rifle
can be equipped with a source sensor or closure switch to generate a time break.  Firing can be
done either electrically by solenoid or manually by pulling the trigger.  The downhole .50-cal.
weighs about 30 kg and is easily two-person portable.  Safety rules for the use of the .50-cal.
seismic gun are presented as an appendix to this plan.
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D.        Work Item..  Traf f ijic control

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

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

Control Measures-All persormel will minimize activity along trafficked roadways to the extent
possible.  Traffic cones will be used to identify and buffer the work area with reapect 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.

E.         Work Item:  Mfro;T`Zb

The Minivib is a hydraulically powered vibrator designed to shake the ground in a very
controlled fashion over about a 4 to 8 second time duration.  The device is hydraulically powered
with no moving parts that possess an entanglement potential.  Energy is delivered to the ground
by this device through a hydraulically powered pad approximately 3 ft in diameter mounted on
the belly of the vehicle.  The pad is lowered from beneath the vehicle using the vehicle's weight
as holdrdown pressure.  The pad is vibrated by a hydraulic servo delivering frequency-varying
energy to the plate over a preset time duration.  No moving parts are exposed with the maximum
movement of the pad relative to the vehicle less than 2 in.

Control Measures
1)  This vehicle is center articulating and requires care when turning that no one is within 20 ft of

the vehicle.
2)  Safe operation of the vehicle is documented in the operator's manual provided by the manu-

fact-.
3)  Hearing protection is required within 50 ft of the vehicle.
4)  AIL shields are to remain in place while the vehicle is in operation
5)  Hydraulic pressures of more than 3000 psi are routine during operation.  No maintenance or

service will take place while vehicle engine is running.
6)  Quick inspection is necessary prior to lowering the pad.

F.        Work Item..  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
represent risk of injury due to excessive apeeds.  The
tip-over potential is minimized by the 6-wheel design of
the vehicles, but tiprover 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.
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1) The Yanaha has a specially designed cable winding device (not used for this survey).  The
Yanaha has a Power Take-Off that is used to power a winding device mounted on the front of
the vehicle and is used for the rolling of seismic cable.  Operation of the PTO requires the
operator to be on the seat and traveling in the lowest speed range (this is controlled by safety
overrides that "kill" the enrine when these conditions are not met).

2) The §afgLr is designed to cany 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 EQ±ari§ 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 1bs).  This
vehicle never travels more than 15 mph and is therefore at low risk of injury from excessive
speed.

Safetyspecifics:

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

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

Gloves and an approved motorcycle helmet with full face shield or goggles shall be won 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 pemitted to be used.

Passengers are prohibited on ATVs.

All ATVs shall be equipped with a waning signal device (horn).

EL      TINNING

At least one KGS personnel wockirig 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.

Omaha, Nebraska Page 29 April 2003



®

®

®

®

®
®
®
®

®
®

®

®
®

®

®

®

®

®
®

®
®
®

®

®
®

®

®
®
®
®
®

X.        PERSONAL PROTECTIVE EOUIPMENT

Personal protective equipment Q'PE) protects 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 protective clothing and respiratory protection equipment.
Selection of PPE is based on an evaluation of the performance characteristics of the PPE relative
to the requirements of the site and the task apecific conditions and duration.  The level of protec-
tion is upgraded when site moritoring 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 unifom for all personnel
engaged in activities related to the projeet is a modified EPA level D and shall consist of:

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

No respiratory protection equipment is required.  At the present time based on all avail-
alDle infomation, 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 availal>le 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.     EI`IVIRONMENTAL IMPACT ANALYSIS

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

*When operating sledgehammer, slide hammer, 30.06 projectile, and auger gun.
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XIII.   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, F!.reaJ77es Sa/edy.
DOE T`apott DOBIEN /06\94-3 , DOE Explosives Soyety Manual.
ID Appendix 0550, Sf¢#d¢nd OperaJz.o#¢/ Sa/edy Regwl+erments, Part Ill, Subpart I, "Explosives"

From the United States Department of Defense:
Don cOS5 .9-S:TD , Ammunition and High Explosive Sof ;ety Standards
AR:385-63 , Sofety Policies and Procedures f ;or Firing Ammunition f or 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) 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



Kansas Geological Survey
Incident Report Form

Date of incident:

Location of incident:

Was anyone injured?  Yes I    NO I      If yes, nalne(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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Employee Name:

MEDlcAL EVALUAnoN FORM

Kansas Geological Survey
1930 Constant Avenue
Lawrence, KS  66047

Date of Exam:   J-£e-

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

Clearance for Hazardous W`aste Site Work

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

•H

Comments:

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

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

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

Name of Physician:

Address:

Please P

c=oc>     Ro_E,L_ Date:
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TRAINING OUTLINE FOR USE OF SEISMIC GUNS
"GOOD GUN SENSE"

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

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

1.          In field:

Always point down or away from populated aLreas
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.        Cle aning

1.          Daily:

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

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

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

least 3 times a day.

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

rod
R/R bolts aLnd 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



March   24,1987

llANDATORY     SAFETY    RULES     FOR    USE     OF    THE

.50-CALIBER    SEISHIC    GUN

The   .50-Gal   sel§nic   gun  is   powerful   and   must   be   securely   positioned  when
fired.     Danger  exists   not   otlly  with   the   ballet   projectile,   tut  also  wlch   the
recoil   of  a   loose  gun.     Be   sure   Chat  all  m6uncing   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  object.     If   the  gun  is   jamming  or   stick-
ing,   cleati   lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion  of   dirt   and   sand   to   the   parts.

Operatlotial  Saf ety  Rules

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

2.     Arm   the  gun  ONLY  when   the   gun   is   in   po;'ition   to   be   fired.

3.      ALWAYS   unlock   the   bolt   when  tDoving   the   gun   (disann   ic).

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

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

6.      ALWAYS   double   check   safety   proc.edures.

7.      Use   cotrmon   gun   sense.

Dowhole  Mode

Be   sure   all   mour`ting   tx)Its   are   [i8ht.      Do   not   .Eorce   C'[`e   gun   do.in   an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   tt`at   ['i`e   base   plate
rests   on   the   ground.     tla`-e   two   people   stand   on   the   plate   w.nen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

1£    the   hole   has   water   ln   lE,    seal   the   muzzle   o£   Cl`e   gun   w.i.ch   [ai>e   or   a
balloon   to  keep   water   from  seeping   i[ito   tl`e   barrel.     Avoid   this   sicu..ition,    it-
possible.     Water   in   the   barrel   tnay   seriously   damage   the   siin  when   fired.
Injur}.   is   possible.

Surface  Node

Be   sure   all  mounting   bolts   are   tight.     Carefully   procecc   the   breech,
trigger,    and   bolt   when   moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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opEPATIONysAFErv BULEs AND BEGULATIONs
FOF] ThE

AUGEF}  GUN

-3/,'.',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  tra.nsports.  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    Reaulations

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  pojrited  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   aiJtomatic   safety   that   will   only   allow   the   firing   pin
to  travel  through  the   rod   if  the  gun   is  locked   into   place   in  the  auger.



Improved Shallow Seismic.Reflection Source: Building a Better BLlffalo

John Healey, Joe Anderson, RichcLrd Miller, Dean Keiswetter, Don Steeples,
and   Brett Bennett, KausQs Geological Survey

SUMMARY

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

INTRODUCTION

Increasing  environment.al  and
engineering applications  of reflection  seismology
have  spurred research and development of shallow
high-resolution  reflection techniques  and  equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targets-generally the goal of
most environmental and enctneering 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-frequency
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).

DEslGN AriD 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 energy 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 obtairi 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 incorpoi.ates all  the previous
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 hydi.aulic 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 aut,omatic (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 t,he ground sui.face wit,h the weight
of the loader placed on the plate.   The hollow-stem
auger flight is  then screwed int,o 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
:a.to the ground accomplishes both pxceptional blast
contaiiiment  ancL  mi[iiiiial  residual  boi.elLoit=.    After
the auger flight is securely screwed into  the ground
80+ cm, the modified buffalo gun is loaded (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head, through the
hollow stem auger flighting,  and seated into a sleeve
at the base of the auger flight.  Watei. can be poured
through the hollow stem  auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of t,he 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 tbe auger gun revolves around
maximizing the  recorded reflection energy without
compromising the safety of the operator or
bystanders.

The auger gun incorporates several key
characteristics designed and previously shown to
enhance  high-frequency seismic  signal  at  the
expense  of air-coupled wave  and ground roll  while
maximizing mobility, operator safety, field efriciency,
and ground  coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efriciency is maLximized by incorporating the
borehole preparation with the gun placement and
detonation.   The massive nature of the design aLnd
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 aLn 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
(F`igure 2).  The anplitude of the data is noticeably
r;gher with tile auger gun with verv little difrare.`ce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of 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.   'l`he
general characteristics of the 80 ms reflection seem to
be consistent for both sources.

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

Subtle  changes  in source  envii.onment
make  considerable  diffei.ence in the amplitude
spectrum of auger gun data„   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the  hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy by over 50 perc`ent.   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 auger gun is  a
modification of the  ori®rinal  buffalo gun design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As with all  seismic
equipment and techniques, site characteristics
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 some silos it may be possible
to acquire over 500 shotpoints a day when station
spacings are 5  in or less.

ACKNOWLEDGMENTS

We wish to thank Esther Price for her
work on manuscript preparation and Pat Acker for
her qu.-.lit..v graphics`

REFERENCES

Miller, R.  D., Pullan, S.  E., Waldner, J.  S., and
Haeni,  F.  P.,  1986,  Field comparison  of shallow
Seismic sources:   Geophysics,  51, 2067-2092.

Miller,  R.  D.,  Steeples,  D. W„  and Mazzella, A„  1990,



®
®
®
®
®
®
®
®
®
®

®
®
®
®
®
®
®
®
®
®

®
®
®
®
®
®
®
®
®
®
®
®

Improved scjsm;i`-RCJloulit>ii `q> Ll i\.``                                                                                       :}

Reflections  from geologic  interfaces  shallower than
30 in at the Pittman Lateral, Henderson, Nevada
[Exp.  Abs.]:   Soc. Explor.  Geophys.,1, 393-396.

Pullan, S.  E.,  and MacAulay,  1987, An in-hole
shotgun  source  for  engineering  seismic  surveys:
Geophysics, 52, 985-996.

Steeples,  D.  W.,  Ivfiller,  R. D.,  and Knapp,  R. W.,
1987, Downhole  .50-caliber rifle-an advance in high-
resolution  seismic  sources  [Exp.  Abs.];  £n  Technical
Program Abstracts  and Biographies:   Soc.  Explor.
Geophy§.  57th Ann. Mtg.,  76-78.

Steeples,  D. W.,  and Miller, R. D.,  1990, Seismic-
reflection methods  applied  to  engineering,
environmental,  and ground-water problems:   I.ri
Geotechnical  and Environmental  Geophysics,  v.  I,
Review and Tutorial, Ward, S.  H.  (ed.), Soc. Explor.
Geophys., Tulsa, OK,  1-30.

- loading
orifice

hydraulic
Power
head/ ia

52oo
•5

250

source-to-receiver offset (in)

112                                                  20        112                                                 20

''1

tl 11'1 I I '1 1 '„ I
I 11

'1 I I I I „ „ '
11I I .I I I-I I !1 +.`TI ' J`" I

/.ftlr7.
)i).:<`. I .)2.<ts,,")(es=

J  .I  <` . ` )j rl ` `
'c!/<„ `

1,

(-\ \)   i  --. i f'.r`--.- -(

1 \ .

I 1' 7rt«-.. `r:-i-,,,%777ZZ1{<_ /-?lit.t± \ ~\il-
•-+ft;ir(RTX /`>\I|T`:-,-'1\ K?tl K .`<`

))K<S IJ
I:)`J

1] ``` \pr\\  r^     ]l'Zff   - 1
(«{\Q:T`- /\r\ .  \, ',r((t.

-FF`_fig .`\
-T5Pl1-VI `-P`-`RTTt

\ \ ' \-
(

I `\\(ll'/l(V     ///\` r.\ '`\

( \ I 'Jnh\' I I I,/T \ \H/\\ FT,lri\\/
I '( t\K   1 //\/ I/( \ \ lln \     I,r\\J\\\//\

),---(

1          .\      \\ry\ll'/,I      ,\\
''' I 'r\W/ I I \ ' \

\ IAI
I  1  \  \\ (  \ \ I  I 1'` \  I  \  I I \\ •\ /

!'

J(ff)
/\

(tT .1I \\ /

I
I '

)4,i)`'il
I

i+( \

1111 \ '`'1 1,I \\'/ \ .'1,      \     11     i       II \''1 \U/ I „ '' \\'/ \, ''' I

`  (   \   11\`  //' I ';„ \ I               `1\\1 (      (      I    I,
I \ I

`

I
\        \1/1.01 \  I  I I/ `  \ `\ I )(I       `\      I I

11 1' '/(    (   I   I  I 11//(   \   I  I/ \   I   '`   \ U(Ij I

\   \.  i   I   I   I I / \  \  \  I  I /  1,  \  \  I 1'
i

I
II [111'11 ''1 I \ /I `.I

' IIll \ `'1

`„\1 I        I          I        I

1!

auger gun                              buffalo gun

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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auger gun                             buffalo gun

A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffaLlo (right) guns.



l}o.rll`ole   .50~calLber   ltlflc-aa  ^dvarlce   ln

lllt!ll-rl.8oluclon   Scl®-lc   Source®

I)on   W.    Scce|]les.    Rlcl`ard   I).    ,1lller,    Ralijh    W.    Ki`app,

Kai`s.is   Ceologlc.il    Siirvey.

SU-Y
In   a   dlcecc   coliiparlson,    the   do.nhole   .50-caliber

seL6mLc   Source   produced   n]ore   seLsrilc   energy,    a
broader   body-wave   frequency   speccrua,   an   anpll[ude
drop   I.ti   the   air-coupled   vave.   and   .  higher   dolalnanc
i requency   of   the   recorded   body-vave   el`ergy   than   the
8llenced   Cut.face   .50-caliber   Bource.      The   recot.ded
8elsdlc   energy   of   [l`e   dovnhole   rLf le   Shoved   al`
Increased   afliplL[ude   of   6   Co   12   d8   over   chat
recorded   by   the   oLlenced   Burface   rifle.      The   dorL1-
naf`C    i requency   ot   [l`e   recorded   ref lec[1on   el`ergy
vas   conglsten[1y   20   Co   40   Hz   hl8her   than   the   8iLr-
face   rLf le.     The   &1r-coupled   vave   aepllcude   Was
dect'e48ed   over   12   dB   by   Bubeutface   i lrlTig   of   the
rLf le.     The   f requency   8peccrua  of   the   body-vave
pulee   vac   broadened   by   .lBoec   a  l`alf   ocC®ve   on   the
hlgl`   end.     The  eafecy   of   opec.[1oa   of   Cha   eou[ce   le
I`ot   codproalaed.     Reflec[ote  vlch  .  donltianc   fre-
quef`cy   Ln  excee®   of   LOO,Hz   can   be   eaelly   ldenclfled
oo   £1eld   f flee   d[   dep[h®   of   le8®   Cttda  30   I  uelt`g
the  dot+i`hole   .SO-caliber  rlf le.     Ideticlflc.[1oa  of
loo-llz   reElectot.a   £roa   I,loo   -18   po.®1ble   on   field
flle8   of   nulclple   vertl.cally   8C4cked   dotmhole   .50--
callbec   ehoc8.     The  Source  vlll  operate   ln  an
ef f Lclen[   nar`ner   collectlf`g   COP   data,   codiieon-of fsec
data,   or   8poC-correlation  data.

1NTR0l)UCTION

li`c:rl."tni:   el`vtroim`3ntal   and   englneer[ng   Aitpll-
c-I.lLo"   o[    rt!(leccLoli   eelaqlolog3r   liovc   8puE.red
reBe.ircli   Ai`d   develoi}mel`[   of   8l`alLov   hl&h-reflolu[Lon
rcrlt!cclu.I   t¢cl`nlqucg   "i`d   equlii-en[.      Regolucloi`   ou
Clie   order   of   A  deter   1®   nece88ary   Co   dc[ecc   ul[[a-
eliaLLov   [qrgec3   vl`Lcl`   are   generally   the   goal   of
•ofit   envlro.`tnencA1.1i`d   engtneerLns   8[udLe8.      This
Lt`c[eatled   resolu[1oA   can   bc   obtained   by   boogtLr`g
Cl`|.    [rl.ti`ic.`cy   oC    tl`c   6oiircc   i>i-lse   vhtcl`,     ln   [u[ii.
1ncreaee8   [hc   dodlnant   i raquency   of   the   t.ecorded
set.sflilc-reflection   ci`ergy.     Cenet.aclng   the   I`18h-
€requet`cy   seleralc   source   pulse   r`eces8ary   for
shallow   appllca[Lon8   has   been   accoqipllsl`ed   Ln   a
DUL[1Cude   of   dLf ferenc   vays    ln   the   past    (MILler   ec
al.'    1986).

Recent   8el§ieLc   Source   advances   a[   the   Kan8.18
CeolosLcal   Survey   (KCS)   have   aalnly   revolved   around
suriflice   projec[lLe-Cyi]e   sources   (steeples   and
KAapp,    1982;   Hlller   and   Steeples,    1986;    Seeber   and
Steeples,1986).      A   .50-caliber   [1fle,   which   was
deslsned   ai`d   bull[   Co   saf ely   £1re  a   750-g[alr`   bul-
lee   verctcally   taco   [l`e  ground,   has   no[e   recencly
beeii   Adaiiced   to   aperace   par[Lally   undergcout`d   vLch
only   tl`e   flrlng   apt)aracu8   above   ground.      This   al-
lov§   8afe   operaclon8,   a   hl8her-£[equency   soilrce
pulse,    and   an   lncrea8ed   9lgnal-co-nol8e   raclo.

¥.5.I.t:.ng.4.N.I!.:r.I..:€LI.N.I.qg.F..

Tli¢    I:¢Iit!r;il    desLt!i`   ceiiters    around    o|icliaL7.[ni.,    [t`e

col`vcr.il.u.`   {tL'    ci`¢cgy    itroducl.d    by   a    .5u-c.illl]|.I.
riili`    I.iillt.C     tr`Co    3el§ii`tc    (acou5tLc)    v.1ves.       Tl`c

majo[1Cy   o£    the   energy   produced   b/   a    .SO-caliber
t.ound   8oe8    lnl:a   acceleractng   cl`e   pcojecclle   and
ln[o   exhaust   sages.      P[evlou6ly,   vlcl`   above-ground
Sources,    we   have   silenced   and   d[spersed    the   exl`aus[
8aae8   1t`   hopes   of   ellolrLaclng   or   ac   least   gt.eacly
reducing   the   ef i ecc6   o€   the   air-coupled   ttave   on
selBoilc   data.     The   dovnhole   ..50-caltber   rifle
nearly   slmulcaneously   e*clces   the   earth   wlch   €i
projec[1le   and   vlEh   eichau8C   gases   wl`1le   concalr`lng
moat   oC   the   air-coupled   vave,    rcsut[1ng   ln
lncrea8ed   f requenc.v   and   sl8nal-Co-rlolse   raElo   oi`
9el8ailc   record   secclons.

The   downhole   .SO-caliber   selsnlc   source   con8l®Cs
of   a   .SO-caliber   rlf le   toIced   Co   a   0.6-ca-Chick
8teel   plate,     The   rifle   lts`elf   ls   a  8Car`dord   .50-
caliber   breech  and   bolt.   bu[lc   by  Texas  Gun  and
Macl`1ne   Coopany,   &c[.ct`ed   [o   a   Standard   .50-callbe[
I.achlne-gun   barrel.     Hachlned   grooves   ln   the   bart.el
are   u6ed   ln   conjuAccloa  vlt:h   a   pressure   clan)p   Eo
accach   the   rl£le   co  a   30-cm  by   90-cr.   6Ceel   plate.
The   rifle   barrel   ls   lovet.ed   lnco.a  60-co   80-cn-
deep   borel`ole   4   ca   Ln  dlaqetec   un:(I   the   plate   ls
fluah  .1[h   the  ground   surface.     This   steel   place
acc8   as   a   ground   seal   and   a   placforn)   Co   s[aad   on
while   £1rlng   the   gun.     The  wel8hc   of   the   shooter   orl
the   place   and   the   4riug   i Lt   of   the   barrel   Co   Cl`e
borehole  tJalls   help   seal   cl`e   gun   Co   Cl`e   gt.ound.
Tl`e   rlf le   can   be   equipped   vlth   a   soot.ce   Sensor   or
cLo6ure    Hwtcch    to   t:ciicr.i[I?   ;i    tlinc`    hrl.;`k.       Ftrll`i;
can   be   uoi`Q    elcl`c.c   elcclrLciilLy    by   a.i}le.`olJ    ur
lom`i^lly    l>y    p`I`1lni:    I:l`..    rrli.,/..i!r.       Tli`.    .I.i..il``il.     .5u-

callbt!r   velt;lis   4boul   I(J   .<8   ;IiiJ    (*   a..isily   l.Jo-iicrsoii
p6[table.

`tt€,)Ul;NCY   ^N,,   A.I,,.
11|'l)t:

Tl`c   dovl`l`oLe    .S0    c;ILlh,:r    |ii.uJ`L.:|..    t-rutii    a    I.o    12    tin

g[eacer   reco[dabLe   sets.`Lc   ei`ergy   a:   equlvaLen[
offsecs    Cl`an   [lie   silence.J   surface    .50   caliber   (fl8.
I).      The   lnc[ea6ed    reco€Ced   energ;..   boo§Cs    the
signal-Co-Tiolse   enough   Co   s`ibscdn:tally   clean   lil)
the   [ecot.d   seccloa.      The   source-[o-closest   geopl`one
of fsec   ln   fig.    i   ls   4J   a.      besides   :}ils   nc[LceabLe
increase   Lf`   recorded   seisqlc   et`er3:..,    a   cor`sLsce[`C
20-40   l]z    hoos[    ln    [Iic   do.i]li`a.`C    i .et:`iei`cy   of    cl`|`
source   uavQlet    ls    cl`,.`rdccerLsctc.

In   previous   shallov-soijrce   co.lps:isong   (¥.iller   e[
al.,1986),    the   surface    .50-calLbe:   perforned   com-
p8rably   to   Hlnl-.a't.iaacord   ar`d   a   lo-Gauge   autfalo
gui`   ln   total   energ:;   and    i req`it!i`cy   a?eccruft:.      Tt`e
noted   increase   la   f rel!ucrtcy   .ii`J   cr`er6y   would   in,`ke
the   dounhole    .50-cal[b€c   rlfle   co,|p`irable   co   CI`e   8-
gauge   Buffalo   gun   tchLch   tJa3   .in}ong   :he   best    sources
Cesced    for   refle::ion   energy   versi:s   3[ou``d    roll.
Cocal   ei`er8y,    and    €[eq.iei`cy   coi`cel`c.

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

S,,l'|`ly     i;I,u`,lJ    i?l.    ,,I      ,,,,.,, 1 ,,,.,,, 1     L ,,., `:l.,., I     i  ,,..,,, '.

oiicratlo.`     LiwoL.::`:;     ``.Lilt.i.:    #Ii`ii.I:ct.        Tlil:     I(I-lt..     I.iI.LLit.I.:     #.i`ii.I:ct.            ilil:       r`   I    Lt'.      I.i
___--_-                                                                                                       i
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2                                                                                                                                     I)oulll`.)LLi     .50-CaLlhor    RLf le

moui`Ced    oii   A   0.6-cm-Cl`lck    flceel    plate    [o    i}rt)C|`ct.
tl`e    oiier.leo.    €roiti    f ragniencB    and    Co   help   hold    Cl`c
I:`..`    tl.t`:`lruly     lii    flli`ct!.        *li`cu     Cl`e    proJccclle     I.I
i lrt!d   frola   a   bolt   and   bceecl`,    orlglnally   dealgned
as    a    sC.indard    f Lrearn],     cl`e   iicniogE     Ln   eAf ecy   has
•1lrl.;.ily    lil.cn   di!filBI`ed    tnt:o    Cl`e    nccual    tlrLn8
m¢cl`I`i`l.8m.       .I.Iic    I)olc    ti.iu    brl.¢cl`    mtmu€acturcc
desLgned   the   apparaciie   not   co    fraglet`C    even   Lf    tl`e
bat.rel   voa   con]ple[ely   obecrucced.      The   barrel   la   lrl
*Ciu`iliiril    iwc   by    [llc   U.    S.    nillt[nry   oi`    .50-caLthcr
reacl`LI`a   8ut`o.      Tl`e   extra   [hlckneoB   of   a   I)achlne-gun
barrel   aerve8   co   dlgelp4Ce   heat   ar.d,   eepecLaLly   ln
out'   case,   procec[e   from   blow-out   lf   fo[elBd  a)a[er-
Lal   8et8   LA[o   the   barrel.      Tl`1a   nateg   con[1nuoue
opera[1one   ®afe   and   conBle[enc.

C^SB   Stol)Y

SILer`ced   8urface   .50-caliber   ve   I)o`7fihole   .50-
caliber.

The   dLft!cC   codpa.18oi`   of   [lte   au.face   A.`d   (Iie
dovt`hole   .50-caliber  rlf lee  vaa   pe.famed   near
WII`tljr   t'ark,   Color.do,    1n   arl   .Ccel]pC   Co   decec[   tlle
Hoffec   r&Llroad   tutinel.   85   Ii   below   the  ®u[£.ce.
The   recelvere  vere   .1ngle   LOO-Hs  8eophone8  vl[h  a
L.2-fi]   e[®Clon   lnce(vel.     The   .oiirce.   ve[e   43  a   fro-
the  cloee8t   receiver  8Catloa.     The  reeulElng
recorded   field  £Lle.   ploc[ed,   a.1ng   true  aBplltude,
clearly   8l`ov   the   lncre®eed   al)plltude  And   the
Lnc[eaBed   el8nal-[o-nolee   r&tlo   of   the  dovnhole
rL[le   a®   compared   to   the   eurf®ce   8ou[ca   (fl8.    L).
A  glaring  dlf ceretice   le   the  abeence   of  el[-coupled
vave   ol)   [l`e  field   file  uelt`g   the  do`rtlhoLe  [1fle.
The   f requency  dLf fe[ence   la   obvious   on   the  adpll-
Cude   Bpeccra   (fig.I).

I)a.nl`ole   .50-caliber  Field   Flle®   .nd   S

TI`e   dowl`l`ole   .50-caliber   [1€le   can   produce   a
eou[ce   pulse  vl[h  a  dod]1n.n[   re£1ecclon   frequency
lrL   excee®   of   LOO   tl2   (£1g.   2)   vhef`   used   vl[h   etialog
lou-cut   i ll[ere   Chat  have  .   -3   dB   polnc   o£   220  Nz
•1i`.I   n   24   dLl/oc[Avc    roLlof i .       Clean   -LI`Lieutz)-phaee
t'ef lecclo.I  vaveLe[4,    easily   lf`   excess   of    LSO   IIz,
can   bc   ldcl`clf Led   dove   co   270   aeec   dLTeccly   of f   the
fleld   £1le   (fl8.   3).     The   8pec[r`m  of   the   re€1eccor
AC    8S   itLsec    L9   alno8C   J   occave8   acro66   .1[1`   Corner
frequencles   o€   40   and   290   Hz   (£1g.   J).

.The   dovnl`ol.e    .50-caliber   rLf le   has   not   only   beei`
Licovct`   Co   bc   4   u3afuL   8l`aLlov   hLgl`-resolucLoii
ref leccLor`-8elgrBlc   oource,   1t   al®o   poa8e8seg   the
capabLLLcy   [o   pel`ecra[e   a®   ouch   ae    I,LOO   n   of   ®edl-
niel`Ca.y   veneer   oveTlaln   by   15   to   J0   a   of   veachered
alLuvlun   (fig.   4).      Tl`e   reElecElon   .c   720  n®ec   on
the   I Leld   f Lle   le   ^rbuckle  doloD1[e   ac   a  depch   of
I.tool.   lr`  central   Kan8.8.     Thl8   elgh[-8hoc   ocack
vac   recorded  vlch  30-t{z   lov-cue   f llceT8   and   Cef`   40-
Hz   8eophones.     The   doiillnari[   £requet`cy   of   the
t'eflecclor`   energy   19   about   loo   Hz.
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FIG. 2.   Jrhis  Single-shot  field  file  'tJit'.ri  an  AGC  apE,lied   illustrates  the  high  freg±±=ELci==
and  therefore  the  resolucion   easily  obtainable   :~.:=h  a.dovmhole   .50-cal.
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MATERIAL
SAFETY DATA

EMERGENCY  PHONE  1-BOO-OLIN-911

SECTION  I  -lDENTIFI.CATION
CNENIC^l N^NE . SYNONYNSIndustrialAmmunition  8  Gauge        ( Small   Arms   Ammunition)

CNENIC^l F^NllY FORNuu Tf`^DE  N^NE

Not applicable Mixture Not applicable
OEScfllpTION C^S  NO.

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
pf`Ec^uTioNs To eE TAKEN " H^NoiiNc AND sTofIAGE

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.

PflotECTIVE EOulpl. ENT vENTitATioN  FtEOumENENTs

Ey..                Safety glasses or goggles Local mechanical exhaust
clov..              None necessary ventilation recommended during
oth®I                Hearing protection recommended confined space discharge.

during discharge

SECTION  111  -HAZARDOUS  INGREDIENTS

B^SIC WATEfll^l                                                        °=HL^                      LO sO                    lc so                        SICNIFIC^NT EFFECTS

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

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA
F`^SN I-O"T         Not OSH^ CL^SSIFIC^TION•.- Fl^WW^t)lE  I      |OWEf)     I     uPPEf`

EXPLOSIVE - -IIE"OO             ADnliaA hle |'N'TS
EXT"ouisH"c I-Ebl^                               Deluge  wit-h  water,  material is self-oxidizing.   Flood  with  water

to  fiorht  fire  find  to  t?oal  shell.a.
spEci^L FIRE  HAZARD .  Fil]E Fict{TiNG pnocEoul]ES

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

sEaloN  v -HEALTH  HAZARD  DATA
THnESHOLo  il"iT VALUE

None  estabfished. (Inorganic  recm. std.-air:   TWA  0.15  mfr (Pb)m3  (Acr,TH  1984-FZ5t
sywpTOws OF OvEf` Exrosuf`E

Eye irritation, fatigue, disturbance of sleep.
EMERCENCv  FmsT.^lD pl]OCEouRES

SKIN Contact of skin  with shells presents no health hazard.

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

lwGESTION
Ingestion of shells not a possible route of exposure.

Remove victim  to fresh air.
lNH^uTION



SECTION  vl -TO.XIColocY  (Product)         (Sl,1all   Arris   Armu`iitJ.rjn)

^CurTE  On^l  lD 50 Not applicable c^nciNOGENiciTy         Not  carclnogenic
wuT^GENiciTt               May  be  mutagenic

ACUTE OEI)W^l 10 sO > 2  g/kg EtE imiTATioN              May  be  an  irritant
pi]iw^flv sx" imlT^TioH                      Not  8n  irritant

ACUTE INH^LAtloN  IC 50 Not known

pniNcip^i .OuTES OF ^OsonpTIOH
Inhalation, dermal

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

EFFECTs OF cwnowlc Exrosui`E         Anemla,    central nervous   system   aepresslon,   toxicity   to   kidneys,
I.eproductive system  and fetus.

SECTION  Vll -SpllL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^CTION Fof] N^TEfll^l RELEASE OR SP.ll
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensiis  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See     29     CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    Isolate  and  do  not seal.
LBbel "Small Arms.Ammunition".   Wash au contaminated clothing before reuse.

In  the  event of a large spin use .the  emergency  telephone  number  shown  on  the  front  of  this
sheet.

TF`ANSPORTATION  EMERGENCY,  CONTACT CHEMTFtEC d00424.9300
w^sTE Oisros^i WETNOD

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

SECTION  VllI  -SHIPPING  DATA
0.o.T.cuss                                            Class c  Explosive        Olu{-D

sECTioN  Ix -REAerivlTy DATA

STABLE            X   uNst^BLE            ^t                 °C                      ®F w^z^.sous w^v cx:cun-- roiyi.ERiz^TioH WIILNOTOCcuf`     X

coNDITloNS To ^voio              Open flame, heat, Sparks, Shock or percussion,  pressure

"cowp^TiBiiiTv (I.`.rill `o ^wldt             Acids, alkalis, Oxidizing materials (contents)

H^zjmoous DEcowposiTloN p®ooucTs              Lead  fume,  carbon  monoxide

sEerioN x -pHysicAi DATA

NEITING  POINT               N/A v^rof` mEsSuFtE                 N /A voLLtllES                                   N /A

|Boll"C polNT               N/AispECIFICCF`^VltY(H,O.I)        N/A SOLUBIlltt lN W^TEfl           N /A Ev^ponATioH RATE                      N /A

pN                                               N/A v^rof] OENSITT f^l..1l              N/A

INFof"ATION  Fuf`NISHED BY:                 C.  C.  Nconan
(203)  789-5436

1475

OATE         Novemberl6,1985

D®partm®nt ol Envlronmentel Hygl.n® and Toxlcology
(203t 789.5406-VLE]ill COFtpoF`ATloN

120  Long  F]ldgo f]oad. Slamlord, Connecllcul 06904

0CEAN®   N®twork
EMEf`GENCY  PHONE  1-COO-OLIN-911
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M.alchal Saloty Data Sh.oat  .     .
W.y IM `4ed to ch/ .th
OSLt^.. mLz.rd Q~irhalth' Stand.rd,
29 Cm I.10.12co.  SI.nd.rd muei t-
co--I.ed kr q" iqilon.nb.

u.S. department ol I.bar
Occ.Jp.tiori.I S.I.ty .nd He.lth ^dmlnlltr.tlon
(Nan-M.nd.tory Fom |
Form Approved

OMB No.1218cO72

d»`
®®m uul lb.a a\ ILli.I .nd il\®

All  ShotBh®11  Amunltlon
NbtsE~",rd„,de-b#L#Tg##%F#£fi:#E#L=

Sedkm I    ..'snall ^ms  Aminltlon'
WqrLJdurr'. N" Em.oonc]/ Tldy. Numt)-

Reminqton  hms  Co. ,   Inc. (Sol)  .   676-3161
^Lkh.. Q*Idb- Sde* Ch/, Sn® \nd Zu> Cod.I Telephon. Number fy. Inbrm.lha

I-40  e  lllgtway  15.       . (501)      374-2246

Loncke,  Ark.ansa.        72086              .    .    `               ..
001® P'qudI      8-12-86    .

.,, Sionltur. al Pmp./- /giv.O
W.G.   Bell,' Chem  Lab  -Technical  Section

S.ctlon I - tl.zlrdou. lngfodl.r`ti^donllty hlomatlori

E'-::=::L#d==£:qu° '5=,¥   I.""V_i 'TM=T:I
Ar8enl.c  .nd  conpo`ind.
Antlirtony' end  conpound.
Bariun  and  coqqunde

500  ng/M.
5oo  ng„3.

Nltroglyerln  (0.05  Ep  akin)   500 ulcrograng/M3  of  air

t"  -  "Small  Arms  Arminition"
Cla8.  C  Explo.1v®

O"-D

S.ctlon 111 - Prty.lc.I/Ch.mlc.I Ch.ract.rfutJc.
edno pin                               . s#Egplplltfie"

Not  applicable
V.per PuniJ.. (mm Ho.I ng Pun

Not  appllcablo Not  applicable
Vpr rty pe . '' gL"iru~otAmi.caLLeNot  aipllcable
SoLtxp h Wu

I,Cad  a  I.Cad  Styphnate  -  Insoluble/  I.Cad  Nitrate  -  127  gn/100cc  Water  -  loo.C
givm ed Cb

Grayl8h,  Gray,  §11very  Nat®rlal  i  No  odor

S.ctlon rv - in. .nd Explo.lori lt-I.rd D.I.
Fwh Pout 0~ UND FL- Lrm LIL UEL

Not  applicable Not  applicable NA NA

E4iLqu rfu
Material  18  8elf  oxldlzlngi   flood  vlth  Water  to  fight  flre' and  cool  Bhell..

Sp.Gil Fh Fquhg Prt]e.d`m   '

un#eiFi"B#iHt*tg#e when  expo!ed  to  flan®  and high  tenperature8.
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Sedlco V - F)..c'h,rty D.I,
Squt, Umkrty Condiuou®^VOu        rianes,   sparks,  percussion  or  shock  and  high

SLetb
X texperature8   (130®C)

lnoomo.llblllt7 W./Of./. lo AIIold|  .. Strong  nlneral  acids  and  alkdtll8
H.z]itho Dky'd`bw Brp`tx*"   oxides  of  carbon,  nitrogen  and  lead  fme8.- W,y Cho Cat-k'^ut       Heat,  fire,  static,.  £r|ctlon  and Perc`lgsIon.

WVA " -
X

S®ctJon Vl - lie.l`h Hazard bofa
f`cL4.) ol Entry:                        Inn.I.in?      runes Sun?   cuts  or  abrasions  -ffitri7cles

H#n#¥ `#igTgengctorla ,  efroryotexln , mlnutrltlon,
Weakness,  mental  confusion, allor  -

tr.eat  per  general  lead  exposurei. headache  and  nausea

cfingin.         wp, I^RC wiriiF=ijfii7                                    0Sl+A Beg!±±eev
I,ead  -  Yes

Sgivdsy-a/Elm-'     F`efer to health.hazard above.

I-Co-
ceii=ajF ^oqr~-Id try EquJ- Gastrolntestlnal  tract)  kidneys,.  blood  and  central  nervou.

System.          (CINS )

E~ndF"AItw~        skin  -flush  with  vater|  if  Swallowed  seek  medical  attention

inediately.
S.ctlo.I VIl - Poec.utlon. for S.I. Handllng .rid U.®
a.p. b 8. Tofon A C... Wdrl-I I. F}.I.a.d cr Spjld                                                                                                             +

Use  nan-sparking  equipment  to  r:1eanup  and  store  shells  -avoid  i,gnj.tlon sources .

W#atH|W# be burned per 'appxppr_late  federalt  state  and  local  regulator\/agency  -

contact
Pr.a.don. o 8. Tofn A l1.ndno .nd Strty

F`efer  to  releaeed  or  8pllled  data: abo`r®.
Ow P-ho

Label  cot`tainerg  -  "Sfnall  Ams  Armunltlon"  Year  gloves  and  6hrapr.el  protection.

S.ctlon VllI - Control W...ur..
f`.drrty m~ dmr TrmJ             osm   sA/Hit/SC"

Cm p"~ Ctrng tr Eut~      use  hea.ring  protectic`n  when  discharging  cart.rld9®8.

2ife?_CI
Papt v,a,a: ,-.,, I-,„,,,'')
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MAmIALsAFFTyliATAsEIIm

sMAILAm4sAMMDqmoN
CENTH-REIE&rmoLAh4MDrmBN

Etderal Cartride Coqny
anELrme

Anbha. hfucsctzL  55303

fuRE         6EL323+2300
moDOor sRvlcEs 6i2ca3706

FhrmGENor IHORE NOMEm. 8OO-errm (-
mle mte: January 4, 1999

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

sExmoN fl - mormer IDFFrmcATroN:
moDucT EArmy

Outedre ldellie Crmdge Inchlding The Fulfowing:
. 222                 a . 30-30 Winchester .300 Savage
-22-250                 n .32 Autondc .32 Winchester Speed
.223 Rerington .32 s&w hag .338 Wirdegiv Ltryun
6rm .32 rm hfroun .35n

.243 Wmchester .380 Autondc 8rm Mid

.257 Rbberts +P .38 Specal .45-70 Goverment

.25us Renington .357 htryum . 280 kemington

.270 Winester 9rm huger Auto 7-30 Waters
7rm Rcmington ftyun 9mm Ban Od-822) 7.62X39 Soviet

7mm Muser 9rm Federal .303 REtich

.3cO Winchester ngum .41 Fha xpun .375 HRE hfagrm

.308 Wmchester .44 S&W Special .300 HRE ngun

.3ous fyrfugfidd .44 Ere ftyun .458 Winchester ftyum

.cO ± Cafoinc .45 Automtic •416 RI8by

.25 Autonrfe .45 Colt .470 Nifro Express
lorn Autgrfu 9rm Subsonic •38 qu +P+
.cOS8£NI 6.5rs5 swedish 7X64

5.56 hind Range 9zrm hind Range .38 Special +P

356 rmw .270 wfaflrdy ngun .3co Weatzrdy Mfu
7mm Wfafroy Mgiv .351 SI!G •38 Squ
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SECTloN # - cHEbncAL CoMrouNDS:

cHBrmcAL coMrouNDs

GAS -ER
TWA uNLErss OIHERIh7ISE NOTED

OSRA PEL ACGH ETV

Bunet - nd orhaCore 7439L92-1 •05 mg/m3 .05 mg/rf

Cqpper Jacket 7440-50-8 1 mg/n'            Fume: l mg/rf         Fbe:
. 1 mg/rf .2.rrd"3

Zinc  (As Zinc Chide) 7440es 10 mg/m' (5 mg/m' 10 mg,m3
1314-13-2 as leapiral]le dust)Fume:5mg/m' Funre:   5 mg/m3

Tin 7440-315 • 1 mg,m3 2,rrdrql

Nycled Ccathg Not Ethrmed Not Erfumed Not Eistabrmed

Cartridge Case -Brass,(AsZinc&Copper)(SeeAbove)

Nickel Plated Brass(AsNickel) 744ounro 1 mg/in, 1 mg,in,

Propeuant -Nitrunulose 9004-700 Not hital]rfued Not REushed

Nitrqglyceine 55ng30 2 mg/m3    Ceiling 0.46 mg/m]   (Skin)

Graphite 778242-5 15 mg/m3 (5 mg/m3asreapfroledust) 2 ntg,m9

Phier - IudStyphnate(As rd) 12403-82< •05 mg,in. •05 mg,in.

Barium Nitrate (AsEarium) 7440-39-3 •5 mg,m3 •5 mg,m}

Aninony Suffide (AsAninony) 7440-360 •5 mg,m3 •5 mg,in.

Aluninun 7429-90-5 15 mg/m3 (5 mg/m3asreapirabledust) 10 mg,m3

2
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EFINrlu       oF ACRON"S

OSIIA PEL:      Occupational safety and Hedth Administndon's pemisrible Exposure himit.

ACGH TIJV:    Amchcan conference of Governmental Industrial Hygienists' Threshoid
Limit Values.

TWA:                 Tine weighted Average.

STEL:                Short Ten Exposue Limit, the 15 minute exposure which chould not be
exceeded at any time during a workday.

CEILING:          The concentration which is not to be exceeded at any time during a worlrday.

GAS :                   Chehical Abstracts sewice number.

SEclroN ffi - FErysICAL DATA

Boifro8 point:
Mtlth8 Pcht:
VprP"ue:
REty:
Solubmty Owater):
Evaporation Bae:
Percent Volaffles:
Vapor ±ty (Air = 1):

Appcarm

Cider:
Ckfor Theshold :

Not Appncable
Not Applicable
Not Applicable
3. i - 8.0 grams/cc
None
Not Appticable
Not Appucable
Not Applicable

BIass or niekel plated brass case with plastic, lead, ocxper jaded
lead or nylon clad lead bullet.

None
None

SECTION #4 - FinE FIGHIING & EErmsroN DATA:

Frm Point ®:
Auto Ignition Ten)perafure ®:
Upper Explosive Iinits Q'ercent):
IiDwer ExPosive Limits Q'ercent) :

Fire & Explchon ±:

Etinguishing Media:

Not Applicable
Not A|xpucable
Not Applicable
Not Appiieal]le

My ignite if heated to 250 degrees F, indqudent of air.
Unconfined  ignifed  cartidges  can  produce  low  vctocity
metallic fingnients which may cause eye injury or sixpedcial
sldn wounds if uaprctected by standard fimfighter aimcut
gear.

Water
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.:!'``-i.    .

Special Fire Fighthg hstnictions:       Wear fiill fircLfighter pro¢eedve gear irdnding fa in or ,-,.. `,;..*-;L:t¥{;.,t;~
SCBA.  Use wide fog patfro nozale to stag any low velocity
fragments.   Use water to cool ordinary combustibles below
ignition temperabe.

sELTroN #5A - ExpOsuRE & EFREcls - INHAIAroN

RouTE OF ExposunE & EHRECTs - INHALATroN

Acute:              hhalation of gases and particulates produced while firing anmurition may result in
ndld throat, eye, `mer reapintory and lung iritalon.  'Ihe iritant effects may lead
to lung symptoms such as blonehitis.  An over exposure to gases or partioulates may
also  caLLse:   anemia;   nervous  rystem  symptoms  which  may  include  irifabinty,
hedache, Iestlessness, fatigue, muscle wea]mess, muscle tremor, convulsions, loss
of memory,  visual and  hearing distiifoanoes,  loss of coordination;  gastrointestinal
effects such as vomiting, colic, diandca or constipation; circulatory symptoms such
as a drag in blood pessure; rquductive effects including fndlity problems, birth
defeats, miscariages and possible kichey damage.

Chronic: Prolonged  repeated  over  exposure  to  fired  cartidge  gases  and  particulates  may
result  in  elevated  blood  lead  levels  and  devoted  zinc  pro€opoxpdyrin  levels.
Symptoms of chronic overxposure to lead may include: anemia; had lines on the
gums;   nervous   system   symptoms   which   may   indude   ilritabhity,   headache,
restlessness, fatigue, muscle wealmess (I.e. wrist drag), muscle trmor, convulfrons,
loss    of   memory,    visual   and   hearing    disairbances,    loss    of   ccordinafron;
gastlointestinal effects such as weight loss, vomithg, cdic, diarrhea, constipation;
circulatory  symptoms  such  as  a  drop  in  blood  pressure;   reproductive  effects
including fndlrty problems, birth defeats, miscarriages and possible kidney damage.

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

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

SECTION #58 - EXPOSURE & EFFECTS - SKIN

ROuTEs OF ExrosuRE & EFFEcls - SKIN

Acute:               Elemental and incnganic lead compounds ae not abschoed through the skin.  Cfroin
organie lead compounds, however, can be absorbed through the sldn.

Chronic: Hemental and inorganic lead compounds ae not absorbed through the Skin.  Certain
organic lead cofxpounds, however, can be absofoed through the skin.

First Aid:         wash exposed areas thoroughly with soap and water.

4



®

®

®
®
®
®
®

®

®

®

®

®
®

®

®

®

®
®
®
®
®
®

MF]Y  26'9915:48   FR   FEDERF]L-SfiFETY   DEFT     612   323  2445   TO   91785864531r7             P.e]5

sEcnoN #5c - ExrosunE & EREcrs - EyEs

RouTEs OF FmstmE & rmEas - EyEs

Acute:              Contact wTh large volumes of smoke may cause minor eye iritafion.

Chronic:           None lxported

Firm Aid:        Rmove peson to fresh air.  If forign body is suspected, wh eyes in fech water
for 15 minutes, contact physician.

sEc'IroN #sO - ExpOsuRE & EFREcls - INGusTI]ON

ROuTE OF ExrosuRE & EFREcls - INGEsnoN

Acute:              Acute ingestion of lead may occur from poor personal hySene associated with the
handling of lead bearing matedals.  The effects of lead ingedon would be rimi]ar to
those listed under acute inhalaton in addition to gastrointestiml irritation.

chrfuc: Chronic ingestion of lead may occur from poor personal hyriene associated with the
handling of lead bearing materials.  The effects of lead ingestion would be similar to
those listed under chroric inhalation.

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

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

sEclroN #5E - Expost]RE & REFEcrs - cARclNOGENEsrs DATA

N.T.P.             No

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

OSRA:             No

sEcmoN #5F -Frmst]RE & EFREc'rs -     MMENTs

IIead and barfum ae toric metals, which may be rdcased during the firing of modrm ammunition.
ae should be taken in the cleaning of range facilities to nrininrizx; the quue potential to lead
and barinm.  Persons engaged in these aedvities should wear protective clothing with an a|prapriae
reapintor.   Ehoge qperators should consult OSHA 1910.1025 for details pertaining to the handling
of lead in the work environment.

Severe  led  intorication has  been associated  in  the past  with  stedlity,  albortion,  and  stinbirth.
hfodem infomation cutming that.lead poisoning affects birth rates or causes injury to the fu)s
in man is not conchisive.
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SECTloN #5G - AGGRAVAHON OF mE+EXISTING REAlrlH CoNI)rmoNS

AGOuvATION To mE-FmsTING REAI;H coNDITnoNs

Exposue to lead can aggravate pe-existing anelnia,  erdiovascular and riratory diseases and
conditions rdated to the gastrointesthal, rquoduetive, rmal Qidney) , and central nervous systems.

Reference:       m9_ustrial Toricolog_v_.__Safety and Hedth Applications in the vygrkyhaae±;
Wimans/B.

SECTION # - REACTTVITy & ro  yMEREATION

Stability:

Conditions to Avoid:

hcompalble hfaterfu :

±dous fromposition
iferials:

Pdymerization:

Stable under nomal use conditions

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

Oils, acids, Alkalies, Ammonia, and other comsive marfuals

Oxides   of  Barium,   Ifad,   Antimony,   Aluminum,   hfagnesium,
Nitrogen, Carbon, and Sulfiir.   Ii=ad and Andmony fune may also
be preduced.

Win not cx#ur

sEc'IroN # - sml.s, IEAKs & DrsrosAL pROcEDUREs

sTErs TO BE TAKEN - spnl.s:

Avoid conditions detailed in Section #.  If container should rupnire, place al lcose cardidges from
broken shipping cases into a sturdy container.  Secure container carefully.

Waste Diapsal Mthods:        Contact Manufactuer -Predut service (612) 323-3706
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SECTTON # - SRECIAL moTECITVE EQulEMENT

Ventilation:                   Use  in  a  web-ventilated  area.     Consult  the  cuLrrmt  addition  of ACGnl
hdustrial Ventilalon hfanual and/or NRA ventilalon recommendafrons.

Protective Equipment:

Eyes:                              Recommend protective eyewear conforming to ANSI Z-87

Gloves :                           Not generally requrired

Reapintors:                   Use an approved reapira€or while cleaning range facilities.   Conalt OSIIA
1910.1025 for exact requirements.

Hearing protection:      Hearing protection recommended while discharSng cartridges

SECHON " - spEclAL pRECAUTroNs - sroRAGE & HANDLING

Store in a dry, cool area in the original container to assue perfomance.  Keep out of the reach of
children.   Avoid striking the primer Of unchambered carchdges.   Remove ammunition from service
if any of the following conditions have occurred :

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

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

Although reasonable care has been  taken in  the preparation of this dcoument,  Federal  Cartridge
Company extends no wamnties and makes no xpresentation as to the accuracy or completeness of
the infomation contained  herein  and  assumes  no  reaponribhity regarding  the suitabhity  of this
information for the user's ineended purpose or the consequences of its use.   Each individual should
make a determination as to the suitabhity of the information for their particular purpose.

**   Tt]TFiL   pfiGE.®a7   **
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This thterial Safety Data Sheet has been prepered in compliance with Federal OSHA Hind
Communication Standard ]9 CFR  1910.1200. ALN-SI ZJ00.I-1993 and the IS0 Satfty Data Sheet
Standard  This product may be considered to be a hiLzardous chemical under 29 CFR 1910.1200.  ms
inforrmtion is required to be disclosed for safet}. in the u.orkplace.   7*4r IWSZ}S dr qzp/gca4fe arty to the
prodl.ct .identif rod herein and only wher. ILsed property.

NOTE:  Flefcr to Section XVH for fdr a/J4c7'onym

Preduct:                          Carthdges. Small Arlus
Tmde Name:             CENTERFIRE RIFLE, PISTOL & REVOLVER

LOADED ROun
CAS  RegistryNo.:       N/A
CAS Name:                    N/A                                                                                           HMrs RatiD2
Fo miula:                         N/ A                                                                                     Health:                2
Molcctilarweight:        r`l/A                                                                                      F]apmat)ilfty:     0
G rade:                             N/A                                                                                     Reactivi ty :           I

Nom

This list includes. but is not limited to, those hazardous materials which comprise
grcatcr than l®/o (0. I®/a if carcinogenic) of the total component weight per 29 CFR
1910.1200.

A Centerfire RIfle. Pistol and Rev.ol`.er 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.     Propellant                 Nitro¢ellulose, Nitroglycerin. Dit>utyL ph(halate, Graphite
J.    PriDcr                      Copper. Zinc. Lead. Antimony. Barium. Lead spphnatc. Tctrazcne

Issued:  April,  i995 Page I of 7
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Remlngton Arms

REMINGTON   ARMS

Material `Saf edy Data Sheet

C.\S or Chemical Nape:
C.\S Registry ^Nunbcr:

I._IST_OFHAZARDOUSCHEMICALS
( (n Alphaberfu Order)

ALYT"ONY
7un-360

Elposurc Standards:
PEL (OSHA) ....................... TWA 0.5 mg/m'
TLV (ACGnl) .................... TWA 0.5 mg/m]

®
®
®

®
®
®
®

®

®
®

b

GAS or Chemical Naine:
CAS Registry Number:

BAR"
74JO-39-3

Elposuit Standards:
PEL (OSHA) ....................... IWA 0.5 mg/m]
nv (ACGnD ..

CAS or Chemical Nape:
CALS Registry Number:
Elposore Standards:

PEL (OSRA) -...........

TLV (ACGHD ..........

rvA 0.5 mg/m]

COPPER
7uo-50-8

....... rvA (ire) 0. I mg/m3
rvA (dust, fnist) I.o mg/ml

....... TWA (fiime) 0.2 mg/m]
TWA (dust, fnist) I.0 mg/n]

C.as or chemical Name:            DIBUTYL PHTHAIATE
CAS Registry NUDt]cr:               8+-74-2
Elposore Standards:

LELv((:Sc#ti..:::::.::::::::::::.#£::%::

C.rs or chemical Nanc:           GRAPEITE
CAS Rectstry Number:              7»04410
EIposure Standard]:

PEL (OSRA) ......
(Synthetic Graphite) Crransitional: TWA Tini Dust:  15 mg/m] ;

Respirfule Flaction: 5 mg/in.)
TWA Total Dust:  10 mg/fn3; Rcspirable Fraction: 5 mg/m'

TLV (ACGrm .................... TWA 2 mg/E'~(.I?.spirable dust)

CAS or Chemical Nape:
GAS Registry Number:

.... Orat`rd GTaphite) Chansitional: TWA 50 mppco TWA 2.5 in_g/m]

Lrm
7+39-92-I

Exposure Standards:
PiEttt&ScEb.::::::::::::::::.:::#£8.:::#:

-                                             BE15Ow in blood,  L50/g.crcatinine in urine

Trade Nalne:                                   LEAD STYPEINATE
CAS or chemical Name:             LEAD TRINITRORESORCINATE
C.rs Registry Number:                63918-97-8

None established.Exposure s(andards:                                                                                                                                                ...

[ssucd:   April,  199S Page 2 or7
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Remir.gton Arms

REMINGTON   ARMS

Material Sofigty Data Sf.Jest

C.`S or Chemical .`.:iine:
CAS Registry Nulnl]cr:
E=posurc Standa[.ds:

.YICREL
7JJOJ)2u

PEL (OSHA) ....................... TWA Soluble Compounds:  0. i  mg/m'

TLV(ACGHD................#£[L=o°iu£':,Comp0undslortym]
(PToposed: TWA 0.05 mg/m] : hiirmn carcinogeqi)

__=______________           ----- _==-I____ .....- : ---------------------------------- =--== ---. _    _______

Trade Name:                                NITRO CELLULOSE
CAS or chcDical Name:            CELLULOSE TETRANrrRATE
CAS Registry Number:              9004-700
Ezposurc standards:                   None Established
=_______==_______I________====__-I____       .-.-------- i       -------.-..            _    _____._ ....  _       ___:______==-::_=.:__    __      ____

GAS or Chemical Name:
CAS kegistry Nunb€r:

NITROGLYCEEN
55630

Exposure Standards:
PEL (OSHA),.„ ................... Transitional: TWA CL 0.2 ppm (stdn)

STEL 0. I mg/m3 (rfu)
Thv (ACGnl) .................... TWA 0.05 ppm (skin)

GAS or Ch€nical Name:
CAS Registry Number.
Exposure Standards:

TETFLARENE
109-27-3
None established.

CAS or Chemical Nape:
CAS ReBstry Number:
Elposure Standards:

ZINC
7W0i;66
None established.

Emergency overview:                   Accidental fire or explosion may cause scvcre injury or dcatlL,

Potential Human Health Effects:
Skin Contact:

Eye Contact:

ITLhalaLion:

Ingestion/Absorption:

May caiisc allergic reaction (sensitization) in susceptible individuals.

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

Inhalation of lead drLst or fumes Tiny cause irritatioti to nose. throat.
upper respiratory tract and lungs.  Irritation may lead to bronchitis`
headache. lowering of blood pressure and weakness.

Ingestion quay cause severe headache, tLausea, vomiting, abdolninal
pain. fatigue, diaLrThea. trembling. ringing in ear and salivation.

Carcinogenicit}. Inromation:      This prodrct is not classified a carcinogen by lARC. OSHA. NIT or
EPA.  Lead is classified a carcinogen by IARC.

Issued:   April, 199S Page 3 or 7
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Rendrigtori Arms   '

REHINGTON   ARMS

+(qierial Scifet]i Data Shect

Iv. FusrAm nmAst;HEs  ..

Skin Contact:

Eye Contact:

hhalation:

Wash affedtcd area thoroilghJy. with soap and water.   Rc[tto`'e comamiaated
clothing.   WaLsh clothing thoroughly prior to reuse.   Discard any contarimted
leather items (i.e. shoes. ctc.).

If wearing contacts. irmcdialcly remove contact lenses.  Hold eyelids apan and
flush eyes thoroughly with water for at least  15 minutes.  Obtain medical
attention irrmcdiately.

Immediatdy remove to fresh air.   AdltLinister artificial respiration. if necessary.
If breathing is difficult. administer o.vygen.  Obtain medical attention
i-ediately.

hgcstion/AI)sorptioD:      If conscious` drink laLrgc amounts of water.  Induce vomiting.  Imznediately
contact a physician o[ Poison Control Center.  Jvevcr induce vomiting or give
anything dy mouth to an unconscious person.

Flammable properties:            Refer to ffl4S fta/ing.  May ignite if hca(ed to 250°F.  Will ignite when
e.`cposed to flame and high temperatures.  Be cautious of shrapnel.

EringuishiDg Media:               Flood  fire with water to fight fire and ccol shells.  If no water is availat)lc,
qLse carbon dioxide, dry chemical or earth.

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

Safeguards:

Spill acanuii:

Accidental REcasc:

Remove from all sources of ignition.

Use nonsparking equipment to clean up spill.  If disposal is necessary. refer
to .xlli. DlsposAL coNslDERmoNs .

See above.

Personnel Handling:

Stora8e=

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

Store in original containers in a cool, dry. well-vcntjlated area away from all
sources of ignition.  Do not subject to mechanical shock.  Keep out of reach
of children.  This product mwsf nor be dorcd with acids. strong oxidizers or
caustics.

Issued:   April,  199S Page 4 or 7
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Remirlgton Arms

REMINGTON   ARMS

¥pledal Safety Data Sheet

EngiticeriDg controls:                      N/A

Personal Protecti`.e Equipment:   .  Safety glasses recommended when handling or firing rounds.
•  Hca[ing protection recommended when firing rounds.
•  Use of NIOSH/MSHA-approved respirator tcquired when exposed

to fumes and/or d`ist in an enclosed or poorly-ventilated area.

Exposure Guidelines:

Elposurc Limits:

I  Keep prodrct away from soLirces of accidental ignitiozL

•  E.xposure limits listed with each hazardous chemical.

PHYSICAL DATA
Ap|}earance: Projectile: eylindrical: graprish. sil`rery color

Case:  eylindrical; broREe color

Form:
Color:
Odor.
Boiling Poiut:
Speciric Gravity:
Vapor Density:

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

Eva|]oration Fbtc:
Melting Point:
sO]ut]ilrty in watefi
pH:

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

Other Elazards:
Incompatil)ility:         Incompatible with acids. strong oridizers and caustics.
polymerizatioD:          will no( Occur.

CoDditious to Avoid:         Flames, sparks, percussion, shock, static, high temperanircs (266®F or l30°C)

Oral LD 50:                     No available data.
Dermal LD 50:                No available data.
hhalation LC SO:          No available data.
Irritation:                         Not a skin or e?.e irritant.

Aquatic-Toricity:
Lead qc 50) to Bluegill:  2-5 mgA
Barium to Stickleback:  loo mg^
Barium Nitrate to Stickleback:   760 mg/1

Environmental Impact:

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

Issued:  April,199S Page 5 or7
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Regivngton Ares

REMINGTON   ARMS

M___qteripLstrfetyDcttashect

Ths product is considered a chancteristic hazardous waste per JO CFR 261.24/or diprrdp«poses
on/y.   Dispose of as rcquiTed dy local, state aLnd federal Laws and rcguJatious.

IPA Hazardous Waste Code:  D008 (lead)

sEmpING INFORMAnoN
Proper Shipping Naine:
Hazard aas:
UN"A No=
Packing Group:
Shipping I.abel:
Special hfoTDatioD:

Chidgcs, Squn Arms
ORM-D
N/A
N/A
None reqtrired.
htryr be rcclassified internationally as:

ELzard class:         I.4S
UN/NA No. :           UNcO 12
PachigGroup:     D
Shipping habcl:      I.4S Label

u.s. FEDERAL REGulAnoNs
TSCA hvcntory Status:  hcluded on list.

E[AZARD clAssmcATION
Chronic Health:          Headache, musea. wealcness
Acute Health:                ALncmia. elnbryotoxi n.
F.`re Ela&a,rd..                0 (pe\ IINas Rating)
Pressure Hazard:        SLidden release of pressure.
Rcactivity Hazard:      i (per ffl<LtsRafi.ng)

NFPA Rating:    Not cstallished.

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

References:
Code Of Federal Regulations, .+lonthly Summary. C:FR.19\0.\Z00¢) and. A;ppendirE ®.).

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

Hazardous Chemical Desk Royerence :   Third Edition, ELic;hard I. Lewis` SI.. Van Nos`1aLnd Rctwh,all.
Copyright  1993.

American +alional Standards [nslilute` Z+00.I-\993

In[ernalional Slandards Organi-.alion Soy;ety Data Sheel Slandard.

Issued:   April,199S Page 6 of 7
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RE±±_gtonArrns

REMINGTON   ARMS

Motcrial Sod_sol Data Sheet
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ACGH            American conference of Governrncntal Industrial [fygicnists
AmA WEEL American lndusthal Hyaenists Association-Workplace Eqwirormental Exposure level
ANSI                American National standal.d Institute
BEE.                 Biological Exposure hdexes
GAS                  Chemical Abstract service
CFR                 Code of Federal Rcgulatious
CL                    Ceiling Linits (not to bc exceeded)
DSL                 Domestic substances List
EPA                 Environmental protection Ageney
-             Hazardous hthterials Identification systezn
IARC               hterDational Agency for Research on cancer
IATA              htemational Alr T(ansport Association
ICAO              htcmational civil Aviation chganization
IS 0                 htermtional standards organization
hdrl             Mnistry of htcr"tional Trade and lrdistry (Japa]i)
MSHA            Mne safety and rfealth Appliance
NFPA              Nalonal Fire Hotection Association
NIOSH            National Institute for occupational safety and lIEalth
NTA                 National Transportation Ageney (Canadr)
NTP                 National Toxicology program
OSHA             Occupational safety and Health Adminismtion
O RM               Other Regulated Mterials
PEL                  Permissible Exposure Limit (OSHA)
S CBA              Self<ontained Breathing Appantus
STEL               Shon-Term Expos`lre Limit
TLV                Threshold Lirit values (ACGHD
TSCA              Tordc substances control Act
TWA               Time weighted Average
UN/NA            United Nations/North Americali adentification nulnbcr)

For additiotial infortDation, please contact:

RetBington Ams Company, hc.
Co tistimer InfomatioD
Wilmingtob, I)E l980S

(800) 243-9700

The information contained in this .Waten.a/ Sdyrety Da fa Sheer is provided to all individuals who are or will be
eiq>osed to this product through use, handling, storage or transpott  Ranington believes, yet makes no `razTanty, that
au  infomation contained in this doc`ment is current as of the da(c OfpublicatiotL

Issued:   April,  1995 Page 7 of 7
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aENEFtAL MOTOF=s cOF3pOFIATION`                  MATERIAL SAFETY. DATA SHEET

SECTION 11 -lNGflEBIENTS
(ll,t all lng,®dl®nts)

C^S  P€CISTflY  NO` xW *V CHEWcO NAV€{Sl :''ffl'diil:a,€i:#%®#f

7664939 37 Sulfurlc   ^¢1d
`

7732183 &190 .    Water NA

742m LeAc] W^

-S€para--I-Ot.,    --          _      _       -

D4ramt¢

-     _i--,.*-- --
--_

- ¢aso   and   CLoveri      Polypro.Dvlene   (Pla£[[ct

SECTION Ill - PHYSICAL DATA
ioliiHa poih_tin.I  _S

--.`.... Av aqa   1.2f]0   i   .01

y,AEpiEsSuRi¢  dr+|3fa  D rd mctNT votATii€ .y vcLUM€ t"
`- #ElgH¥T,£9UO€v _ttl-

VAPOR  O-ENSITY  IAIR .1)
NA

fvAPOA^TION toTE I               .I )
\.

soii'BIi.,rnNMrsAc|8ie     --       T W.                                                   __   { 1.a
^'Ja€tAa'fhs€.|Hipt8°€!qutd  (acid  contehc)                    _    _   _     _   [ '3Mffi.|Affiueufu#_

SECTION IV - FIRE AND EXPLOSION HAZAf]D DATA
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AN§LJL®      #UNLfiF¥.#:4iT3¥. 54E

E-KAN rao1

MATEFIIAL  SAFETY  DATA  SHEET

FOPAY
OulcK  IOENTIFIEF]  (ln  Plan`  Common

#a#ue/:acturel.S    ANSUL  FIRE  PBOTECT'°N                                                                              EeTaB;#?No.:     (CBEj)M42Ej:goo

^dd.e5E:                One  stanton  sLree(,  Marinatt.,  W154143-2542                                               C)IIiar lnlerTnalron  ol s)  735-7411
Ca'lS:

pr®oa/co  Ely:         Salely  and  Hoallh  Department                                                                                     Date  p/eparad:      April  22,1994

SECTION  1  -  lDENTITY
Common  Name: {u6ad on  lab¢n         FOF`AY  Dry  chemical  EX[Ingllishing  Agent                       GAS  No.:           N/A
|Trade  Name aha Synonyms)

ChBmical                    N/A  Tliis  is  a  Mixture                                                                                                          ChBmisal           M'ixture
N 8me:                                                                                                                                                                                                         Family:

Fo/in u li.                    N/A

SECTION  2  -  INGF)EDIENTS
PAF`T  A  -  HAZARE)OU§  INGF)EDIENTS

Principal  Hazerdaua  Compt}nant(S)  {Chemical  and  common  rtame(9)): W'.% C^S  No.                    ^CGIH  TLV              Acui.  Tolici`y  Darn
'     Magno§ium Aluminum.Silicate  (Attapulgite  Clay) 5.7 B031-18-3             10  inI/M3           N DA

PART I -  OTHER  INGF`Et)lENTS

OLh®/  Companon4g) (chemical  and  common  name/§)): Vvl.  % CAB  No, Acii`e  Toli¢ily  Oal8

Proprietary  Mixtures  of:MonoammoniumPhosphate 6542 7722-76-1
97r3b(:%t/)k:D50

Amrnonium  Sulfate 1 2-22 77al20-2 Oral  {f]at)  LD50
aooo mg/kB

Calcium Carbonate <2 1317.65-3             10  ing/Me           NDA

Mathyl  Hydrogen  Poly§iloxane <1 63148€7-2 NDA

Yellow  Pigment <.05 5468.75-7 NDA

SECTION  3  -  PHYSICAL  AND  CHEMICAL  CHAPIACTERISTICS  (Flre  and  Exploslon  l]ata)

i:i#?:9
N/A

8Pr&°;i`#C(H2o  „       N/A                  ymaR°rH;)I:es€ure     N/A

Percenl  Volllil®I)yVolume(OA): N/A Vapor  DonEiLy                   N/A(Air-1):
fvapo.ra:i,:n plato          N,A

#RE',#`. Slight aej:i,i:vlly in                  Unreactiva

lyaJ`E.a.£onttF. Yellow colored  powder,  no charactoiistic odor

Flash  Painl: None
TaATrm£°:ey Ljg,jutsme:    N/A #i#::ul3hat                 N/A                 S:Lt+plg#LO,::         N/A

;Fg°£':LFE'r.eeedu,es:     NONE
-  THIS  IS  AN  EXTINGUISHING  AGENT

Uousual  Fire  andEiipll]EionHazards: None
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SECTION  5 - HEALTH  llAZAf]DS

E-KAN B02

FORAY (Continued)

SECTION 6 - EMEF]GENcy AND  Fm§T  AID  pF]OcEDufiEs
Eye co^i8cl:                     Flush with  large  amounlg  of water;  il irri.tation  persists,  seek  Medical attention.

Skin conlacl:                    Wash  w;lh  Soap  and  waler;  it  irritation  pers:sis.  eeok  Medical  attention.

lnl`.l®tian:                          Pemov® victim  lo  lrosh  air.  Seek  Medical  al[ention  if discomfort conliilues.

lngosilon:                           If patient  is  conscious.  give  large  amounts  of water Eind  Induce vomiting.  Seek  Medlcal  help.

SECTION  7 - SPECIAL  PFIOTECTION  INF0flMATION

rsa#£;;=;ftyloTry#leco.on     Dust mask whore  duatinese  i6  provalent.  or TLV oxca.dad.  Mechanical filter respirator if  exposure  isprolonged.
Vantilaljan:                       E#ut    Discre(ianary                                   (MGeecnhB#i;:al      Recommended

:i##:''°                        N/A                                                                       EyoD`ee,Len:       :xe¢peosmu%?ndad  a8 mechanical  barrier for prolonged

8}S,arfnpgroo`,ceEavuipmenr.    If  irritBlion  OCcurs.  long  Sleeves  and  impervious  gloves  should  be  worn.

SECTION  8  - SPECIAL  PPIECAUTIONS  AND  SPILL/LEAK  PHOCEl)URES

Fn'.Hcaanu;i,?nngsfdb%,:arak#:            Should  be  sIored  in  orioinal  container or Ansul  nre oxtinguis|ier.

?.I:#uitons:                                  Do  not  mix agents.

Sule#ifj:8atFekfina?%;„od:Sweepup.

#e];;giiD:Eposal                            Dispose  of in compliance with  local, 3(ate.  and fodoral  regulations.

HAZAF}DOUS  MATERIAL  IDENTIFICATION  SYSTEM  FIATINGS
HAIAFID INDEX:
4   SBvem Hazard -i HEALTH
-   SeriauEi Hazed2ModerateHaza/I

i FLAMVABILITY
1    Sugh`  HazardaMiniiiulHazerl) i flEACTIVITY

N/A  -Not Applicable              NDA  =   No  Data Availablo

^NSLJL .nd FtN^Y an) ..oi.`afl)a u'demari(I.

ANSLL FIF€ PFOTECTION. hAAF]NETTE, w S4143€S4£            715-735-71` 1 Forrri  No.  F-Bsaoee        l11991  Watmeld ll.a.,  lric.            Ihho ln  lJ.S^
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ca DEEF]E  a  COMPANY
John Deere Road, Moline, lL el 266
I-BOO-822-8262

Matorial Safety Data Sheet

JOIN  DEERE  PROI)UCT  NARE:     By-a.rd  T=.noL..ion  ut  H]rdLE.uric  Oil

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

T¥6354,   jun69444,   an69445,
TY22028,    TY22062,   TY22077,
TY22078,   TY22079,   TY22080,
TY22092

--------------------------  8|c"cpr I  - mcouc# IORElrlcArlctw -------------------------

CHEMICAL  NAPE  AND  SYNONYMS:     Iiubrlcating  Oil;   Hydraulic  Fluid;   J20C
CHEMICAL  FAMII,Y:      Hydrocarbon                                             roREtJIA:      Complex

--------------------------. =c#ICEN 11  -  mz^azxp.  "aEE`DI"&  -------------------------

INGREDIENT
Solvent  refined,
hydrotreated,  heavy
paraffindc  distillate

Solvent  refined,
hydrotreated,  middle
distillate

PERCENT

Severely  hydrotreated
light  naphthenic  distillate

Polymeric  additive  in  oil
(poly-methacrylate)

Additive  contalnlng  zinc
dialkyl  dithiophosphace

*for  oil  migt8

BOII.ING   POINT:      N.A.
8  VOIATILE  VOIIUME:      N.A.
VAPOR   DENSITY:      N.A.

TIJV/Pet,

SO-60                       5  ng/m3*

0-25                       S  mg/m3*

a-25                      5  mg/n3+

10-15

5-6

None

None

V. P.                  9RE

64742547

64742467

64742536

None

Mixture

•=cflcw Ill  - m8ICAL BAIL -----------------------------
SP.    GRAVITY    (WATER=1):       0.89
E\npoRATloN  RATE:     N.A.
SOIiuBIIilTY  IN  VATER:      Insoluble

APPEARANCE/ODOR:     dark  amber/slight  odor                N.A.   -  not  avaLilable

----------------------  s=cTlon rv - nm  I mloslow tlAz]\RD n^=L ----------------------

FIASH   POINT:      390°   F     C.O.C.                                                    FIA104ABIiE  LIMIT   -I.EI.:      N.A.
EXTINGUISHING  REDIA:     Water  fog,   foam,   dry  chenLcal,   carbon  dioxide,   or  halogenated
agents .
SPECIAI,  FIRE  FIGurlNG  PROCEDURES:     I)o  not  u.e  a  direct  .tream  of  water.     Product  will
float  and  can  be  relgnlted  on  .urface  of  Water.    Cool  fire  exposed  containers  with
water.     Use  NIOSH  approved  Self-contained  breathing  apparatus.
UNUSUAL   FIRE   €   EXprosION   HAZARDS:      None
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E= DEEFtE  &  COMPANY Material Safety Data Sheet

DATA  SHEET   NO:       8503-40,loo
Page  2

---------------------------  &BenoN v -  fq=AI," f[^z^E`D  n^I^ ----------------------------

EXPOSURE  L"IT:     See  Section  11  -Hazardous   Ingredients
EFFECTS  OF  OVEREXPOSURE:     Exposure  to  `rapor.  or  rists  of  this  product  my  cause  rfuld
upper  respiratory  tract  irritltlon.     Prolonged  or  repeated  contact  nr`ay  cause  various
skin  disorders  guch  as  dermatiti.,  oil  acne,  or  folliculitis.    Eye  contact  is  rinimlly
irritating.    Effects  of  ingestion  are  expected  to  be  relatively  non-toxic.  Exposure  to
product  lnay  aggravate  preexisting  skin  and  respiratory  conditions.
ERERGENCY  6  HRST  AID:     E][sE  -flush  wlth  irater  15  minutes.     Skin  -remove  contarfunated
clothing;  wash  skin  with  soap  and  water;  1f  lnaterial  is  lnjecE:a-under  the  skin,  do  not
wait  for  symptone  to  develop  -  get  medical  attention  promptly  to  prevent  serious
damage.    Inhalation  -  renove  victim  to  fresh  .ir  and  provide  oxygen  if  breathing  is
difficult.     Inqestion  -  do  NOT  induce  vomiting.     In  all  cases  seek  lnedical  attention.

----------------------------  s=c=Icny iB  - n=AcervEH D^=L -----------------------------
STABIIilTY3      Stable
INCOMPATIBII.ITV:     Avoid  open  flame,   and  oridLlzlng  materlal8
HAZARDOUS   POI,YIERIZATION:     Will  not  occur
DECOMPOSITION.  PRODUCTS:     Dependent  on  cofroustion  conditions.     A  coxplex  mixture  of
alchorne  Solid,   liquid,   and  gas  will  evolve  when  thi.  material  undergoes  pyEolysis  or
cottbustion.     OxicLe.  of  carbon,   .ulfur,   pho3phorou8,   and  other  unldentlfied  organic  com-
pounds  may  be  fomed.
------------------------  s=cflcrty VII  -  !pll4 cm I=^x pE`~m=  ------------------------

STEPS   TO   BE  TAKEN   IN   CASE  MATERIAI.   IS   REI-EASED  OR  SPILI.ED:   Dike   and   contain.   Use  vaouuri
or  an  absorbent  such  as  clay  or  sand  to  pick  up.     Flush  area  with  water  to  remove  trace
residue.     NOTE:     This  product  is  classified  a.  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  waters  or  any  watercourse  or  Sewer  leading  to  surface  waters,
must  be  reported  to  the  National  Response  Center  BOO-424-9802.
WASTE  DISPOSAli  METHOD:   In  accord  with  federal,   state,   and  local  regulations

-------------------  8=cTlow VIII  -  pfLotzBCTr`n lqoln4Bm  -n=ION  -------------------

VENTIIATI0N:     I.ocal  exhaust  to  keep  TLV/PEli  below  acceptable  levels
RESPIRATOR:      NIOSH  approved  as   needed                        EYE  WEAR:     Recomended
GliovES:     Recolmnended  to  minimize  8kln  contact    OTHER:

---------------------------  &BcttcAV Ix  -  .fl,cl]\L pE`|cAtrylcuts  --------------------------

Minimize  skin  contact.     Wash  with  Soap  and  Water  before  eating,   Smoking,   or  using
toilet  facilities.     I.aunder  contazninated  clothing  before  reu!e.     Properly  dispose  of
contaminated  articles  including  .bo..  that  cannot  be  cleaned.    Store  in  a  cool,  dry
place  with  adequate  `rentllltlon.     Keep  .Way  from  open  flane8.     Keep  away  from  children.
-----------------------------  8Ic"cAV I - BAIL pRIEARAIIcar ----------------------------

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

SIGNATURE:                                                                                                   DATE:      January  29,1998---------------------------------------------------------------------------------------
the  lnfomatlon  contain.d  h.I.1n  1.  b.11.v.a  to b.  .ccuF.t..  »ovev.I,  Ao unrzatLty  1.  expf.|g.a  or  lnpll.d  I.g..ding  th.
accuracy of  theo.  data  or  the  I.salts  to b.  obtain.a  frota th. `i..  th.I.ot.    `/.fidor  ..sun.a  no  Z..Ponstolllty for  lzl]ury
to  v®nde.  o.  third  persons  proxl.at.1y c.u3.d  by th. -at.rlal  lf `r..son.bl.  sot.ty ptoc.d`i[.3  are  tLot  .dh.I.a to  aJ
atlp`ll.t.a  ln  th.  d.C.  sheet.    f`ifth.znor.,  `/.nd .... a`in.a  th.  rl.k  lfi us. of th. -.t.rl.I.
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CITG0 Petroleum Corpo"tion
P. 0. Box 3758

Tulsa, Okinhoma  74102

Material Safety Data Sheet
Tndc Name:           CrrGO No, 2 Ftie[ Oils, AII Grades          Date:  September 26,1997

GAS No.:                 68476-30-2                                                        Cornmedity code:        AG2FO

Synonyrtis:               Fuel oil, No. 2                                                  Tediiiical contncc                (918) 495.5933
Medical Emergeney:            (918) 4954700

CITGo lndexNo.:  5388                                                                   CEHMTREC Emergency:   {sOO) 424-9300

IVIATERIAL IIAZARI} EVALUAThoN
(Per OSHA Ilazard Communication Standard B9 CFR 1910.1200])

Health preeautious:     DANGERS Harmful or fanl ifs`mLIlowed; can enter the lungs and cause
damage.  Cofitains Petroleu][i Distillates.  ]fsw8lloved. do not ind`ice vomiting.
Call a physician immediately.  Kcap out of reach of children.

Safdy prunqdons:       Combustible Liquid.  Keep airay from heat, flame and other potential ignition
souKas.

HMIS R4tingl :                Health: i-                         Flammchility:  2                            Rcactivity:  Q

I.0 GENERlc cohmosmoN ; cOMpONENTs

P . a I /©7

conpeBents CAS No, % Hqurd I)&t&
pctrdeun Distillates 68476.30-2 loo Oral LDso (ut):                 9.0 mvkg
(A complex mixfurs ofhydTacaTbous. DemalLD(nbbit):        >5gm/kg
having a viscosity range of 32.6 SLJS Demal scnsitization:      Nonscnsiti2ing
to 37.9 BUS at 37.7® C {looap).) Skin {fabbit):                     Irritmt

Eye (rat]bit):                       Mild iTrinnt
Teratogenesis (rat):          Negative

2.0  PHYSICAL DATA
PHYSICAL I+AZARI) CLASSIFICAHON (Per 29 CFR 1910. I 200}

Combustible Yes Flrmmdrle No Pyrophoric NO

Compressed Gee No Organ ic Peroxide No Redvity NO

Explosive No Oxidizcr No St,ble Yes

......) 'Hazud Rating:    lea5to;    slight-I;    med¢tac+2;    high.3:    ¢xtrene4.
CITcO8ssigElcduc§evaluesbapedoDonevquon.cobducte4.prs`iae.foNPC^gdridelineL.Uscafmdsterist

.        ',.i.        .                       11..            ``J     .... I.i,.`,I            .           I

Eri~ELffi¥:,ny~¥ca:ELffi%#+=,;`:,=`:-±ieriq¥Eir=
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2.0  PHYSICAL DATA (continued)
Boiling Point. 76o mm Hg, oC (°F):
Spcc{fic Gravity (0 ®F) (H20 i 1 ):
Vapor Der`sity (Air = I ):
a/a Volatiles by Volume:

Melting Point ']C {oF):
Vapor Pressure. mm Hg (25 °C):
Solubility in Water:
Evaporation Rote:(n-butyl acetate = I ):
pl] Of undiluted Product:
Appeatthc¢ and Odor:

Dyed:
Undyed:

8i6    746    5544    To    178586453i7                   p.®2zel7

A

160 -360 (320 -680)
0.84
>1

ND
-29 (-20)
2-26
Negligible
<1

NA

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

3.o  FinE AND ExpLosloN DATA
Flash Poillt CX=, ac (®F):
Flash Point, CC. ®C (®F):

£Fp°ign#?nngg:mperfure,oc(®F):
FI&mmable Limits C% by volume in air):
Eriinguishing Media:
Special Fire Fighting Procedure:

UnLLsoa] Fire or Explosion tiazard:

4.0  REACTIVITY DATA
Stability:
Conditions Contributing to Instability:
]ncomp4tibility:
Hazardous Decomposition Products:
(th€"i&[, unless otherwise specified)
Hazndous Po ]yTn erizzition :

ND
52 - 85 (125 -  185)
254 - 285 (489 - 545)
Health:  Q           Flammability:  2
I.over.  Q£       UFlpel=  Ig
C02, dry chemical, foam, VAter fog

Rcaedvtry:  Q

Wear self-cobtalned breathing apparatus when in a
conftned area.  Structural firefighter's protective

#:p:r:iv#`:&n:ypp#¥#e##*n:::t#;MSDs
may release irritating fumes.

Stchle.
Heat. fhae.
Chidizing ngefits.
Carbon dioxide (C02), smoke, fiimes, hydrocawhns,
carbon moBoxid€ (CO) and oxides of nitrogen,
Hazz]Tdous polyTnerizfltion is not expected to occur.

5.0  spn.L, LEAK AND DlsposAI pROcEDUREs
PToedure if Material is Spilled:
•     Remove sources ofheut or ignition; provide ventilation: contain leak.
I     Small spins:   Absorb released material with nofi-combustible absorbent.  Place into containers for

later disposal.  (See Waste Disposal section below.)

]Hazard Rhag:    lcastJ);  . aligbt.I;    moderate-2;    high.-3:  .. c]ctranc-4.

CITcO assimed di¢ie vild± 6dscd ch an c`falu8foL. ed-ndticted prfuaeto NFP^ Euidelihd.
NrfugirAO¥[

lu,...LJJFu±I`oi.li`^llquqg,.{.A.qz5a-.#TF;,2ffi+is7i.qu:s38!i,...NbT:`t:...¥j2Tt-#,.::.'..
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5.0  SPILL, LEAK AND DISPOSAL PROCEI}URES (continued)
I      I.ange s|]ills:   EvacLiate arcs in the ¢vcnt of significant spills.  Adequately ventilate arcs and

determine potential exposLire conditions.  Exposure potential may require the use
r¢spirutoly protection.  Use protective clothing.  Contain Spill in temporary dikes to
avoid product migration and to assist in recovery.  Do not allow material to escape
into eewers, ground water, drainage ditches or surface waters.

I     Contra] ignition sources around spill erca.  Use of& fire figh(ing foam blanket on spilled material
wi][ reduce vapaT release old firs potential.

I     Administer first aid. as needed.
•     OSHA regulations imy requifc establishiog a Teguhted area with site control.
•     Repoft spills as required to appit]pri8lc federal. state and local autl]orities.

WasteDispord:
•     lt is the responsibility ofthc user to.detemine if the materi8( is a hazardous waste 8t ttie time of

disposa,.
•     Trmporfution, treatment, tonge and dispesal ofwastc haterial must be conducted ib accordance

with RCRA regulations (scc 40 CFR 260 through 40 CFR 271 ).
I     State a[id/oT local rsgulatious may b¢ morE; ream.ctive.
I     Contact the RCRA/Supeffu)a HotliTie at (800) 424-9346 or your regional us EPA offlcc for

guidance concerning case sp¢ciflc disposal issues.
Proteetive Measures During Repair and M&ibteliaDc¢ of ContaDlmted Equtpm€nt:
I     Rcferto section 7.a -Special protection lnfom8tion.
•     Keep urmece§sary persons from hazard area

:3::I:vd:P:8fq:!±moefnjLmaspeniv¥o¥a':°ri:tsns°u:i=ath:a+#eesandprotcctivec|othingifdhat
conuct is onticiptited,

•     Provide v¢nti]ation to maintain exposure potefitial below applicable exposure levels,
I     Elimimte heat and ignition sources.
I     Remove contBminat¢d clothing,
I     Wach exposed skin thorougivly with soap end wder.

6.0  IEAI/IH IIAZARD DATA
Hedtb IIrmrd Classification Per 29 CFR 1910.1200):

"Bhly Toxic No schsitjzx!r No

Toxic No Raprnducti ve Efrccts No

COITO§ive No Mutagen No

Irritant Yes Tnget Organ {skin) Yes

carcinogen:
Pieduct/Component Crs No. ConcL(./,) run IARC 0§11^ O'hcr

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

Toricity sti dl~ry: If swrallo`ved, this "tcri&[ can enter the lungs and caL]se severe dafliage.
This material can cause skin irritation.

ND-Noha..
aindo'ri;:.T2Fueioits,AiiGride§{Ac2FO.scpt`cmbel'26,igiv,.cnd.53s8)
NATNct ^ppiichle

Pis€ 3 Of 7
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6.0  IIEALTH IIAZARD DATA (continued)
Major Route(a) or Entry:           Inhalation ofmists or vapors.  Skin contact.

Actite Exposure Symptoms :
Inhalation:        (nhalation ofmists or vapors above applicable workplace exposure levels cali cause

transient cuphoria` respintory tract irritation, gastTointestinal iTThation. headache,
diz=inees, or central nervous syst¢Tn depression.  Studies with labomtory animals suggest
that bronchaconstriction and respiratory impairment are associated with inhalation of
high concentrations of fuel oil mists.

I)ermal:
Eye:
Ib8estioD:

This Tnateria[ can cause skin irritation.

This material carl catJse tTansicnt eye iTTitation including .stinging, tearing and 6wolling.
Symptoms of fuel oil ingestion can include bum.Lng of mouth and tippcr gastrointestinal
tract, stomach cramps, coughing, drowsiness, restlessness, irritBbi]ity, vom iting, diawhea
and uncousciousnes§.  In addition. breathing difficulty may develop..  Couching.
pn¢ufnonia and prinful breathing can suggest that the product has enteied the lungs.
Ingestion of lange concentrations of product can cause convu[sious, coma and death.

[njectian!          Injection under the skin, izi muscle or into the blood steam can cause irritation,
inflammation. swelling, fever. and systemic effeets, including pulmonary edema,

•pn€umonia and mild cenml nervous aystcrD depressiofi.  Injection of pressurized

hydrocarbons call severe, pemanent tissue damage.

ChTotlic Exposure Symptoms:
The products represented by this MSDS cont4iTi a tTtixture of petroteL[m hydrocarbons commonly
referred to as "middle distillates,"  I.aboratory data have associa(ed some middle distillates with
Sk!n cancer when the material is applied [€peatedly over the lifetime of the .fast anim.al.
Middle distillaes similar to the pTeducts represented b} this MSD§ have been assceiated with
liver and kidTiey daTnage in subchronic (90 day) inhalation st]idies of male rats.  The relevance of
these findings to liuman hca]th is unclean

Prolot`ged or frequent contact can cause the Skin to dry or crack.  Al.so, long ten dormal
exposure can catJse an inf[emmation of the skin marked by redness, pain or itching (defmatitis).

Other sped EfTctts:
None.

Medical Condltiou Aggnvlted t]y Exposure:
Individuals with chroz)ic f`espiTatory disordtas. liver dysfimction or kidney disease can have these
conditions aggravated by elevated expesL]Te to vapors, mists or aerosols of this fmterial.

First Aid aLtd Em¢rgft]cy Procedures for A€ute Effects:
Inhalatlo.A:        Move victim to fresli air.  tfviedm is not breathing, immediately begin ¢ardiopulmonary

[iesuscitltion (CPR),  If breathing is difficu[L loo percent humidified oxygen should be
administered by a qualifi¢d individual.  Seek medical attention immediately.

Det.mall              Remove contaminated clothiftg.  Wash exposed skin with soap and water.  Launder
c[othit`g before i[se.  Sect medical attention if tissue 8ppean damaged or if irritation
peTsists'

Eyes;                   Flush eyes with cool water while occasionally lifting and lowering eyelids.  Remove
contact lenses if won.  Seek medical attention. if excessive tearing, irritation or pain
persists.

ist,ed ..: ....''...NEINct Estch
..,. `     \-

•.:: .-. NDJNo Drfu

clTap¥§..;ij.:\rfei.bi.isAI]GT!#..{.+,q2Fp..F#.,#..:,¥.;.,I..ap,?,.9.qu.:#£),.„,`.!„,L.:;...:......pi£S,49f.i;:*
NA-.Not 4pp[icat!ts,  T ...,-.---.....  '...
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6.0  REALTH IIAZARD DATA (continued)
Ingestjop:          Do not iflduce vomiting.  If spontfLncous vomiting is about to occur, place victim'5 head

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

Injeetiob:          Injection udder the skin, in muscle or into the blood 5dean is a medical emergency.
Seek medical attention immediately.

Notes to Physician:
Inhalatjon!       If cough or difrJculty in breathing dev¢laps, evaluate for fiespirfury toot irritation.

bronchitis. or pnetJmonitis.  Administer loo peteent hum idified sLipplemental ory8en
with assisted ventilation as required.  In eymptomatic prti¢tits (cougliing, choking,
tachypnea. efe.). monitor blood gases to assure adequate vendlation.  If viul signs
become abnomal or eymptoms develop, obtain a chest x-ray.

Inge3tioti:          The viscosity at of this material js approximately 32 Sos at looo F.  Accordingly, upon
ingestion, there is a high risk of pulnioue[y aspiration.  Aspiration can result in cllcmjcal
pf`eumonitis oT lipoid pneumoni&  Removal by careful gastric [avage with ticht fitting,
cuffied endotracheal fut]e may be cousideTcd.
Pulmonary edema can be mrmged with PEEP ud supplemental oxygen.  Atitibiotics are
indicated otily if bacterial supchnfection of the lungs occurs.  Sferoids have not been
shown to be Of benefit for hydrocarbol] pneunonitis.

7.0  SPECIAL PROTECITON INFORMAHON
Ventilation R€quire bents:

Use in drtlt vendfaied 8rca.  In confined apiscs or when hot Ihechanica[ ventilation may be. .
required to maintain airbom¢ concentrations below apF]licable work place eaapstire levels as
evaluated dy designated and properly tndned indivjdtials.

Applicable Worbllc€ ExpesuTe I+evck:
Cl]onical ^CGm ^CGIH TLV ^CGTH OSIA Osm PEIJ OSHA
Componelit TLV"^ STEIJ TL,V PEL"^ STEL/ PEL

t'Ptd CcEth€ (D Skin PPD Ceiling (C) Skin
(n"l) ppn ("1) potation? (mgiv) ppm (ng") n®tal'mn?

Petrolcun Distillates RE. NE NE NE NE NE

Specific Persoml Protective Eqt]ipmept:
Petsorml prcteedvc eqt]inment should be selected based upon the cond.rdons under which this
mderia[ is used.  A hazard asscsstttent of the wofk aca for PPE requirements should be conducted
by a qunlified profesional pusveiit to OSHA reguldious.

Res|]hatory:     Only N[OSH or MSI+A approved equipfn¢nt should be used.  Use of an orguiic vapor and
dust/mist fitter dual cattridge respimtor is required when v&pcir and mist concefttTations
cxc¢ed the applicablc workplace cxposiue levels.  RespintoTy protcctiof` should be
selected on the basis of the Tnaximum cxpecled air concentration.

Eyes:
Dermal:

Cloths,Or
EqplptFent!...

Use safety goggles or chemical aplash gogglc5 if splasliing is anticipated.
Use gloves constrticted of impervious matchals sucli as heavy nitrile rubber if frequetit
or prolonged contact is expected.
Wear bodytovedng work clothes to avoid prolonged or repeated cxposorc.  Ronovc
§onSquj.rtyed.cl,othingon4lai]nder.,befeetcosc......

P . ©5/©7

NALINat Applicable  -
clTcONO.2Fucioiis,Ai]Gnd'&{AdeF6,riE#$2#fa;,t.IN:5388,

NEINat
PngcSof7



b

D

®

®

®

®

®

®

®
®

®

®

Mf]y     27'99     ie):2l     FF3     cFiFETEF3     cOMpciNIEs Bi6    746    5544    To    17858645317                   p.a6z@7

8.0  TRANSPORTATION ANI} SPECIAL PRECAUTIONS
Stodge:             Do not use or store this product near heat. flerne or other potential jgnitjofi Sources.  Do

not store with oxidizers,  Do not store this product in unlabeled containers.  Keep
contai nor closed.

Danger: Flammable or Combustible Liquid.  Vapors are heavier than air and may travel to an
ignition source and flash back.  Use only in a w¢[l ventilated area.  Never siphon by
mouth.  EmF]ty containers may contain product residues which can ignite with explosive
force.  Consult appropriate fedeul, state and local authorities before reusing,
reconditioning, reclaiming, recycling or disposing of empty containers and/or `Araste
residues a.f this product.

DOT lnrormatlon:

PfopershippjngNune:
mqud Class:
Hazard Identification No. :
Placard:

Fuel Oil, No2
3
UN  1202
Flammable liquid

9,0 ENvmoNMENTAI DATA
Tltle Ill of the sbtre        d AtBeBdm¢nts ll)d Reat±tliotization Act of l986 rsARA)

Section 313 -Tonic Chemicals:
This pit}dilct is not ]onoirm contain any compotients in concentmtions above de mtwinfr levels that are
listed us tonic che[Itica]s in 40 CFR Part 372 pursuant to the requir€rnents of Section 3 t3 of SARA.

SEctioti 3] lA12 -Hazat]d Catenories:
Thisproductmaym¢ctoneormoreofth¢oriidriafortheh&zardc:tegoriesdefinedin40CFRPaft370
as est?blished by Sections 311  and 312 of SARA as indicated below:

Ifnmediafe (Acute) Health tiazard:          l±§                     Sudden R¢]ease of pressure Hazard:       Ng
Delayed (Chron ic) Health Hazard :           |g=                     Reactive Hazard:                                        B!g
Fire Hazard:                                                  1§§

S€ctioD 302 - ExtDemdv Hazardous Stibrfunces:
Tlljs Prodllct is nat known to contain any components in cohcentratjons greater than one percent that are
listed as Extremely Hazardous Substances `un 40 CFR Part 355 pursunt to the requirements of Sectiofl
302(a)ofsARA.

Clew Water Act fcwA`:
Under the CWA, discharges of crude oil and petroleiim products to surfroe water without proper Fedenl
and State p¢mits m`ist be reported immediately to the NItiongl Response Center ut {800) 424-8802,

!qup±pbens±peEq±d±±nmep±±!F±s?o±±±±pmpensaGgnL±|±abilj!zLA±!_{CEBHIA).SeeEQalQ2
Elam rdous Substances:
As defined by CERCLA, the term "hazardoLis Substance" docs not include petroleum. including crude oil
or any frotion thereof which is not othervrise spccificalty listed or designated a§ a hazardotls substance.

i..  ND-NOData            .    `-.         .`

€iifo-ri-OT:.r±-i-rfei-.Oit±^]]G*.t.4qap9,..*ftygiv.¥;...I.ap.7.cl¥:...:?8;8]..`.„..,..:'..;.:ri6t,
NA-Not AppLicchle -...
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9.0  ENvmoNMEr`ITAL DATA (continued)
CaliforThia Prtot}osition 65 rrlie Safe Drinkim! Watei. and Toxies Enforcement Aett:
Warming:  This material contains the following chemicals which are kno\m to the State of california to`cause cancer, birtli defects or other reproductive ham, and arc sobjcct to tlle requjrenients of california

Proposition 65 (CA Health & Safety Code Section 25249.5):
Com Donent:                                                                                     Eff±g±;

Diesel Engine Exhaust                                                              Cancer

Ne`Ir Jersey Worker al)d CoiTLIItuditw Rif!ht-to-Knoiar Act:
Fuel Oil {68476-30-2)

Toxic Subrfupc€s CoDtrDI Act frscAt:
fLeported lp TSC^ InveAtory es: Product C®mponents

No. 2 Fuel Oils X

10.0  LABELING

DiENGERi`
E[ARrmuI, E SWAIIowED - cAr`T ENTER I.UNGs Ar`II>
CAtRE I)ARAGE
coNIAINs pE'molEUM Dls.rnlAIES
conneusTmlE UQUID
CAtJSES slDT rmlTrmoN
MAY CAUSE CANcm BASED ON ANIMAL DATA
TARGET ORGAN®:  SklnEL-
Keep &wny from heat, sparks and flaEDes.  Keep container closed.
Avoid breathing vapor or Diists.
Avoid direct derna[ contact

-RET 4P:_
IrnMallowed, do iiot induce voultftLg.
Call a phygician lDpediatoly.
1B case of ¢optact, r€nov€ contamlpated clothing immediately aiid
`rash thorotlgh[]r with Soap and water.

ALL STATEMENTS, INFORMATION. AND DATA PROVIDED IN THSRATEEur sAFETy
DATA SHEET ARE BELIEVED TO BE ACCURATE AND RELIABLE, BUT ARE PRESENTED
WITHoUT GUARANTEE. REPRESENT^TloN, WARRANTV, oR EuspoNsrBILITV oF
ANY ICIND, E]mRESSBD oR rml.ED. ANY AND AI+I, REPRESEr`rrATloNs AND/oR
wARRANTms OF MERcllANTABILITy OR FrlT`uss FOR A pARTlcuLAR puRposE
ARE SPECIFICAILY DISCIAIMED,  USERS SHOUID MAKE TEDIR OWN
INVESTIGATloNs To D  TERMINI Tlm surrABnlTv oF THE INFORMATloN oR
pRol]ucrs F`OR THEm pArmculAR puRTOsE. NOTEING cONTAINEI] EmRE IN Is

i      :=:T3EiDT#ppE#:REE¥OfrINED#cfuMEORTcOORVARErig:%EFBA#8Npz%VIrful+ATE AV
CoPVHGErrs oR INVENnoNs.

P  . e]7,©7

NDJNo"
Crrob N6.-2 Fuel Oils, All Grades (AG2FO. Septonber 26. 1997. GIN: 5388)
NA-Nqu Applicable NELNot Efubi enco

• P.Be 1 Of l

**    TOTFIL    Pf]GE.B©7    **
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.     )MATERIAL SAFETY DATA SHEET
PBOOuCT SA   825    0012

SECTION I

P.3

_Lliii=
lTC0 MA^uFAC Tuair``G oivtsION  OR fuBSIC)iAAT

I

AO` Df`Ess tNUMBEfi sTa€ET. city. STATE. zip confi

C-HEMICAI  NAME  OR FAMILY FORMULA

I         Petrol eum  Hvdrocerbon NA

'SE CTION  11  -.CHEMICAL AND  PHY8lcAL'PHOPERTIE8 'TCHEMICA L..                                                 I PHYS
ICA|..

tiA2Afioous OECOMPC}SITION PBOOUCTS FoaMa        Semt-sol  ld

6         Carbon   in.onoxlde.   cer5on   dloxide Ooofl
lN COM.ATieiLiTy iKEep Aw^y FtioMI e Mi nera Oil

Strong   oxidlzlng   ager`+s   such  a5:      hydrogen   Peroxide, ^PPEAF`ANCE
6 ch.rc)mlc   acid.    bror.ir`e 10 Grease
Lust ALL toxic AND HAZAftoous iNaBEDiENTs7Nc,ne

''
LOBI        Ambe.r

P'2 EC:lFIC  GRAV`TViwAtER=11RT 0 . 92¢

`EEciioN ili'==FmE...ANO`€xELO8ioN OATH.
BOILING PT.'S

NDA                 .c®€

spEciAi Fif`E FiGHTiNG fiBOcEOuaE6 F|Astl POINT tMETHOO u6EOIAboveC.O.C.

Fire   tlghters   should   wear   an 3®     '90   .cJJ4_.i MELTING pT. NI.c
eoproved   self   contalned   breathing FIAMMABL€ llMJT6 96NDA27LowEn_UPPEB_

', OF

4
apparatus.             .

SoluBlirrtlNW^T£Ft

Nee I  f a I  A 1  a
UN usuAi FinE AND ExpLOsioN HAZAaDsDensesmoke EXTINGuisHiNGAaENT5

8 Df`YCHEMICAL    X: CO. AT            ?5   .c

:WATEASPAAY    ¥fo^M.W^TEF`FOGR5ANO/EAFI"10- '6
qB  VOLATILE'a(IYWT*'

NA
1-\ •  OTHeB

€VAP. flATE'7(.''

NA§ECTioN IV  - iieAiTH HAZAFto DATA
pEftMlssiBiE coNCENTAAtioNs iAni

T

'1
v^POI PflE5SlmE'mmI.10,'20,C' NA

9 NDA -  I  -                 I-
NAEFFECTS  OF OvEBEXPosurtE ', '^m  I,I

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

I oxlcoiocicAL PRopEn I iE s 30 pH''

3' NC)4. STRONG ^CLOsTnoNCaASE

EMEftG£NCv FlasT Alc) pAOCEDufiES

32I Eyes     Flush   with    larae   amounts   c)f   water   for   at    least    15   mln. STABIE                                                        -*

Call    a   ohysici;n    Immediately.
2'

uNst4BLE                                                             '

33J€J! SKINCONtACT        wasn   thoroughly   with   soap   and   Water.

:I::3::FY              ioo<o'n°*'`^`=2
NHALATioN                  NDA,

_z3j            NA

FswAiLowED        Call    a    Physic:£n     Immediately.
'

NA  -hioT  AppiicAeiE                                            NOA.  wOOATAAv^IiABiE                                        <-less All.                                       >. MoaE TH^N

Paq6  I   of  2

cc)qi,..  r`.c.  e  5 ..   .'i.   i  -
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MATERIAL  SAFETY  DATA  SHEET      pRoouct

P.4

SA   825   0012

a
®
®

®

a
®

®

®
®

®
®

SECTTONvlliqT§PECIAt..PRECAUTIONS
Fa6cAUTioNs TO a€ TAKEN iN HANoiiNG ^No STOAAGE

Keep   cc)ntainers   closed.                                                                                                                                  .
13

8ECTioN vm -TflANsroffTATioN DATA

uNReGlll^T[O  a u.s. a.a.T. pflapea 8HipfiiNc NAME

J                    ,Y a.a.T. 7

i c.                a:€uoL.%T!D  D

u.a. O.O.T. HAZAf`D CIASS I.a. NUMBga

a 9

TPANspoaTAtioN€MERC!NCYlNfoAM^tloNCHEMTREC1.{8001434.gaoo
::                     #BELlsiA£QuiaEO
fAEiG HT CLAsslFicAtia N

5Z
Petroleu.   Lubricetlng  i`reEse

8.£Cl^l TRANSpoflT^TION NOTES

I, 53

sECTioN Ix - cOMmENn=

KEEP   OUT   OF   :SAC.ri   OF   CHI  L.JREN!  I
='

\^/.  b®li.V.  the  6tatem®nts,  teclinical  Information  end  rocomm®ndatlons  Contbinod  h.rain  ere  r.I:able,  but  they
Elf e  given   wlthout  warranty  ar  guer®ntee  of  any  klnd.  express  or  lmpljed,  ®r`d   W.  8$9umo  no  ie]pon8Iblli{y  for
any lass.  damage.  or ®xpcnge,  direct or cong8qu®ntlal.  arising out  of thelr use.

P336   2   o!   2
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MATERIAL  SAFETY   DATA  SHEET

P.5

tax   no.    :    042840

P.rt   Type   and   Number                                                         Part   name

Prlnt   Oat®
Last   R.vlewed

------I---------------------------------------------------------------,,,----I-
Ford    -U.S.     BATTERY    -ALL                                                        BATTERY    ELECTROLYTE

Hotorcraf t    -U.S.    BATTERY   -ALL                                BATTERY   ELECTftoLYTE

I .------ I -------- tl ----  CHEHI CAL   AND   PHYS I GAL   PROPERTI ES  -.I -------- 1] ------------

Material     type                             LIQUID
Sp.clfic   Gravity                 I.250
BOHlng   pciint                           >135   C
Flash   polnt                              Not   AppHcable
pH                                                               2.a

I ---.---------.-   HAZARD0l'S   AND   OTHER   I)lscLOSEP    INGRE0IENTS   I -----. i=-I ---. E -.-- I-

P.rcent            Exposure   Llmlts   -TWA
ft.nge                ACGIH/OSHA(Where    est.)     CAS    nuiTlber             Chemi¢ll    Name

-,-..--I----1-----I,1I-----,~1----.,,--------,,,----,,,,,----I,----,,,---
>30-60                1/1       mg/m3                                        7664-93-9               SUIFURIC   ACID

Expo.ure   Limlt   Abbreviatlon5
-----1--,---,1~---,,1,,--,,I,,---~,,,
TWA.Tlme  W.laht.d   Av.r.9®     C-C.lllnq

S-Short  T.rm   Expo.ure       Sk-Skin
Sol-Solubl.   Compoundl             FIJ-Fumes

ln]ol-lnso]ubl.   Compounds        0u-Dust ,.,+'

-------------------- i--REGIJLATORY  I NFORHAT I oN  ------ I -------- I ----------.

Thls   product   cent.lns   .   toxic   chemicel   or  ch.mica`f   .ubj¢ct   to  the   reportln¢
reqLJironent8   of   S.ctlon   313   of   Tltle   11  I   of   the   Super fund   Amendm.nts   and
R.authorlzation   Act  of   198£   Ind   40   CFR   Part  372.

-------.------------------ I--S I G'NAL WORD ll-Tt-±c ---- in---|I..li_
DANGER    --CORROSIVE     .

-------------------Tn--.---..HAZARDS-------------------.-------I.-==a---=

Contact   with   thlS   in.terial   wlll   cause   burns   to   the   skin,   .yes   &nd  mucaus
m®mbran.8 .

When   tr.!s   mat.rlal   con.i    iJlto   contact  with   the   ®y.a,   serious   d&mg.  may   occiir.
Thi8   product   ls   h.rmfu.I   by    Inhalation,   when  .:n   Contact   wlth   th.   Skin
lnd   if    lt   i$   8w]How.d.

This   product   ls    irrlt.ting   to   the   eyes,   re9pir.tory   Gysten  and   .kln.
This   prciduct   may   be   fatal    lf    lt    15   cwallowed.

FORD   MOTOR  COMPANY
DEAftBORN   Ml   48121



b

'
'
)

)

f]UG   21    ,9t   14:89   CHGO   D[ST   ZNr~O_MGT   Of€±B`[M

MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Prlnt   o]t®   :   o4P/ao92;go2

------ I-I--i= -------  TARGET  ORGANS   AND   MEDI CAL   CON0l TIC)NS   ------------- il -..- a--=

Ov.rexpo9ure   to   Com.   hazardous   lngredlentE    in   thls   Product   hi]   bean   found
to   affect   cGrtaln  body   orq.na   and   Syst®m   ln  exp.rlm.ntal   anim.I.   .nd/ctr
humanB.    TheSe   include:

Lungs
Teach
Skln,    Eyes,   and   R.&pir.tory   System

----.-------------..----  ACUTE  TCIX I C { TY  I NFORMAT! ON  ------------.---.------ I

Baaed   on   th.   ccimpoeltlon   of   the   prodtJct   fd.ntlfl¢d  by   th.   supplier,
±elected   portloni   of   th.   .cute   toxicity   Information   from  RTECS   are
:a   follows:
7664-93-9          SIIIFURIC    ACID

lnhalatlon,   .dult   rat,   lc50   -ilo  mq/m3    (2   Hour.)
Oral.    adult   rat,   L050   -2140  mg/kg                                                           .

............. b_..±]L±...  SAF E  H^NDL I NG  AND  STORAGE .... 4[[n[n..====T_=_±==±.,[n,._.

Oci  not  breath.  g.a/fumae/vipor/Spray.
Ui.   thls  product  with  ad.quota  v®ntll.tion.
Bo  not   g.t   thlf  in.terlal    ln  your  eyes,   cin  ycitir  .kin,   or  on  your   clothln!.
Thlt   ls   an  oxldl2lno  .g.nt  -avoid  brlnglnq   lt   Into  corit.ct  wlth  en
organic  materi.I.

Stol.  this  product   in  .Ir-tlqht  contaln.r&  aw.y  fran  &ollrc..  of  h.at  .nd
I ight.

---- Iiu ---- ul-F IRE,   EXPLOs loN  AND  REACTIvltY   INFORVATl.ON  I-IIi-=====t==---I-

Brinqlng   thl.   product   Into  contact  wlth   conbuttlble  m&teriil   in.y  cause  a   flre.
EXTINGUISHER    INFORMTloN:    Dry   chemical,    foam.    carbon   dloxlde.
ute  w.tor   to  cool   flr.-.xposad  contalners  and  to  protect  p.raonnel.
W..r  I.lf-contain.d  br..thing  app.ratue.
Thi€   product  can. ra.ct  vlol.ntly  w!th   reducing  .gent€  and.organlc  flat.rlils.
Explo.lve   HYDROGEN   GAS   may   be   rel®&..d    lf   aqu.Cue   .olutlon&   ol   thl.   mat.rlal
come   into   contact  wlth   reactlv.   metlll    (IRON,   ZINC.   ALUHINUH)  .

Irrltatlf`g  and/or   toxic  fun.I  and  g.Ses  may  b.  onlttad  upon  he.tlnq  of
thl!   product.

The  d®compo.itlon   of   thl8   product  wlll.release   toxic   pa.eS.

FORD   MOTOR   COMPANY
DEARBORN   MI   4€121
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MSD§
(CONTINIJED)

P.7

Tax   no.    :    042840
Prlnt   Date   !   o4P/aoo2;8o3

------------ I -------  PROTECTIVE  MEASURES   AND  TREATMENTS  ------- ut.Ii ------ a---I

Use   c}f   an    impervious   apron    ls   r.commended.
use   gen.ral    v.ntllation   and   u8®   local   exhaust.   wh.re   posslbla,    In   conflned   or
enclosed   spaces.

Wear   ch.mlcel   goggl.a   and   fac.  €hleld.
The  use   ef   naoprene  glciv..   is   recom.nded.
In  c.8e   of   contact  wlth  ey.a.   rln.e   imedlately  with  plenty  of  water   and   ..ek
medical    advice.

Imedlatety   tlk.  off   alt   contamlnat.d  clothing,
If   the  mat6rlAl    fl   .wellowed,   get   liTmdlate   medic&l   attention  or   advice   --
Giv.   sev.ral   gla8ses   of   wlter  or  milk.

It   gas/fume/vapor/dust/ml5t   fran  the  mat®rlal    is   inhaled,   ronove   the   affected
per.on   lmmediat.`y   to   fresh   air.

for   &kln   corit.ct   fluah   with   large   amolJnts   of   water.
Wash   thoroughly   after   h.andHng.

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

If   the   product   i&   lnge€ted.   probabl.  mucosal   d.mage  may   contraindlcate   the  Lis6
of   ga&trl¢   lavlge.     Tr.at   th.  affected   person  aoproprlately.

-----..- I ----- 11 ----.--  SP I LLs i  LEAKS  AND  D I SPOSAL  -.------- d -----.--- Ill--===
.

Ellmin.t.  all   .ource&   of   lgnitlon  or   flammable.   that  may   cone   Into  contact        .
wlth   .   .pill   of   thls  mat.rlal.

Avoid  .kln   cant.ct   and   lnhalatlon  C)I   vapors   durlng  dilpo..I   of   SplHS.
Dl8pos.  of  watt.  mat.rlat   .ccordlng   to  Loc.I,   Scat.,   and   F.d.I.l
Envlronm.nt.I   R.gulatlone.

In   caBe   of   largc   .PiH®,    foHoW  all    facillty   Em.rg.ncy   Relponse   Procedur68.

-.---. I--I) --------------- lr'[-.  SP E C I AL  REMARtts  ----------- I ---- d ----- I---===--

Thil   i.   .n  .cldlc  mlt.rlal.

-------- il.-.I-ii.   s.   OEPARTHERT  aF  TRANspoRT^TioN   INFORHATioN  ------. Ii--.I ------ =

Shlppinq   name:    BATTERY   FLulo,    ACID       uN:    27SC
Hazard   Classi   Corro.Iv.  matarlal                   Ha:ard   Labe]!   Corrosive

The  ch.inlcal   nlme(i)    appearing   below  under   `'NME"   must   .ppear   aa   part   of
shipping   name   lF   the   amount   being   Chipped   in   each   coritalner   exc.edf   the
quantlty   .hewn   under   '`RQ'`   below.      The   l®tter5   ''RQ"   mu6[   ®`so   app.ar   as.  part
of   the   Shippliig   name,    ln   th.   form!

•hlpping   name,    ch®mlcal    hlme,    RQ.
For   U.S.      Shlpm.nt.   fran   Ford   F®cilltie£,    consult   the   `'Ford

H]zardou®  n.terial   Transportation   Control   Progr.in"  nanual,   oth.rwis®
con8ult   49CFR172.
------ ¢AS--RQ (Ibs)   -NME ------------.-----------.---------------..--....--.....

7664-93-9         2777         SuLFURIC   Aclo

FOBD   MOTof]   COMPAN.Y
hEAE}E]^f)ru    hill    it£1.1
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MSOS
(CONTINUED)

P.a

Tox   no.     :    042840 a     print  D,te  i   oF/'oq2e/9#

......., I ...................  PREPARAT , oN  , NFORMAT t oN  ...... I ..... I ............ E=...

Ha8lth   and   safety   Information   has   been   evaluated   by:

Environmental    £   Occupational   Toxicology,      Occupational   Health   6   Saf.ty,
ford   Motor   Company
goo   Parklane   Towers   W.at,    Dearborn,   Ml      48126        ..

Fc}r   .mergency   call:       (SIS)    337-3182   -or-(313)    323-0045    (for   24   hour   I.rvice)

Thls   il   th.   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   MI   48121
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MATERIAL   SAFETY
DATA   SHEET

AVOC0   REGULAR   LEAD-FREE   GASOLINE

MSDS    NC):        02003992

P.9

MArruFACTURER/SUPPLIERS
Amoco   Oil   Cobpany

2!!c::::  i:#::i: D:;:81

EMERGENCY   HEALTH   INFORVATION:        (800)    447-8735
ERERGENCY   §PIIIL   INFORMATION:       (800)    424-9300

Ci"REC,  U.S.A.
OTRER   PRODUCT   8AFETY   INFORATION!       (312)   856-3907

IMPORTANT   COMIC)RENTS:      Ga&ollne   (GAS   8006-61-9)   ACGIH  Tliv   300   ppm,   STEL   500   PPD;
OSIIA  PAL   300   ppn,   STEli   500   ppn.

?::i:?eT#  :::£3;2£p£Cf!g ::X.i:  Ppm;  Osm  PEL  1  ppm
*Se¢  6upplenental   lnfomatlon  §ectlon.

WARNING  6TAT"ENT i    £::a::ie::t5::::Xe:::¥:::: in::gha::P::u:::fez::!i:n€£C::a:::::a

and/or  a8plt'eted  into  lungs.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  eg  motor  fuel  only.   Long-tern
exposure  to  vapors  has  caused  cancer   ln  laboratory  animals.

"IS/NFPA  COOES!.(HEAL";I) (FL"AEILITY; 3) (REACTIV[TT;a) ,   Chronic  h.alth  hazard

APPEARANCE  AND   ODOR!      Clear,   bright   liquid.     Characteristic  odor.

!1RAliTH  RAZARB   INFORATI0N

EYE

EFFECT:              High  concentrations  of  vapor/nlst  Day  caus.  ere  dlEcotbfbrt.

FIRST  AID:       Flush  eyes  vlth  plen.ty  of  vat.I.     Get  Dedical  &ttentloA   if   irrltatlon
per8 igtg . .

PROTEC:TION!     None   r.quired;   however,   use  of   eye  protection   1g  good-industrlel  practice.

EFFECT :

rlRST  AID:

.SKIN

Prolonged  or  repeated  contact  can  defat  th.  .kin  and  lead  to  lrrltation
and/or  dematltls.

¥::lug:£:8:£o::;na:it:A:::Eg;:§.:i:::.an:end:;.b:?::=i::::€C:::hi:gifai
attentior`   if   irrltatlon  develops.

PROTECTIO.\':     Avoid  prolonq.a  or   r.p®otcd  akin  contact.     Wear  protective  clothing  and
gloves   lf  prolonged  or  r.peated  contact   ig  likely.

EFFECT i

INHALATION

Vapour  harmful.     High  vapor  conc®ntration8   can  cause  headaches,   dl2zlne8s,
drovgineag   and  nausea.     See  Toxicology  S®ction.

n        FIRST  j`ID:        If  adverse   effects  occur,   remove  to  uncontoulnated  area.     Give  artificialrespiration  lf  not  breathing.     Get  n.dical  attention.

n        PROTECTloN:      Use   With   edeqtLate  ventilation.     Avoid  breathing.  vapor   and/or  mist.      If

D                                ;::::::ti;:ii:t;::S::¥:t:;p::;m¥:::H/USHA  certified  resplratowhich  v|ii
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HEALTH   HAZAro   INFORMATloN   -   CoNTINUED

®
a      EFFECT:

a       FIRSTAID:

®

P.10

INGESTION

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

If   swallowed,   do  NOT   induce  vomi'ting.     Get   lrm®diate  medical   attention.

FIRE   AND   ExpLOsloN   INroRATION

a      FLAsrmolRT:               -45oF

a        FLAm{AELE   LIMITS:      UPPER:       7.6%      LOWER:       I.3S

®       AUTO[GN]TION  "PERATbRE:                   495®F

®      EXTINGUISHING  MEDIA!     Agents   approved   for  Class   8  hazards   (..g.,   dry  chenlcal,   carbondloxid.,   halogenBted  agents,   foam,   steam)   or  voter   fog.

UNUSUAI-   FIRE   AND   EXPLOSION  !IAZARES:      Extr.m®ly   flammable   vapor/air  mi*tureg   form.
.Extlngui8hnent  of   f lro  before  source  of  vapor   ls  shut  off  can  create  an
exploglve  mixture   ln  air.

.PRECAUTIONS:      K®ep  avey   from   lgnltloA  Sources   (e.g.,   h.at,   sp&rkg   and  open   flones).
K.®p  contain.r  closed.     use  With  adequate  ventilation.

REACT[VITY   INFOE}1ATION

DANGEROUS  REACTIONS!      Avoid  chlorine,   fluorlne   and  other  strong   oxldizers.

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

STABILITY:      Burning   can  be   Started  easily.

CHEMICAL   ANI}   PHYSICAL   PROPERTIES

BOILING   POINTS                        80.F   TO                  430®F,    Range

got.UBILITY   IN  WATER:      Negligible,   b.1ov   a.1t.

SPECIFIC   GRAVITY   (WATER   a   i)i                      0.75

n        vApOR  pREssuRE!      7-i5   ib  Rvp   tA8"  D-323>

I         VAPOR   DEt`.SITY   (AIR   -.i):                   3   TO               4

b

'
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STORAGE   AND   ENVIRONMENTAL   PROTECTION

P.11

a          SToaAG!   REQUIREMENTS:      Store   in   flarm8ble   llquldg   stordg®   area.      Re.p   cc)ntainer   closed.

®                                               :::::d:::: :I:#  :;;:ici#:t!:3e:::?C::;t:?do:P::c:i8::gi:at ions.

a          SPILLS  AND   LEAJ{S:     Remove   or   shut   of i   all   SoLirceg   of   ignition.      Use   water   spray   to

:i::::::tv:::::iaL[?::;::ee:::: 1:::i::i , ;5±:::B#:;i.  C£::;1:u:no:A
Severs  and  vatentays.n

®
a
®

®
®

®

WASTE  DISPOSAL:     Re$1dueg   and  spilled  material  ere  hs2ardou8  Waste  due   to   ignitablllty
Diepo&&l  nugt  be  ln  accordance  With  applicable  I.deral,   state,   ar

:::::sr:iulations.     Enclosed-controlled   lnclneration   1g  recorm.nded
rected  oth.rvie.  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  Out   of   gewerg   and  waterways.      Avoid   strong   oxidizers.
Report   gplllg   to   appropriate   authorities.      USE  AS   MOTOR  FUEL
ONLY .

TOXIC:OLOGICAL    INFOENATION

.         EYE:     Primary  eye  irritation  score  a.O/ilo.0   (rabbits).
SKIN:    :;i:a:!]9£:in::.i:##:£°Br:::I:ail;/:6£t::#bi::) .     Acute  dernal  liD50  greater

acute  cxposLlre8  by  this   route.

IN}IALAT[ON!      Acut.   LC50   20.7mg/i   (rats).

INGESTION:     Acute  oral  LD5018.Bnl/kg   (rats).     Practically  nontoxic   for  acute
exposures  by  this   route.

Exce8aive  .xpoeure  to  vapors  nay  produce  h.adache6,   dlzzin.s5,   nausea,   drovsl-
ness,   irritation  of  eyes,   nose  ai`d  tbroat  and  c.ntral  nervous  system
depregB 1 on .

;     !!!!i:;!!!!!it!¥!ii;ff:!!:i;;;;;ii;:;ii::;:!!!;!!!;;;:!!:i;i;i#!;:;:
damage  and  probably  the  kidney  tumor  response  are  unique  to  the  male  rat.     The

n          gLgnlf icance  of  the  nouae  liver  tuner  respons.   in  terns  of  human  health   is
quest lonabl® .

Inhalation  of  whol.  unleaded  gasoline  vapors  did  not  produce  birth  defectg   in

i          laboratoi"...  ar.iruals.

h       :::#:a:) }St:I:::E]::dni;i:::.°fc£¥::?€a:g::a::dt:°#:in:e::::e::  i::a::e4ha5

n

h

h

D

I

been  ghovn  to  Cause  ceAcer   (leukenla)   iA  h\inans   and  other   adverse  blood  ef fects
(anemia).      Benzene   is   considered  a  human   carcinogen  by   IARC,   NIP   and  OSHA.

:::;.€:::::eh::d::i:n:n3nfa:::::g:  c3al:a¥;Sef r:i::::a:n2o]:£: #:a::€5:a.
were  8®en   ln  chronic  studies  on  xylene   ln  guln®a  pigs  but   not   ln  rats.

Aspiration  of   this  product   into  the   lungs   can  cause  chenlcal  pneutionia  and  can
be   fatal.     Aspiration   into   the   lungs   can  occur  while  vomiting   after   ingestic]f\
of  this  product.
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®
REGULATORY    INFORMATION

P.12

CERCLA   REpORTAELE   QuanT{T¥!
This   product   is   exempt   f ron  the   CERCLA   reporting   requir.in.nts   under   40   CFR
Part   302.4.     How®v.r,    if   Spllled   into  Waters  of   the   united  States,    it  may
be   reportable  under  40   CFR  Part   153   if   lt  produc.a   a   Sheen.

®          DOT   PROPER   SHIPPING  NAME:      Gasollr`e,   Flammabl.   Liquid,   UN1203.

a         OsiIA  iIAZARD   COMMUNICATION   STANDARE:      Flammable   liquid.      Irritant.      Contains   €ompon®nts
listed  by  ACGIH.     Contalna  Coaponent4   listed  by
OSHA.     Contains  a  carcinogenlc  coaponent.

RCRA   STATUsi
This  product   is   Subject   to  the  40  CFR  Part   268.30   land  ban  on  the
disposal  of  certain  ha2ardoug  wastes  bec&us.   it  contains  th.  £ollavlng
Substance ( a ) :

cOMpONENT/cas   NUMBER

®
a
®

®
®

®

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

a         .§ARA  STATUS:-L I _   _--Thla  product   iB  regulated  under  the  following  a.ctlon(S)  of  SARI  Title  Ill,   42
USC  9601.   Spills  or  r®1oages  of  the  product  RAY  b.  reportchle  a3  a.t.mined  by
the   infornatlon  given  below!

§ECTIONS   311   AND   312   0F   SARA   ENI)   40   CFR   PART   370:
This  product   is  defined  ag   hazardous  by  OSRA  under   29   CFR  Pert   l910.1200(d).

SECTloN   313   oF   SARA   Aun   4o   CFR   PART   372S
This  product  contains. the   following  substances,   which  are  on  the  Toxic  Chemicals
List   in  40   CrR  Part   372:

COMPONENT/CAS   NUMBER                                                                                                WEIG!IT   PERCENT------------ I, - - I, ®, ~ ~ ------------------------------------ ~ - ~ ,-----
Benzene   (71-43-2)         .
Ethylbenzene   (loo-41-4)
Toluene   (108-88-3)
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-PPLEHENTAL  INr`ORMA'i-'ION  .__i__ _

r        8::::i::oi:]e.:;:::::  Ti:#:ea:::hydrocarbons.    Thoao  major  coxponentg  having

P

r

'

Butane    (GAS   106-97-8)   ACGIH   TLV   800   ppm;   Osm   PEL   800   per.

Cyclohexar`e   (GAS   ilo-82-7)   ACGIF.  TLV   300   ppn;   Osm  PEL   300   ppm.

Ethylbenzene    (GAS   loo-41-4)   ACGIH   TLV   loo   ppn,   STEL   125   ppm;
OSHA   PEL   loo   ppn,   STEL   125   ppn.
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®

a
®
®
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SUPPI-EMENTAI.   INFORATION   -   CORTINIED
n-I.ptane    (GAS   142-82-5)   ACGIH  TLV   400   ppm,    STEI.   500   ppm;
OSHA   PEL   400   ppn,    STEL   500   ppm.

rrHexane   (CAS   ilo-54-3)   ACGIH  TLV   50   ppm;   O§m  PEL   50   ppn.

P®ntan®    (CAg   109-66-0)   ACGIH   TLV   GOO   ppm,    STEL   750   par;
OSHA   PEL   GOO   par,   STEL   750   ppa.

Toluene   (CAS   108-88-3)   ACGIH  Tliv  loo   ppn,   STEL   150  ppn;
OSHA  pal   100   ppn,   STEL   150   ppm.

P.13

Trim.thyl  benzene   (CA8   25551-13-7)   AcalH  TLV  25  ppn;   Osm  PEL   25  ppm.

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

ISSUE   INFORATION

®8Y:

7eG€_
A.   G.   Farm.r,   Director,

®        Product  saf.ty  a  To*icoloqy

®

ISSUED:      June   09,    1989
5UPERsmEsi     March  18,   1988

•        This  material  Safety  data  Sheet  al`d  the   lnfornatioA  it  contains.  is  o££ered  to  you   ln

3£::hf::t:e:: i ::gu;:#. eo¥:c::V:u::Yi:V:era:sdi:£;rat:°£€::::: 1:£:t i?n±:#a€i::  ::e£:
correct  but  cai`not  gu.rant.e   lt-S  accuracy  or  coDpleten.4B.     Health  and  4afety

®      :::::#::g:  i:tt!iat£:t:B#::tog:rg:::a:et:a:S::::t:a:£L:g!n#¥:a;:#u::d€:;eiy and
a      ::e::m#:I:]£: :::4::E:ic::L: i:V:i::€o:e::I::::#;nd::1::a!::.#em:i: :; :#ap::::ct

in  a  manner  that  might   lnfrlnge  exl4tlng  patents.     No  varrenty  is  p®de,   either  express
or   implied.
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U.S.  DEPAf]TMENT  OF LABOFl
Occup®tloml €.laty  End-H®dlth AdlT]lnl8l[-tlon ..

•MAT-ERl.AL.S'AFE-TY.`.DATA.rsHEE,T
-.'...-..

. .. a E aTION.I     .
HTifft#:ihienlc41Co,

Tfflogf'6Br-er!3roTga'i# TEtaa&:FBI.`.6T.`han... Il.  6og22   `                                                                     '
e.+rwa^i.I^.I.t^..O.rNONyu                             .i.-,,`      .      .    .1     .t`           ..    '.. 'wAi¥&:uhE#i.dw#I'h.I
'CML-,ML, OOoul^

Mixture

.;, I         .        .,.  8E.CTION  II`.HAZAF]DOUS.INOREDIENTS   .

p^Iur8, pfiE9Env^trve®. . 8oivENt£ 1 tlv'unl'g' Alloys MO MEtALiic co^TiNoa * TIV(U^''|)

roL'",I 1,/A e", Wn^| N/A
'      c^TAL,eT

N/A
ALLOY) N/A

epelE
N/A

W.Tulle CO^llttc8 N/A\
"VtNT8

N/A
'||EA WET^|

N/Anus co^il.JO Of` cof`€ flux
^O",,M4                                                                          .   .  I 'N/A •otH,,£....... „/A
O'HI.®        . l'/A

lt^ZMcoue wixruFiE8 or otHtA iiouio4.eoiio8, oA ®^8E8    I     . * |V(unl'|'

\     ,_.

H.thrl.Alcohol                    I         .                                    .    a                     ..."     ..         ...       `. 38 aoop

Nonv.1bhenol   gurfaotant               C^S  #    68lyl2-givJ+ 001
_1,I

hlinenvlmethane       O^9  #  2650i{.8-2             EP^  TSC^  List-Yes Tr,
'       '1.''n

SECTION  Ill     PHYSICAL  DATA
•Oiii.a.O.NT rF.I                                                .  -.         J`. `Tl i A   .      .. .. . :-  . €p€c,.,co*^,,''','dl''   '     I   '    '    ' •g51"   I
^ro, mt,aJqt I- W, I

N/A
ttnccwt vout. I »/AI, volun( ',I

YAJ- O€N.',, ,^,I. , I                                .          .. .  ..     ' .
`i

tv~OFUTION A^T.
N`/A-''

coiu.n.tTy in w^TtA
''   ,       i        I

^„E^fuueHNoooo.         Blue-EL-atla

SECTIONIV     FIBEAND  EXPLOSION  HAZAflD  DATA                              .     I    _.
I.„Hro"twtt~...al           .a.r!:   112  F |^w,^I)||,WITS    I,     '     '                 I             W      '                     u,,             I

.,

•It"aui.ti"au[aM   in  chonia|i.ao,  or  Alcohol  fo -..
.p(ci^ifl."IaH"aeefaca[prE'®1f-aorfulned."tr®artmri

I..    ti.        --
\`.,,.

WU%Lt,'o.I"r#[H`.°aet°reH¥^€EL  .1r  and  may  t£&'}el

dc)nBld.nbl.  dlgtanco  to  &n  lgnltlon  8o a,

®       PAGE(1)          -.                                                       (Conllnu.danieve"elld;)
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sECTloN  v     riE^LTi.I  HAZAno  DATA
"L'|nfiwh°tiL'X'i:^oLX€oi.     oot)om.    8   hour  t|mo-weighted  average                                       '.

"#:T:g°t£Vo';e.Xpa.%'£"i-;houa,   cau5eg   biindnogg,   p6rlnpg  de4tlh     InhalLtlon-N&roo.14i

hcadaoh®i   ndLu8ea,   lola   of  coileclou8no6o.   Bkln-Dry_lngi   lrrltatlon.   Eye-Bu#11ng.
tT#£'®HSL|"o°n'L"t#a3nc®8t°vu8'h`|t|ng  of  conBaloua ,p.rsori ,   call  M.I),   Inlulatloni  RefBov®

T)orson  to  fresh  air,-Skin-  Remove  contamlnatod  clothing  and  wa.h  vlth  v.tea.
Eir.z3-Flush  eve8  with  tioter  for  at  lErast  lj  hln.  .Conteot  a  T}hy-1ol&n  1"edl&tely.

"                                      sECTioN vli    splLL on lEAK PPlocEt]unE§
•'jii'o°.e€i^®k:tt|'n.I.£9'.o`:^Aetl^|#®ri`T|]n'°£'di'|L'Jnent|].Lt®d  &=ea. I   .|1|iln.t.  1gtlltlon  .ouro®..

AVQu.frun-off  into  8torm'  dew8r8  end  dltohe4  vhlch  load  to  neitur.i  trate"&y.

WAITE Oispi)6^i ue"oo

In`cerlefatlon,  .blologlcal  treatment. of  dilute  t]olutlor`.      I   .
•t

sEc.ric)N  vlli    spEci^L pnoTEci.ioN  iNFonMATloN
IlS,m^'O.' ,.a,tc',Ot, ,S,..,, ty,.'                                                                 I

V€'',H.A,'ON,
.W'h°€A".:'b^b'£'oorlato  to  control  employee  eJtp dRu¥6^.I       .

|,|C'l^'''C^L I G®n,.,'' a,,,,,:.

pnc)i€ciivG  aiov€S C'cf!£:#:'iT gafetv  f[oEu=le.aop=£ni-==!+bbez*
oTHfn r.noltcTt.. .au'ru,N,

FACE  '2)
.a.yrd 1 -9-90
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a          PBOPERTIES Ali`i` SPECIFICATIONS

EXCELLENT FC)a  "MINl-HOLES"
AND VEBTICAL STACKING

These  non.nitroglycerin  emulsicln  PrcJducts  are  packaged  iri  cc>r`veriier
one-pound,  one-half,   one-third.   and  C)ne-quar!er  pound  cartriciges   an
formulated  to  provide  a  seismic  PUIse  eqlJa!  to  cjynamite  for  clear.  s)Tar
seismic rest)ra.s.

Al:hough  classified  as  high  explosive.  seispalME/E  emulsions  are  nc]r
headache  and  have  excellent  resistance to  accicler.tal  detonation  by  frictic]n c
impact.

Spiral.w:.uTid  1,'4  to  li'2-pound  paper  cartric!9es  .ar:-easily  cappetl.  aw
waxed to Sleep well.

•            PBODUCT                                       E-1                E-1/2           E-1/3          E-1/4

a       ::;ght

®           S'eyl:itytolrvcc)

•          ::I::C::ytj;f:Sp)r:usns:::f`neo

®
a
a
®

a
0
®

®

®

®

®

(kilcibars/
Absolu[e  Bulk Strength

(Gal/cc)
Relative  Bulk Strengtri

(ANFOc=100.)

One Poiinci     1/2 Pound   1/3  Pound   1/4  PoLlnd
21/4x81;'211t'2x811/8x8            1x8

49                   S;IN               9IN               9IN
1.18                          i.15                      1.15                      1.15

16,500               16,C)C)0            15,000           14,500

loo                  loo                loo               loo

685                 775               775               775

120                     10S                  105                  105

PACKAGING
Available  in  fciur sizes  to  meet  vertical  stacking  anl

•mini-hole" applications. seispFHME/E  in the one-poum

size   is   packaged   in  thin-walled,   easy  coup!ini
cartridges  for  vertical  s{acking  or  larger  downholt
shots,

ln  the   1/2  to   li'4-pound  Sjzes,   sejspRIME,''E   i{

packaged in spiral-woijnd paper cartriciges.
All sizes have exceilenT v.'a{e,' resistance and can b{

initiated with a #8 strength STATICMASTEB oetonator.

57IA7YCA445FEF!€`.  :iectri: [i3tenators for Seismic =xpiora{ior!
DESIGNED  FOP  SEISMIC  WOBK  -  Exc'usive  Atlas  electric  in,atch  provides  reliablt

cietcination  with  minimiim  lag  time  and  scatter.  Full  #8  strength  explosive  output to  hell
insure initiation of the seismic charge,  even under severe conditions.

UNEXCELLED  PEBFOBMANCE  -  Bigicl  stat;stical quality control  tests  are  performet
on  all  components  and  on  the  completed  detc>nator  to  assure  reliable  and  consisten
performance.  A  tough,  hard  enamel  coating  under  the  plastic  outer jnsulat.lan  provide!
additional protection against shorting of legwires under extrenie conditions.

WATEB  AND  WEATHEB.PBOOF  .  Legwire  insulation  is  designed  to  withstan{
extremes of heat and cold  and the  severe  cc)nclitions encountered in  deep-hole  loading
All  detonators  contain  a  double-crimpeci  rubber  plug  to  provic]e  a  water-tight  seal
Excellent firing characteristics permit use in single-hole or mufti?le-hole pattern shooting,

®         PROPEF]TIES ANDSPECIFICATIC)NS

a         :  Pug;i:,:'n::;t{,emn8t:c-a::r. Less than o.001  second; even
lower as firing  c'-rrent is increased

a           .  Recommendedtiringcurrent-3to  `IoampsDC,4tol0

amos AC
a          .  Wa..Ler immersiohdepth (max.tested)-500leet

•  Bridge\^.ire resistance . 0.9 C)hms

a           .  Det.ctnator shell -Gilding metal

®         REDUCED SENSITIVITY
TO EXTPANEOUS ELECTPICITY

i.  special  bridgewire  anc]  the  SF  feature  in  the  electric  match
proviae  reauceo.  sensi{ivity  {o  eta(ic  electricity.

OPEPIATING AIDS
With  recommerided  firing  currents.  §TATICMASTEB  electri(

detonators meet all requirements for series (iring,
WARNING  -  Dct  not  use  STATICMASTEB  electric  cletonators  ir
the same circuit with other types or brands ol. electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

duplex  copper  lead  wires  (yellow color)  ifl  lengths  of  40'.  60'`  80',
loo..120',150',160'.  200',  250',  300',  anc]  400`;  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yellow)  measuring  12`,  20',
and 24'.
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HAZARD   OU   S         CHEMI   CAI.      MATERIAL S   A   F   E   TY      DATA

F'.I   3

SHEET

ArrAs  powl>ER  coREAN¥
15301   DALIAS   PARKVAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

2.     PREPAREI)  BY:        P.E.   Therriault            DATE:        06-24-88

3.     rmlcAL   ERERCENc¥  TELEPHONE  mJMBERs:

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

REVISION:      One

®        4.      TEE  RAIERIAI.S  I)ESCRIEED   IN  HIS  I)ATA  SHEET  ARE:

®                                   HAZARDOUS   CHEMICAL   INGREDIENTS

®        5.      CH"ICAL  AND  Co"oN  HARE(S)   oF  RAZARDoCs   cEmlcAL  MIXTURE/INGREDIENTs:

®
®
®
®

®

®
®

ApexLAll  Grades,   RXL  614,   RXL  615,   PotJerAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  Eazardou§  Ingredlen[s  Include:
Armoniua  NIcrate
Diesel  011   (In  Some  Formulas)

TSCA                         GAS                              RTECS
LISTED                      NO.                                  NO.

I.                6484-52-2             BR90S0000
Y            68334-30-5           h'o  Listing

Note:     See  MSDS.for  Armoniun  Nitrate  I'1us  fuel  Oil

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

Pressure    Point    Point°c    pciint°c C=avitv         Wt, 94E    Appearance

Armonlun Nitrate
Diesel  Oil
Mixtu?e

®
®        7.      PFTSICAL  HAZARDS:

®
®
®

®
®
®
®
®
®

0                   d                155                 190                 I.725           83           None     tiThice   soliE
Qd                nd                    nd        147.371           0.87             nd     Pungetic   Broun  Liqui=
Meg.            nd                      nd              1251.1   to   I.3     NA           None     Whi:eGreas=

nd  =  D`.a  Data            d  =  DisscJciates       na  a     Not  Applicable

Amc)nium  Nitrate  -DOT:     Oxldizer
Mixture    DOT  Explosive,   Blasting  Agent

6.     HEAL"  HAZ.uns:

Carcinogen
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef I eccs

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

10.      PERMISSIBLE   EXPOSURE  LIHITS:         NO   Daca

Diesel  oil:     Flammable

---`-,--. r--E  -

Ref :   Reglscr:`'  of   Toxic:  Effects
of   Chemical   Substances   (RTECS)

N  =     No   G:icerla  Match
Y  =    Posl[1ve  Crlceria  Match

per   RT£CS
nd   I     No   Data



11.      LISTENCS:

unmlAL

Emulsions/Ah.FO   Blends
Page   2

NTp  ANngAI,   REpORT                   IARc
ON   CARCINOGENS                        MONOGRAPHS

No
No
No
No
No

12.      cENmAI.L¥  AppLICABLE   pRECAUTloNS   roR   SAFE  HANI]LINc  ANI]   USE:

HY€IETIC  PRACTICES:

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fune§.

OSRA
CARCINOGEN

a                     pROTECTlve  mAsuREs  I]uRINc  REPAIR  AND  RAINTENANCE  OF  CONIANINATED  EQulpRENI :

®
®
®

®
®

e

Use  nan  sparking  tools,   avoid  open  £1atne,  wear  nor"l  safety  equipment,
Such  as  safety  glasses .and  hard  hat.

pROcmtJREs  FOR  cl.EANup  oF  splLi,s  AIO  I.EAKs:

Bulk  Produ¢t!     Isolate  and  contain  spilled  material.   Cc)ntacc  Distributor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datnaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  with  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   con:act  the  Natiolial  Respot`se
Cetiter   (800-424-8802)   and  the  local  Police.

e         13.     CONTROI.  mAsuREs:

ENGINEnlNc: Follow  BATE  standards   for   storage   (27   CFR   151   Subparc   3)
Except   for  Bulk  products,   see  "Do's   and  Don'ts  -Instructions  a'nd

Waming§"  -  found  in  every  shipping  case.
See  Instl[uce  of  Makers  of  Explosives  Pu.Dlications.

WORK  PRACTICES:      Follow  OSEA   Standards   for.Storage   and  Use   (29   CFR   1910.109)
Except  fof  Bulk  products,   see  "I)o's  and  Don'C§  -Inst"ctions  and

Warnings"  -  foutid  in  every  shipp±p.g  case.
See  Insc£Cuce  o£  Makers  of  Explosives  Publicatioris.

}                      PERSONAL  PROTECTIVE  EQUIPENT:

I                                           Avciid  toxic  fumes  frota  blasting,  wear  norp.al  prcitective  equiptDent,
Such  as  Safety  glasses,   hard  hats.   ecc.

r
i4.     RERCEh'er  AND  FIRST  AID  pROcmuREs:

Do  not  attempt  Co  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  cc)xic  fumes  from  fires.
h  cage  of  skirl  contact,  wash  affected  area  `.ich  water.     Eye  cot`tact  -
flush  eyes  for  ac  least   15  ainu:es  and  cotisulc  a  Physician.

D        "    D]SCLAIRER:       :::I:::V=sfg:::=v::a:ot.::e:a::::t:a:::u:e::::::::dt£:db:::ublished
|nforcation  currently  av3ilable  to  us.     Houever.  we  make  no  uarranty
of  the  accuracy  ot.  such  informatlon,   express  or  implied,   and  assume
no  liability  resulting  frc]m  its  use.     Users  should  tnake  their  our

#¥::ts8=E±83£a:°p3:S:::i?e  the  Sultabillty  of  the  inf or"€:ic|n  for


