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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJECT DESCRIPTION

Project Name:              Seismic study at East canyon Dam, Utah

Location:                       Near porterville, Utah

Site safety officer:     Richard D. Miller

Plan prepared by:        Richard D. Miller

Estimated Duration ofField work:    7 days

11.        sTATEn4ENT OF WORK
A reliable measure of seismic properties as a function of depth is important to the Bureau of

Reclamation' s comprehensive and accurate appraisal of site response and vibration modes in the thin
concrete arch East Canyon Dam in Morgan County, Utah.  Material response to shaking within and in
proximity to the dam must be reasonably well known for accurate evaluation of failure potential and
associated risk considering any significant ground motion at this dam site will likely be controlled or at
least influenced by a fault less than 300 ft from the dam structure.  Models used to predict dam perform-
ance during earthquakes and floods are only as realistic as the material attributes (especially rigidity)
incorporated into those simulations.  Proven comelation between seismic properties and stiffiess/rigidity
is the basis for hichly detailed measurements of the seismic wavefield at a drm site such as this.  Realiza-
ttious for areas with liquefaction or rock failure potential are enhanced when the velocity field used to
ccaloulate Poisson' s ratio is based on continuous, detailed, coincident measurements of compressional and
shear-wave velocities at each significant geologic contact and within each major geologic unit.

East Canyon Dam
East Canyon Dam is located in north central Utah 11 miles southeast of the town of Mongan,

Utah a]igure 1).  With a drainage area of around 145 sq miles this 260 ft high dam is the thinnest of the

Figure 1. Utah Burcau of Reclanation dams.
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Figure 2.  East Canyon Dam
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concrete thin arch dams operated by the Bureau of Reclamation (a thin arch dam is defined as having a
structural height ratio of 0.2 or less) a7igure 2). With a 7 ft wide crest and base width of only 20 ft, the
strength of this 436 ft long (crest) dam comes from its curved geometry (Figure 3).  Completed in 1966,
it is located in a narrow-walled canyon where the East Canyon Creek has cut through very hard, massive,
well-cemented beds of late upper Cretaceous conglomerate (Figure 4).  This massive conglomerate is part
of a sequence of layers possessing a dominant upstream dip.  With the Wasatch Fault located about
12 miles west of the dam and an unnanied fault ®revious suggested to be inactive) about 300 feet up-
stream from the dam, interest in the seismic and structural characteristics of the dam and the upper 300 to
400 ft of sediments supporting the dam is justified.

SECTION.   THR.u   THRUST   BLOCK

i.Ill-Li..-I.c.xi(  ®?, „„  i    ,.._W

Figure 3. Cross-section of drm structure. Figure 4. View of conglomerate rock, which is the
foundation for the dam.

Program Objectives
Geophysics used during site characterization routinely involves relatively noisy measurements of

earth properties, qunlitatively incorporated into working subsurface models with ground truth provided
by observational data sets (e.g., drilling, outcrop studies, etc.).  Near-surface seismic data is no exception
to this generality.  The primary objective or product of most surveys of this type is the qualitative assess-
ment of subsurface layer topography (Clement et al.,1997; Pullan and Hunter,1990; Lankston,1990).
Travel time structure maps or two or three layer velocity maps are typical interpretation products of
seismic surveys.  These seismic interpretation maps are routinely merged into borehole-derived geologic
and hydrologic models based for the most part on highly subjective and very sparse data sets. These
simplistic models are then used for groundwater monitoring and remediation, geologic hazard detection,
or engineering design puxposes in an intuitive, experience-based manner (Steeples and Miller, 1990;
Miller and Xia, 1999).

Considering the wealth of information contained in the seismic wave field, seismic measurement
or imaging data are routinely underutilized for site characterization (Steeples et al., 1995).  Surface seis-
mic techniques are generally limited to routine mapping and delineation of subsurface structures, layer
topography, anomalies, and stratigraphic changes (Jongerius and Helbig,1988; Miller et al.,1989;
Go forth and Hayward, 1992; Miller et al., 1995; Shtivelman et al., 1998; Guo and Liu,1999; Stokoe
et al.,1994; Michaels,1999).  h many instances, several earth properties rvp, Vs, Qp, Qs, layer orienta-
tion, and thickness) can be estimated from the seismic wave field, for each subsurface cell.  Velocity is
probably the parameter most consistently measured or estimated by all the seismic methods.

This applied research project will measure in-situ compressional and shear velocities using VSP
methods, attempt to map reflectors within the upper 350 ft using hick-resolution seismic reflection tech-
niques (Steeples and Miller,1990), and appraise the near-surface shear-wave velocity structures using

East Canyon Dam, Utah Page 2 August 2004
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MASW data acquired along the dam crest and abutment Q'ark et al., 1999).  Measurements of velocity
and maps of bed geometry will support the more general sitewide characterization underway by the
Bureau of Reclamation.  Velocity measurements in two boreholes-ne on the dam crest and one down-
stream-will be used as control points for site response models.  Velocity measurements within the dam
itself and at and in close proximity to the contact between the dam and native materials will be used to
constrain modal studies at this thin arch dam.  Seismic reflection profiles will provide information con-
cerning the consistency and geometry of layering between boreholes and identify anomalies (within the
upper 350 ft and 1000 ft upstream and downstream) that might influence reali2ations. The primary goal
of this study is to determine the P-and S-wave velocity distribution in the concrete, at the concrete/rock
interface, and within the right abutment rock.

VSP data will be acquired and processed in such a way as to provide compressional and shear
velocities throughout the drilled intervals, allowing optimal interfacing to engineering studies of the dam.
Both longitudinal and transverse oriented shear velocity measurements will be acquired (assuming the
Geoloctcal Survey of canada' s three-pod hole-lock geophone is made available to the Bureau of Recla-
mation) so that shear-wave anisotropy within the boreholes can be identified and trends mapped.  Each
of the three proposed boreholes will have different targets and specific objectives.  Shallow (~100 ft)
borings upstream (along the right abutment) and downstream ®resumably near the toe and river eleva-
tion) of the dam will target near-surface sediments and help establish trends/consistency in material
properties away from the structure.  A deeper boring will be placed on the dam crest and will sample
about 70 ft of the dam's thrust block and another 300 ft or so of the natural foundation material.  The
upper portion of this native material will be the conglomerate observed in outcrop.

High-resolution seismic reflection surveys will include both compressional and shear-wave
modes.  Seismic reflection will only provide useful data if the shallow each possesses physical charac-
teristics conducive to the reflection technique.  For example, if the conglomerate is massive with no
layering (changes in reflectivity across an interface) there will be nothing for downgoing seismic energy
to reflect from.  Also, if the conglomerate is very attenuntive and absorbs large amounts of energy within
the source generated seismic energy frequency band, signal levels of reflections returning from the
deeper portion of the target depth range maybe below the noise threshold of the recorded data.  An
approximately 2000 ft long transect centered on the dam structure and extending upstream along the right
side access road is proposed that will attempt to irmge any seismic impedance contrasts in the upper
300 ft to 500 ft.   With the polarized nature of shear-wave energy, optimum recorded shear signal will be
from the transverse (SH) component that is recorded when receivers are oriented to be sensitive to
motion pexpendicular to the survey line.  The primary goal of the shear and compressional surveys will
be to provide information about layer and Vp/Vs variability between borings.

Surface wave analysis will be undertaken on data acquired on the crest and right abutment.  Each
profile will use the same spread geometry (30 stations with both compressional and shear receivers
located every 4 ft) and permit correlation between the various processed data sets for each line and
between the five different lines.  With the unique requirements of surface wave measurements it maybe
necessary to use an accelerated weight drop source, low frequency receivers, and only selected portions
of the fixed spread for each recorded shot.  Shear wave velocity maps generated along each profile line
will be optimized for resolution, using several unique approaches whose purpose is to minimize smearing
resulting from variable wavelength averaging.

Program Components

Downholervsp
Surface-to-borehole data will be acquired to determine the 3-C velocity fleld as a function of

depth.  Acquisition, processing, and interpretation of vertical seismic profiles (VSP) will follow well-
established guidelines alardage, 1983).  As with most seismic methods, adapting methodologies devel-
oped in the oil industry to shallow targets requires deviating from accepted "rules of thumb."  Walkaway
VSPs will be acquired with the source moving away from the boreholes along the proposed reflection
lines for the two shallow boreholes and along the dan crest for the deeper borehole. Near-vertical offset
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VSP (ZVSP) will provide the best measure of velocity as a function of depth.  Offset VSP (OVSP) pro-
files will assist with lithologic and structural interpretation of reflection profiles as well as provide valu-
able, yet somehow limited velocity information a relatively short distance from the borehole.  VSP see-
tions will be processed and intelpreted so that any reflectors intersecting the borehole could be napped
away from the borehole to a maximum offset of about one.quater the borehole depth (i.e., 70 ft to 80 ft).

Reflection
A properly designed and executed hick resolution P-wave or S-wave seismic reflection survey

should be capable of mapping all reflectors with reflectivity of at least 0.5 (e.g. clay/gravel) and 'sapa-
rated by 20 ft or more within the interval of interest at the East Canyon Dam site.  To maximize our
potential for success, efforts will concentrate on: 1) generating and recording high frequency (>120 IIz
P-wave and >60 Hz S-wave) signals; 2) optimizing spread deployment and acquisition for 2-D imaging of
dipping beds and low reflectivity contacts; 3) establishing the best configurations and parameters to
maximize signal-to-noise and resolution potential at this site; 4) .correlating P-wave reflections with S-
wave reflections as well as with VSP and drill data; 5) insuring offset disthbutions appropriate for
measuring the velocity from NMO curves that can be correlated to average velocity curves from VSPs;
6) integrating well¢stablished shallow high-resolution methodoloctes and conventional approaches; 7)
tailoring processing flows to optimize the accuracy and spatial distribution of velocity analysis for most -
accurate Vp/Vs; and 8) correlating polarized shear-wave velocities from CMP with oriented and polar-
ized Vs measured in the boreholes.  Proven high-resolution techniques will be used to design the data
acquisition parameters and determine optimum equipment and methodologies (Steeples and Miller, 1990).

Maximizing the resolut.ion potential, interpretability, and signal-to-noise ratio will be empha-
sized in the reflection surveys.  Continuous Chff profile lines (Mayne, 1962) will be acquired using a
240¢hannel fixed spread, rolled if necessary to maintain the optimum recording window for each
recorded shot (Hunter et al.,1984).  The seismic source, geophone type, spread geometry, shots/point,
and acquisition philosophy used to acquire the Chff profile lines will be based on the results of walk-
away noise tests and VSP data analyses.  Data will be initially acquired and processed to delineate local
stratigraphic, structural, and topographic features within the upper 1000 ft using staterof-the-art high-
resolution methodologies and equipment.  Once all interpretable reflections are fully processed, different
methods will be evaluated for their effectiveness in extracting detailed velocity information as a function
of depth and location relative to the dam structure.

Surf ace Wave ln[version
Surface waves traditionally have been viewed as noise in multi¢hannel seismic data collected to

image targets for shallow engineering, environmental, and groundwater purposes (Steeples and Miller,
1990).  Recent advances in the use of surface waves for near-surface imagivg have combined spectral
analysis techniques (SASW), developed for civil engineering applications (Nazarian et al., 1983), with
multi-trace reflection technologies developed for near-surface (Schepers, 1975) and petroleum applica-
tions (Glover, 1959).  The combination of these two uniquely different approaches to seismic imaging of
the shallow subsurface permits non-invasive estimation of shear wave velocities (within 10% of
measured in many Cases) (Xia et al., 2002) and delineation of horizontal and vertical variations in near-
surface material properties based on changes in these velocities (MASW) Oark et al., 1996; Xia et al.,
1999; Park et al.,  1999).

Extending this imaging technology to include lateral variations in lithology as well as funnel and
fracture detection, bedrock mapping, and subsidence/karst delineation has required a unique approach
that incorporates SASW, MASW, and CDP methods.  By integrating these techniques, 2-D continuous
shear-wave velocity profiles of the subsurface can be generated.  Estimating the dispersion curve from up
to 60 closely spaced receiving chamels calculated every 3 ft to 6 ft along the ground surface enhances
the signal and results in a unique, relatively continuous view of shallow subsurface shear wave velocities
properties.  This highly redundant surface wave method improves the accuracy of calculated shear wave
velocities and mininizes the likelihood that inegularities resulting from erratic dispersion curves will
corrupt the analysis.
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Outline of Proposed Program

Phase I
1)   Compressional and shear-wave VSPs are planned for two boreholes yet to be drilled at the site.  The

deepest and probably most important is the hole (~350 ft) planned for the crest at a location directly
above the right abutment.  This boring will sample the entire drilled interval but will focus on the
very important zone directly above, at, and just below the concrete/rock contact.  By design this
borehole should be approximately 6" in diameter throughout the cement portion of the dam (upper
~70 ft) reducing down to 4" in the native rock interval.  A second, shallower (~100 ft) boring is

planned for the downstream toe with native materials expected throughout.  Near-surface conglom-
Crate (which will compose most of the borehole walls from the base of the dam [70 ft] to near the
bottom of the holes [350 ft]) must be sufficiently competent to withstand the repeated clamping
pressure exerted by the three single band borehole locking geophone pods.  Gravel and cobbles
caving from borehole walls could impair movement and risk safe retrieval of the three-pod downhole
geophone.  The three-pod, three-component alignable hole lock geophones will be provided by the
BOR (via the Geological Survey of canada).  Borehole spatial sampling will be detemined after
preliminary in-field tests, but will likely be between 5 ft and 10 ft.  Source locations will be deter-
mined after on-site testing but will likely include stations 10 ft offset from borehole (vertical incident
VSP) and at least two more, one 50 ft offset from the borehole and another approximately equal to
maximum sampling depth (100 ft in shallow holes and 350 ft in deep holes [offset VSP]).  The
density of source locations will depend on the data quality and number and location of reflecting
events that intersect the borehole.  Source locations will depend to some degree on access, especially
when operating along the crest of the dam (Figures 5 and 6).  Each source location and borehole
station will be occupied twice, once with the source in compressional-wave mode and once with the
source in shear configuration.  An IVI minivibl will be the source for both P-and S-wave datasets
a'igure 7).  Based on past experience, several lo-second linear up-sweeps (20 to 200 IIz for P-wave
and 10 to 120 Hz for S-wave) individually recorded at each shot station should produce the optimum
shot gather for the objective and geology.  To maximize interpretability of the S-wave data the source
will be oriented to produce SH waves.  Attempts will be made to develop new source drive software
allowing a 180-degree phase reversal of the source's first motion.  This polarity reversal will enhance
confidence separating first arriving shear from any compressional-wave noise contamination.
Approximately 75 records are expected from each source location on the deeper hole (25 com-
pressional and 50 shear with 25 for each polarity) and around 20 from the hole at the downstream toe
(6 compressional and 12 shearLrf for each polarity) assuming appropriate phase reversal software
can be developed.

Figure 5.

East Canyon Dan, Utah

Figure 6.
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2)   Preliminary in-field processing will focus on
data quality and optinization of equipment and
parameters.  On-site processing of vsp data
will include formatting, correlation, shot
gathers, and filtering.  Rouch estimates of
shear and compressional-wave velocities will
be made for both holes.  Any reflection arrivals
will be interpreted with estimates of two-way
travel time made for comparison to surface
reflection profiles.  Generalized geologic cross
sections from drill data will be used to ground
truth VSP results.  No attempt will be made in-
field to process or interpret characteristics of
reflection events.  In-field processing will be

Figure 7. IVI Minivibl .

ongoing coincident with the data acquisition and will not impact the proposed full-day field
schedules.  The majority of the processing will be coincident with the interpretation and will be
conducted in the month or two following acquisition.

Phase 11
3)   Prior to acquisition of the proposed compressional and shear reflection surveys an initial walkaway

noise tests will be conducted and used as the basis for establishing optimum configuration and
overall effectiveness of each seismic method planned for the site.  Walkaway noise testing will be
dynamic and exhaustive, modified as dictated by the recorded data.  It may be necessary to deploy
the entire 240-channel spread for both compressional and shear recording.  Source and receiver t3pes
and settings will be selected as appropriate for the wave type being evaluated and near-surface
conditions.  If possible, BOR staff will test high explosives in conjunction with the KGS minivibl
into the 240-channel fixed spread.  At least two different source-to-nearest receiver offsets and
ground conditions will be investigated.  Based on the maximum depth of interest, receiver spacing
will likely be around 8 ft for both modes. Around 2000 ft will be necessary for the receiver spread
and 2900 ft will be required to evaluate the full suite of potential source offsets.  The configuration
will provide maxinum offsets in excess of 2400 ft with the critical fust 500 ft evaluated from at least
three different source locations along the proposed profile.  All walkaway data will be preliminary
processed to establish the ideal configuration for each mode.  Processing will include conversions
and comparisons to borehole-derived ground truth.  A key aspect of this part of phase 11 is the
comparison between high explosive and surface swept seismic methods.  Energy cost and environ-
mental impact play a significant role in the application of hick-resolution seismic reflection at many
sites.  If using low energy surface seismic sources does not overly compromise the high quality data
generally produced when using high explosives in shallow shot holes, many places cunently inacces-
sible or non-economic might be potential targets for seismic reflection imaging.  A preferred source,
receiver, offset, spacing, and recording parameters for each mode will be established.

Phase Ill
4)   Compressional and shear-wave profiles approximately 2000 ft in length, centered on and perpen-

dicular to the crest of East Canyon Dam will be acquired along the right access road using a 240-
channel rolling fixed-spread geometry.  For compressional-wave data the IVI minivib and 40 Hz
geophones should provide the best possible data quality considering the geology and objectives
¢igure 8).  Depending on the outcome of walkaway data analysis, the vibrator will most likely be
programmed to generate 10-second, 20 to 200 Hz linear up-sweeps during acquisition of compres-
sional-wave data.  It is anticipated based on experience, source energy levels, and statistical consider-
ations of potential improvement to signal-to-noise ratio through vertical stacking that three sweeps
individually recorded at each station in an uncorrelated fomat will suffice.  Under this acquisition

East Canyon Dan, Utah Page 6 August 2004
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plan around 1 80 shot stations, each separated
by 16 ft, will be necessary to produce the
desired 2000 ft long profile.  The resulting
nominal 60-fold Chff stacked section will
possess 4 ft trace spacing and include the
appropriate range of offsets for this target
depth range.

5)   For shear-wave data, horizontal receivers with
a 14 Hz natural frequency (Figure 9) will be
deployed along the sanie survey line as the
compressional-wave receivers as indicated in
item 4.  To optimize the polarity-sensitive
nature of shear waves, receivers and source
will be oriented to generate and record SH
mode.  Advantages of sH to SV predicate this
orientation.  Each polarized sweep will be
reversed (assuming appropriate software can
be written) to enhance attempts during
processing to cancel as much compressional-
wave noise as possible by subtracting reversed
shot gathers and during interpretation to
identify arrivals exactly 180 degrees out of
phase.  Conelation of s-to P-wave reflections
will require detailed velocity and time analysis
incorporated with borehole first-arrivalrderived
velocities.  The 240¢hamel shear-wave data
will be acquired along the same survey line,
occupying the same receiver and source

Figure 8. Two 40-IIz highroutput geophones.

Figure 9. Minivib in shear-wave orientation.

locations as the compressional-wave data.  Assuming a velocity ratio Q to S) of around 2.5 to 3 (for
the conglomerate), dominant shear-wave reflection frequencies in the range of 60 to 90 IIz will be
necessary to minimize resolution-related reflector mismatch between the two datasets.

6)   Each shot and receiver station will be occupied twiceLutnce with the compressional-wave equipment
(as defined in item 4) and once with shear-wave equipment (as defined in item 5).  Receiver spacing
will likely be 8 ft with 16 ft source spacing if double source spacing is appropriate based on data
quality.  Benefit from this kind of reduced fold shooting comes in lower costs per mile, with the
understanding that data quality is at best unaffected.  With the primary objective being reflectors
within the upper 300 ft and with the known 40-degree dip of surface layers, this asymmetric split-
spread approach will provide maximum accuracy in velocity and good dip control at the same time.

Phase IV
7)   h conjunction with the VSP ®hase 1), an MASW survey will be conducted along the crest of the

dam and right abutment.  The MASW-generated shear wave velocity field will be incorporated into
the shear wave VSP model.  Redundancy and azimuthal diversity provided by acquiring shear wave
velocities in a borehole and from on top the dam should improve the resolution of intrardam and
abutment anomalous zones, providing some measure of compatibility and confidence in the effective-
ness of these techniques.  MASW will be acquired to focus on the 5 ft to 150 ft BGS depth ranged.  It
is anticipated that the MASW shear wave profile will overlap some of the subsurface area sampled
by reflection data.

8)   Preliminary infield processing will focus on data quality and optimization of equipment and param-
eters.  Processing infield for the MASW technique will include calculation of dispersion curves and
inversion to shear wave velocities.  These shear wave velocity profiles will be compared with any
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ground truth (borehole data) available and then contoured to produce a cnrde first estimate of the
shear wave velocity field while on-site.  hfield processing will be ongoing coincident with the data
acquisition and will not impact the full day field schedules proposed.  The majority of the processing
will be coincident with the interpretation and will be conducted in the month or two following
acquisition.

Phase V
9)   High-resolution seismic reflection data, by its very nature,lends itself to overprocessing, inappro-

priate processing, and minimal involvement processing.  hterpretation of high+esolution shallow
reflection data must take into consideration not only the geologic information available but also each
stay of the processing flow and the presence of reflection events on raw unprocessed data.  Process-
ing for the reflection portion of this study will include only operations or processes that enhance
signalto-noise-ratio and/or resolution as determined by evaluation of hich¢onfidence reflections
interpreted directly on shot gathers gable 1).  For the most part, processing of high+esolution
shallow reflection data is a matter of scaling down conventional processing techniques and methods;
however, without extreme attention to detalls, conventional processing approaches will produee
undesirable artifacts.  h-field processing of the reflection data will result in conelated shot gathers
used to insure the data acquired are of sufficient quality to provide meaningful interpretations and to
permit the mengirLg of the different modes when final processing is complete several months after
leaving the field.  h-field processing will be coincident with data acquisition and will not inpact the
fullrday field schedules.

Table 1
Basic Processing Flow

Primarv Processing
forrmt
correlation/deconvolution for viibroseis data
prelininary editing
trace balancing
digital ffltering
spectral balance
first arival muting (remove direct wave and refraction)
sungical muting (removal of ground roll based on trace-by-trace arrival)
assign geometries (input source and receiver locations)
elevation correction to multiple, floating datums
sort into CDPs (re-order traces in common midpoints)
velocity analysis (whole dataset analysis on loo tvsec inerenrents)
spectral analysis (frequency vs amplitude plots)
NMO correction
surface consistent correlation statics
secondary editing
residual conelation statics
CDP stack
allplitude nomralization
conect to flat datum
dkylay

Secondarv Processi"!
f-k fihering
f-k higration
deconvolution (spiking and second nero crossing)
f-x deconvolution

East Canyon Dan, Utah Page 8 August 2004
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Phase VI
10) interpretation of data and reporting of significant findings will focus on establishing a meaningful

Vp/Vs for the drilled interval using both borehole and surface seismic data.  First arrivals from near-
offset VSP data will be the dominant dataset in establishing the vertical velocity function.  Moving
away from the boreholes, offset VSPs will be used to both confirm the vertical velocity function and
map reflections that intersect the boreholes.  To a limited degree, offset VSPs will provide near-
borehole dip information about reflectors intersecting the borehole.  Surface reflection data will be
used to establish the level of consistency in Vp/Vs laterally along the 2000 ft survey line and provide
a map of reflector geometry.

11) Attempts to establishing a defensible Vp/Vs ratio from near-surface seismic reflection surveys have
always suffered from a lack of highqulity ground truth confirmation and confident correlation
between P- and S-wave reflection Chff sections.  Critical to this correlation are borehole seismic
measurements that clearly span the gap between borehole geology (from logs, cuttings, and/or cores)
and two-way reflection sections.  It is the intent of this applied research project to produce a well-
defined seismic velocity cross-section derived from coincident interpretation and integration of
borehole and surface datasets that honors the resolution of both datasets without losing the resolution
potential of either.

Equipment:  Configuration and Evaluation

1)   Seismic system -240cohannel R60 Strata View w/Stratavisor controller from Geometrics

2)   Source and Receivers
• single 14 Hz GS-llD Geospace horizontal geophones
• double 40 IIz L-28E Mark Products geophones
• single 3 component hole lock Geostuff geophone
• single P44 Mark Products hydrophone
• variety of combinations  -hammer (201b,16 lb, 8 lb, 21b) and

-plate (1 sq ft x 1", 0.25 sq ft x 1", 2" shaft,1" shaft, punch)
• mini-block shear wave hammer source
• 13,0001b IVI Buggy mount high frequency vibrator (15 to 500 Hz, 65001b peak force)

3)   Testing will include:
• establishing source characteristics
• geophone response and sensitivity (surface and downhole)
• orientation accuracy borehole 3-C (empirical)
• several different types of linear sweeps within the 20400 Hz range 0 and S)
• number of sweeps to obtain optimum vertical stacking
• optimum receiver station spacing (vertical and horizontal)
• source power and offset (optimum window for surface and OVSP for downhole)
• determination of sampling interval (spatial and time) based on appropriate sampling
• surface 480-trace, pseudo-continuous walkaway
• spectral analysis

Likely Survey Parameters

Likely optimal design for surface seismic surveys:
1)   Reflection-P-wave: Vibrator (3 sweeps/station), 10-second upsweep from 20 to 200 Hz, 240

recording charmels, 40 in geophones, 8 ft receiver spacing, 16 ft source spacing, and rolling fixed
spread.  Approximately 3000 ft (1 day) profile centered on the dam crest.
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2)   Reflection+wave: Vibrator (4 sweeps/station), 10-second upsweep from 15 to 120 Hz, 240
recording chamels, 14 IIz geophones, 8 ft receiver spacing, 16 ft source spacing, and rolling fixed
spread.  Approximately 3000 ft (I day) profile with source and receivers occupying the same stations
as P-wave stations.

3)   3-C, VSP-S-wave: Vibrator (2 sweeps/station), 5-second upsweep from 15 to 300 Hz, 9 recording
channels, 3 pod-3 component borehole shuttle, 5 ft receiver spacing, and 10 ft 50 ft 100 ft source
offsets. Source offsets aligned along center of the dam crest road for deep hole and as near coincident
with Chff profile as possible for downstream toe profile.

4)   3-C, VSP-P-wave: Vibrator (2 sweeps/station), 5-second upsweeps from 20 to 400 Hz, 9 recording
channels, 3 pod-3 component borehole shuttle, 5 ft receiver spacing, and 10 ft 50 ft 100 ft source
offsets.  Source offsets aligned along the center of the dam crest for deep hole and as near coincident
with Chff profile as possible for downstream toe profile.

5)   MASW: Accelerated weight drop (3 impacts), thirty 4.5 IIz geophones in landstreamer profile along
portion of crest and segment of right abutment. Source offset around 8 ft with source interval of 8 ft.

Approximate Timeline of Proposed Program

1)   Planned Research schedule:

Mobilization/Demobilization
Travel
Phase 1-VSP
Phase 2-Walkaway surface reflection
Phase 3-ollect P and S surface reflection
Phase 4|ollect MASW data
Phase 5-Processing all data
Phase 6-hterpretation and reporting

ADDrox. Duntion
2 weeks
3 days
1 I/2 days
I/2 day

21/2days
lday
3 months
3 months

2)   Deliveratles schedule:
Phases 1, 2, 3, and 4-Preliminary report 2 months after completion of fieldwork.
Phase 5-Preliminary report 3 to 4 months after completion of fieldwork.
Phase 6Hreliminary report 6 to 8 months after completion of fieldwork
Final ReDort after review and comment by Bureau of Reclamation

REFERENCES
HHardage, B.A., 1983, Vertical seismic pro filing, Part A-Principles:  Geophysical Press.
Huuter, JA., S.E. Pullan, R.A. Burns, RM. Gagne, and RL. Good,1984, Shallow seismic reflection mapping of the

ovefourden-bedrock interface with the engineering seismograph-Some simple techniques: Geap4ys;ds, v. 49,
p.  1381-1385.

Mayne, WH., 1962, Horizontal data stacking techniques:  Supplement to GeapAysfds, v. 27, p. 927-938.
Park, CB., R.D. Miller, and J. Xia,1999, Multichannel analysis of surface waves:  GeapAysies, v. 64, no. 3, p. 800-

808.
Steeples, D.W., and R.D. Miller, 1990, Seismic reflection methods applied to engineering, environmental, and

groundveter problems:  Soc. Explor. Geophys. Investigations in Geophysics no. 5, Stan H. Ward, ed.,
Volume 1.. Review and Tutorial, p. I-30.
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in.     REsroNslBILITIEs

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

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

1.     In the event of electrical stoms in the vicinity, all surface operations will cease if li8htning
strikes are closer than three miles (determined by 15 second count between lightning and thunder
and/or by lightning detector).

2.     Ifconditious become excessive (i.e., temperatue > 100° < 30° F), continuous day operations
may be modified to minimize chances for heat-or cold-related medical problems.  Breaks of up
to one hour after every hour of work might be necessary in extreme situations (i.e., temperature
> 1 loo < o° F).  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 worn by all field crew
members.

4.     Safety glasses will be worn by crew members when operating open-air vehicles or sources.
Safety glasses are recommended when planting gcophones.

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

6.     h the case of excessive cold weather, a sheltered area will be availal]le with inside tempera-
t- atve 32o F.

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

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

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

10.   High pressure systems will be identified and will be maintained to meet or exceed manufac-
t-' s apecificatious.

1 1.   Work along roads will comply with regulations as established by KDOT (in Kansas) or local
department of transportation (for outrof-state).

East Canyon Dan, Utah Page 1 1 August 2004
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IV.      SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.    RIck Miller q£GSLsite safdy officer

2.    Chad Gratton (KGS)Theratious

3.     Rich Markiewicz (BOR)LTechnical Representative

4.     Dave copeland (BORLsite Representative

East Canyon Dan, Utah Page 12 August 2004
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Safetv Meeting at Survey Site Date:

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

1]      Vehicle safety (road travel, waming signs, traffic control)

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

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

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

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

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

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

The following people were present today:

Name (PRn`m                                 Company Signature

Site Safety Officer

East Canyon Dan, Utah Page 13 August 2004
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINn                                 Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

1]      Emergency procedures (injuries, property damage, potential problems)

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

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

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

The following people were present today:

Name (PRn`m                                  Company Signature

Site Safety Officer
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Safetv Meetinf! at Survev Site Date:

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

1]      Vehicle safety (road travel, waming signs, traffic control)

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

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

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

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

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

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

The following people were present today:

Name /PRINn                                 Company Signature

Site Safety Officer

East Canyon Dan, Utah Page 16 August 2004



®

®

®

®

®

®

®

®

®
®

®

®
®
®

®

®

®

®
®

®

®

®
®

®
®
®

®
®
®
®
®
®

Safety Meetim! at Survev Site Date:

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

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

1]      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)

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

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

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

The following people were present today:

Name (PRINn                                  Company sigriature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

1]      Environmental hazards theat, plants, aninals [snckes, etc.])

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

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

1]      Site requirements ¢PC) (gloves, hats, boots, hearing protector, safety glasses)

1]      Emergency procedures (injuries, property damage, potential problems)

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

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

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

The following people were present today:

Name (PRn`m                                  Company Signature

Site Safety Officer
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V.        EMERGENCY INFORMATION

Utah State Patrol
461 Stowart, Box A-1, Ogden|JT      f801` 393-1136

Morgan County Sheriff

Emergencymolice/Ainbulance:

/801` 829-3745 non-einergenc

911

Lod8in8-
BW Dunmar, Evanston, WY               I
(Exit #3 off I-80)
1601 Harrison, Evanston, WY  82930

307` 789-3770 / fax /307` 789-3758

BW Landmark Irm, Pak city, UT      (435` 649-7300 / fax (435` 649-1760
(Exit #145 south off I-80, turn rt on Landmark Drive)
6560 N I,andmack Drive, Pack City, UT  84098

BOR Emerqencv Contacts

Rich Mackiowicz, cell 303-941 -9413
Dave Copeland, cell 720-320rdl94

KGS Emergencv Contacts

Safcty Coordinator and Project Manager
Rick Miller, Kansas Geological Survey, 785-864-2091

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

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:  785-864-2109
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Emerf=encv Route

From I-80 to  Salt Lake Regional Medical Center
1050 E South Temple, Salt Lake City, UT  84102

1 :   Start out going southeast on LANDMARK DR toward UT-224.

2:   Tun LEFT onto uT-224.

3:   Tun LEFT onto ramp.

4:   Merge onto I-80 W.

0.2 miles

0.3 miles

18.5 miles

5:   Take the uT-181/13TH EAST exit-
exit number 126-toward SUGAR HOUSE.    0.2 miles

6:   Tuni RIGHT onto S 1300 EruT-181.
Continue to follow s 1300 E.                              3.3 miles

7:   Tun LEFT onto E SOUTH TErmLE.             0.3 miles

8:   End at 1050 E SOUTH TENILE SALT LAKE CITY UT
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Emergencv Route

From I-84 to  Ogden Regional Medical center    ph 801-829-6866
5475 South 500 East, Ogden, UT  84405
[Alt. phone (from web) 801479-2111 or 2376]

See general map to get from East Canyon Dani to I-84.

Adams Avenue Pkvy

1. Merge onto I-84 W toward OGDEN.

2. Take the exit-exit number 85-toward UINTAII/SO. WEBER.

3. Tuni RIGHT onto ADAMS AVENUE PKWY ¢ortions toll).

4. End at 5475 S 500 E Ogden UT
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Procedures

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

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

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

Certified in:      First Aid       CPR       40hrosIIA      RIckrmller

Certified in:       First Aid       CPR 10|-C}SF_A.       Chnd Gratton

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

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

P§!:!=±j±§:  All necessary and appropriate permits, fees, and licenses will be obtained by BOR, with
copies available on-site for inspection by local authorities.
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VI.      ALcOHOL AND DRUG roLlcy

The Uhiversity of Kansas (of which the KGS is a part) is a drug and alcohol free work-
place with stringent controls and penalties associated with the use and distribution of controlled
substances and alcohol in the 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 University and Survey policy as it relates to drug and alcohol al>use and misuse,
enforcement of policies, and penalties for violating those policies.

Policy on Prevention of Illegal Drug and Alcoho] Use on Campus and in the Wor]aphace
The Uhiversity of Kansas prohibits the unlawful possession, use, manufacture, or distri-

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

As a condition of employment, all employees of the University of Kansas shall abide by
the terns of this policy statement and will notify the University of any criminal drug statute
conviction for a violation occurring in the worixplace no later than five days after sueh convic-
ttion. The Uhiversity will, in turn, notify as appropriate, the applicable federal agency of the
conviction within ten days of receipt of notification of the conviction. The University will initiate
personnel action, up to and including termination, within thirty days of receiving notice of such
conviction. Employees may also be required to satisfactorily participate, at their own expense, in
a drug atuse assistance or rehabilitation program before being allowed to return to work. For pur-
poses of this policy, "conviction" means a finding of guilt (including a plca of nolo contendere)
or imposition of sentence, or both, by anyjudicial body changed with the reaponsibility 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 conduct to appropriate authorities for prosecution. Kansas law provides that any person
who violates the criminal statutes on controlled substances by possessing, offering for sale,
distributing, or manufacturing opiates and narcotics, such as cocalne and heroin, shall be guilty
of a drug severity Level 3 felony. For a conviction of such a felony, the court may sentence a
person to a tern of imprisonment in accordance with the Kansas Sentencing Guidelines Act and
a fine of xp to $300,000. Unlawful possession of a dapressant, stimulant or hallueinogenic drug
is punishable as a Class A nonperson misdemeanor, with a penalty of imprisonment and a fine of
$2,500. Dapressants include barfuiturates, Valium, and bafoital. Hallucinogens include LSD,
marijuana, and psilocybin. State law classifies amphetanines and methanphetanines as stimu-
lants. Kansas statutes also provide for criminal penalties for conviction of certain alcohol-related
offenses. These penalties include imprisonment of up to six months and fines of up to $1,000.
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Federal Law
The Federal Controlled Substances Act provides penalties of up to life imprisonment and

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

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

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

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

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

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

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

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

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

Policy on Substance Abuse
The Uhiversity 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 perfom theirjobs appropriately
and to insist that job-performance standards be met. The University may properly intervene only
when impaiment 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 perfomance requirements.

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

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

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

•    A chairperson or supervisor may wish to consult with a professional in the treatment of
srvbstaINce-ardird"se WITHOUT IDENTIFYING THE CONCEENED EMPLOYEE before
attempting intervention with the employee.

•    Before attempting intervention, a supervisor ofclassified staff should discuss with his or
her own supervisor and the Daparment 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 drngs, the chairperson or supervisor will meet infomally
with the employee, make an appropriate referral to a professional agency and encourage
him or her to seek help for the problem. At this meeting, a date will be set by which
improvement in job performance will be assessed.

•    The employee is responsible for complying with the referral for diagnosis and for
cooperating in any prescribed treatment. He or she should be assured that the referral
agency will treat all discussions with strict confidentiality. 04ost agencies will, with the
consent of their client, report to a supervisor that the client has followed up on a referral.)

•    Between the time of the meeting and the date set for assessing improvement injob
performance, the chairperson or supervisor will continue to monitor the performance but
will in all other respects leave the initiative for further discussions to the employee.

East Canyon Dan, Utah Page 26 August 2004



®

®

®

®

®

®

®

®

®

®

®
®

®

®
®
®

®
®

®

®

®
®
®
®
®
®
®
®
®
®
®

•    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 albuse, 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 oz7".our c"fzz./a!b/e fo am/ ermz)/oi/ee
wz.ffe a# I.//«ess that interferes with job performance:
a.   Bez.»g z7/aced o# sz.ck /ea!i/e. This option is for those with accrued leave. It would allow

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

b.   Being granted a leave Of absence without _I)ay for u_D to twelve months. This orfuon is
for classified employees, upon approval of the Department of Human Resourees.

c.    7lnd.#g ea!r/v re".7'ie»ce#f. This option is for those otherwise elirible. It is, of course, a
drastic solution for both the individual and the University.

d.   Jtesf.g«z.»g. If a classified employee can make no progress, recommendations to
demote or dismiss are to be submitted to the Department of Human Resourees for
review and action.

hformation revealed by the employee while receiving professional services will remain
confidential and separate from Uhiversity 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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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.

Sledgeha-I
The sledgehammer is a well understood and availal)le souree of acoustic energy.  The

sledgehammer will be used with a hard-wire time break and will be operated by physically
capable 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 ann extension toward the ground, 3) contact striker plate with hammer,
and 4) lifted into aplit two-hand carry grip.  Activities sueh as changing broken handles and
attaching new hammer switches should only be done by experienced KGS staff.  A minimum
clear area directly in front of the operator of at least 25 ft must be maintained in case operator
loses grip on hammer or hammer head breaks free from the handle.  Gloves, safety glasses, steel
toed boots, and hearing protection are required for operating this source.

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

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

Ivlrmivib
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 throuch a hydraulically powered pad approximately 3 ft in dianeter mounted on
the belly of the vehicle.  The pad is lowered from beneath the vehicle using the vehicle's weight
as hold-down pressure.  The pad is vforated by a hydraulic servo delivering frequency-varfrog
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
manufacturer.
3) Hearing protection is required within 50 ft of the vehicle.
4) All shields are to renrain 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 engine is running.
6) Quick inspection is necessary prior to lowering the pad.

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 hann if not properly handled and operated.  Good common
sense, training, and experience are the rule for seismic field operations.  These can usually be
easily accomplished if manufacturers' operating and use instructions are followed.

The field investigations will involve project personnel performing geophysical surveys
of the study area utilizing the aforementioned explosive, impacting, and vibratory seismic
sources.  The principal hazards associated with the use of sources mentioned here consist of
handling or moving the equipment, improper use, fragments from high velocity impacts, and high
sound levels.
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VIII.   ACTIVITY IIAZARD ANAI.YSIS

AL.        Worklte:in:.  Traf f i]lc control

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

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

Control Measures-All personnel will minimize activity along trafficked roadways to the extent
ppossible.  Traffic cones will be used to identify and buffer the work area with respect to on-
coming traffic.  Care will be used while working on or around driveways.  If appropriate, signs
and/or flagmen will be used to alert and slow traffic through the survey area.  Flagmen will be
used along roadways with limited sight areas or apeed limits exceeding 45 mph.  For sites with
traffic apeeds above 45 mph and work requiring shoulder access, lane closure must be
considered.

8.         Work Item:  Mfro;Tfib

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 poten-
tial.  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 hold-down pressure.
The pad is vibrated by a hydraulic servo delivering frequency-vargivig energy to the plate over a
preset time duration.  No moving parts are exposed with the maxinum movement of the pad
relative to the vehicle less than 2 in.

Control Meas~
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-

facturer.
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
5)  Hydraulic pressures of more than 3000 psi are routine during operation.  No maintermce or

service will take place while vehicle engine is running.
6)  Quick inspection is necessary prior to lowering the pad.
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C.        Work Item:i.  Accelerated weight Drop

The accelerated weight drop (AWD) generates
acoustic energy by accelerating a 50 to 100 lb weight
through a 2 ft stroke impacting an 18 in diameter steel
plate held to the ground surface by the weicht of a skid-
steer style loader.  The weight is acoelerated within an
enclosed steel guide.  The drive mechanism consists of a
hydraulic motor turning a set of sprockets that deliver
power to a cycling lift am that pulls the weight against
the resisting foree of an industrial rubber band.  Simply

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

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

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

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

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

Case 1225 UhiLoader.

D.        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 apecific purpose and are critical to smooth
and efficient operations.  The ATVs never obtain
speeds in excess of 15 mph and therefore do not
represent risk of injury due to excessive apeeds.  The
tip-over potential is minimized by the 6-wheel design
of the vehicles, but tip-over potential does exist.  Care
is always taken to properly load the vehicles and only traverse grades within the acceptable limits
of the vehicle as defined by the manufacturer.

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

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

Control Meastues
1) Every ATV operator shall possess a valid Kansas driver's license and shall have completed an

ATV training course prior to operation of the vehicle.
2) The manufacturer's recommended payload shall not be exceeded at any time.
3) Gloves and an approved motorcycle helmet with full face shield or goggles shall be won at all

times while operating an ATV at apeeds in excess of 15 mph.
4) ATVs are to be used to haul equipment and supplies only.
5) Only ATVs with four or more wheels are permitted to be used.
6) All ATVs shall be equipped with a waning signal device ®om).

E.       Work\tem:.  Slide Hammer and sledgehammers

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

ControlMeasuresuresTonlyexperiencedoperators,powerhammerintogroundatacontrollatle
level, no bystanders within the distance of two hammer handle lengths side-to-side and behind
and 25 ft in front.

F.        Woul\tem:.  Geophones and Land streamer

Geophones are electromechanical devices that respond
to ea]th movement, producing an electric pulse representative
of the ground motion. They are coupled to the ground with
3-5 inch spikes.  The land streamer is a collective group of
gcophones connected by a single belt and dragged along the
ground surface, maintaining pressure contact with the ground.
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specific Hazards
1) Gcophone apikes can puncture the skin and string or

groups of geophones can be excessively heavy and
represent a lifting hazard.

2) The land streamer is lange, heavy, and awkward to
handle.  Muscle strains and pulls are possible.

Control Measures-
1) Keep geophone strings away from legs while walking and carrying.
2) Never cany more than one hasp of geophones per arm.
3) Always bend knees and use proper lifting techniques when loading or unloading land

streaner.
4) Wear gloves and safety shoes to protect extremities from smash or crush hazards.

IX.    TRA-G
At least one KGS personnel working at the site in connection with the project shall have

received hazardous waste worker training in accordance with 29 CFR 1910.120(e), be certified in
First Aid, and CRP trained.  This includes 40-hour initial training and yearly 8-hour refresher
training.  All KGS personnel will have appropriate experience and training with each souree,
vehicle, and method used.

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 specific conditions and duration.  The level of protec-
tion is upgraded when site monitoring or conditions indicate that increased protection is
necessary to reduce employee potential for exposure.

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

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

*When operating sledgehammer, slide hammer, 30.06 proj ectile, and auger gun.
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No respiratory protection equipment is required.  At the present time based on all avail-
able 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 available for use on-site.

XI.       SAFETY ANALYSIS

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

Mobilization - Loading & Unloading
Poteutial Hazards Recommended Sqf ;e Procedures
Sprained back Use proper lifting technique, get help
Backing vehicle into equipment Use spotter, back-up alarms on vehicles.  Driver to
or persormel insure that rear-view mirrors are adjusted properly.

8. Mobilization - Travel To / From Site
Potential Hazards Recommended Sat;e Procedures
Traffic accidents Use proper defensive driving technique.
Livestock or other animals on Watch sides of the road, especially at dawn & dusk; try
road to avoid larger animals.
Equipmentfallingoffoftrucks Check load before leaving shop or overni8ht lodgivg,

after first 25 miles, then after every 150 miles.
Losing control or falling asleep Watch driving speed versus road condition and posted
at the wheel. legal limits. Get good rest, use buddy system on long

drives, pull over if necessary.

Vibroseis Operations - See also IAGC Manual
Potential Hazards Recorrrmended Sa.i ;e Procedures
Vibrating over buried natural Use utility location if needed before commencing work.
gas, electric, or telephone lines. Look for posted notices of buried utilities.
Lightning in area. If thunder is within 5 seconds of lightning, shut down

operations, get into truck cab.
Slips, trips, falls. Clear work area of obstacles, be sure of your footing.
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D. Working Along Highways -This section highlights some of the more common issues. It is
not meant to be a guide to traffic control, which should be conducted only by qualified personnel.
Traffic signs, cones, and flaggers should be used as appropriate when working on road shoulders.

gn§, cones, and flaggers must be used when working in a closed traffic lane.
Poteutial Hazards Recommended Sat.f ;e Procedures
Pedestrian / Automobile Wear hghi-visibility  vests.  Watch traffic.  Don't
accident assume traffic control will keep cars & trucks out of

area.  Work faging traffic, pg! back to traffic.
If traffic drifts into the lane you are working in, drop
what you are doing and gct away to sofety.

Slips, trips, falls. Clear work area ofobstacles, be sure of your footing.

Laying Out and Picking Up Seismic Cables and Geot]hones
Potential Hazards Recommended Sa.I;e Procedures
slips, trips, falls. Clear work area of obstacles, be sure of your footing.
Back or neck injury Get assistance with heavy cables, use proper lifting

technique.
Tangled cables. Use proper winding / unwinding technique, get help

with untangling heavy cable or untangling cable where
footing is slippery or steep.

Lightning in area. If thunder is within 5 seconds of lightning, get away
from cables, shut down operations, disconnect cables
from any recording equipment mounted in truck, get into
truck cab. Keep an eye on the weather if thunder stoms
are forecast.

Environmental Concerns
Potential Hazards Recommended Sa.I;e Procedures
Fuel & hydraulic fluid leaks. Check equipment for leaks and repair as needed.  Use

absorbent materials, clean up any spills.
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XII.     ENVIRONMENTAL IMPACT ANALYSIS

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

XIII.   REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, Fz.recz77irs Sb/edy.
DOE F\aped DOEIEN 106\94-3 , DOE Explosives Soy ;ety Manual.
ID Appendix 0550, Sffl!ndrd ftyatj.our/ Sla/eo/ Ref"z.re"e#ts, Part Ill, Subpart I, `Explosives"

From the United States Deparment of Defense:
DOD cO55 .9-STD, Ammunition and High Explosive Sofety Standards
AR:38S-63 , Sofety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat
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Date of incident:

Kansas Geological Survey
Incident Report Form

Location of incident:

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

Uninjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

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

Site Safety Officer

KGS  05/1999
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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):

Uninjured person(s) involved in incident:

Other witnesses (not involved):

Equipment involved in incident:

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

Site Safety Officer

KGS  05/1999
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lcK. M\LLEQ~
mple[ec-I the requirements for

First Aid Basics

Dougfa°sn8L;Cjffyb€hapter

Diite comple[cd  a 3/02 |OH
The Aincrican Red Cross rccognjzes this cerlificale

its valid foi.    3         year(s) from coiupletion dale.
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Employee Name:

MEDlcAL EVALUAnoN FORM

Kansas Geological Survey
1930 Constant Avenue
Lawrence, KS  66047

DateofExam:_f2L±?_Q=_==9_7

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

Clearance for Hazardous W`aste Site Work

As per OSIIA 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:

•x

Corrments:

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

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

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

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

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

2.         To and from site and storage:
Must be storage in a metal locked container
Must be stored with bolt and gun in separate locations
Must be completely broke down and cleaned prior to storage
Access to guns and ammo must be limited to trained personnel only
Live rounds cannot be stored closer than 5 ft from guns

8.        Cleaning

1.          Daily,
Must be inspected for unusual wear, signs of metal fatigue, or struc-

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

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

least 3 times a day.

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

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

1.         Assumptions

NONE

2.         Never  Do's
Move from downhole placement with shell in chamber
Gun loaded with no one standing on plate
With one person on plate
With knees locked
Extract a shell in less than 2 minutes that does not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters
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March    24,    1987

MANDATORY    SAFETT    RULES     FOR    USE    0F    THE

.50-CALIBER    SEISMIC    GUN

The   .50-Gal   selsnic   gun  ls   powerful   and  must   be   securely   posi[ioned  when
fired.     Danger  exists   not   only  wlch   the   bullet   projecclle,   tut  also  wlch   the
recoil  of  a   loose  gun.     Be   sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   halt  with  a  metal  object.     If   the  gun  is   jamming  or   s[ick-
1ng,   clean   it   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion  of   dirt   and   sand   to   the   parts.

Operatlorial  Saf ety  Rules

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

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

3.      ALWAYS   unlock   the   bolt   when  tnoving   the   gun   (disar.tL   ic).

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

5.     ALVAYS   remove   the   bolt   completely   from   the   gun   for   transportation  and
storage.

6.     ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   tx)Its   are   Ci8hc.      Do   not   .Eorce   E't`e   gun   do.wn   an
augered   hole.     Re-auger   the   1`ole,   if   tiecessary.     Be   sure   ttiat   t`i`e   base   plate
rests   on   the   ground.     Hav-e   two   people   stand   on   the   plate   w.hen   firing   (flex
knees   to   absorb   the   shoctr`).

If   the   hole   has   watE2r   ln   lc,    seal   the   muzzle   o£   the   gun   w.i.Eh   Cat)e   or   a
balloon   to  keep   water   from  seeping   itito   tl`e   barrel.     Avoid   this   sicuacion,   it-
possible.     Water   in   the   barrel   tnay   seriously   damage   the   giin  when   fired.
Injury  is   possible.

Surface  Mode

Be   sure   all  mounting   t)olts   are   tight.     Carefully   protect   the   breech,
trigger,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN
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OPEBATIONISAFETY BULES AND PEGULATIONS
FOF] ll|E

AUGER  GUN

i /  , '`' / q I-

The  auger  gun   is  a  multi-component  shallow  seismic  source
which  is  designed  for  safe  operation.    The  auger  gun  can  detonate  up
to   a  400  grain   black  powder  load   (approximately   equivalent  to   one-
twelfth   of  a  pound  of   high   explosive).     Improper   handling   or
operation  of  the  auger  gun  or  any  of  its  components  can   potentially
result  in  serious  injury.     Proper  use  of  the  auger  gun   includes  not
only  safe  operation   and  handling   of  the  gun   mechanism   (firing   rod)
itself     but  also   the   skid-steer   loader  that  transports   and   powers   the
device.     The  auger  gun   js   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    Peaulations

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

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

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

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

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

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

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



Improved Shallow Seismic.Reflection Source: Building a Better Burmo

John Healey, Joe Anderson, Richard Miller, Dean Keiswetter. Don Steeples,
and  Brett Bennett, Kansas Geological Survey

SUMMARY

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

INTRODUCTION

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

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

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

DESIGN AivD TECHNIQUE

The  auger gun is designed to optimize
field efficiency,  source couple,  and  safety.   A measure
of success with  the downhole shotgun  source (as  with
any downhole explosive source) can be related to
efficiency in generation of broad-band,  high-
frequency energy.   Improved 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 obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole (generally 6 cm, or so)
approximately 80 cm deep must be bored.   The auger
gun described here incorporates all  the pre`'ious
opei.ations and  configurations  into a single  pass
source.

The auger gun consists of three main
parts:   power source (skid-steer loader),  auger/screw,
and modified buffalo gun (Figure  1).   The power
source for testing described here is a 25 hp, 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified hydraulic auger that receives its
hydraulic drive power from the loader.   The buffalo
gun used for these tests was elongated to Slightly over
2 in in length, is designed for bottom loading (as
opposed to the standard screw-on head),  solenoid
firing, time break from a downhole sensor.   The
firing pin has  an automatic (spring-loaded)  safety.
These  components  when  assembled  repi.esent
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  fi.om  the  gi.ound.   Once
the 4-wheel-drive loader is in place,  the containment
plate is lowered to the ground surface with t,he 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
:?.to the ground accomplishes  both FLxceptional blast
contaiiilr.ent  ancL  minii.Lial  residual  boi-elio'ie.    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 seat,ed 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 the firing pin or
with  an electric solinoid.

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

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

RESULTS

Data acquired for this test `vere recorded
on an Inpub'Output DHR-2400 seismograph with no
analog low-cut filtering.   Tbe 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 blaLnks.
The  recording environment was  consistent
throughout  the  comparison.

Auger gun and buffalo gun field files
acquired under identical conditions allows for
comparison of several key source characteristics
(Figure 2).  The amplitude of the data is noticeably
r`:gher wit,h tile auger gun with verv little difr?reiice
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.   '1`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 (Fitgure
4).   Almost 25 percent more energy is present on the
auger gun spectra in the 30- to 70-Hz range than the
equivalent buffalo gun spectrum.  Little or no
observable increase in the amount of recorded ground
roll can be observed on spectra of 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 bufra]o gun.

Subtle  changes in source  environment
make considerable difference in the  amplitud.e
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy by over 50 percent.   Significant
variability in frequency and amplitude of the I.ecorded
energy resulted from slight changes in  the  downhole
environment.   These subtle changes and their
resulting effect on the seismic dat,a 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 chat.acteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Pi`eliminary
testing indicates that at some sit.es it may be possible
to acquire over 500 shotpoints a day when station
spacings are  5  in or less.
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Fig.  2     Auger gun field file (left) compared t,o the
buffalo  gun  (right).

containment
screw guide

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

0                      50                   100                   150                   200                  250
frequency (Hz)

Fig. 4    The darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).
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I)on   W.    S[ceples.    Rlcl`ard   I).    ,1lller,    Rali]h   W.    KI`app.

Kal`s.|§   Ceolo8lcal   Survey.

suHuny

ln   a   dlrec[   comparl8on,    the   downhole   .50-caliber
sel6rt]lc   Source   produced   li]ore   sel6rlLc   energy,   a
broader   body-Wave   frequericy   speccri]d,   at`   applltude
drop   Ln   the   air-coupled   vave.   and   A   higher   dotBlrian€
frequency   of   the   recorded   body-vave   eiler8y   than   the
silenced   8urface   .50-caliber   Source.     The   recorded
aelsnLc   el`ergy   o[   [l`e   downhole   rlf Le   Shoved   a^
lncreaoed   aipplLtude   of   6   co   12   dB   over   [hac
recorded   by   the   81lenced   aurface   rifle.     The  dool-
nan[   f requency   of   [I`e   recorded   ref lecclon   ei`ergy
Wag   col`91scencly   20   Co   40   Hz   higher   than   the   Our-
face   I.Lfle.     The   all-coupled   vave   aapllcude   Was
decre48ed   over   12   dB   by   eub®utface   I lrlt`8   of   the
•1f Le.     The   f[equericy   8peccr`a  of   the   body-Pave
pulBe  vac   tiroadened  tiy   .1aio®t   .  l`alf   octave   on   the
hl8l`   end.     The  eafety  of   operatloo  of   the   eource   le
I`oC   colBp[onl8ed.     Refleccote  vlch  .  donlaant   f[e~
qiiency   ln  exce®®   of   loo  tl=  can  be   edelly   ldenclfled
oa   £1eld   f llee   at   depcl`e   of   le8®   Ch®a  30  a  uelng
the  do`+i`hole   .50-calltier  rlf le.     Ideaclflc.[loa  of
loo-llz   reflecco[e   frola  I,loo  ti  la   poe81ble  on   field
£1les   of   "lclpLe  vercLc&1ly   8[acked  dowhole   .50-
c.llber  8hot8.     The  Source  vlll  opetace  ln  &n
ef f LCLenc   nLant`er   collec[Lng   COP   data,   coonoti-of fset
data,   oT   epo[-correla[Lon  data.

INIRODuCTION

lncrc{"li`i:   ei`vtroi`mi3n[nl   and   englnecctns   appll-
•.Iill...in   ur   r¢[leccloi`   oelomolog]r   liavc   Bpu[red
re8e,1rcli   Alid   devclopnei`C   of   8halLov   hl8h-re8olutlon
rerLt!ctlui`   tecl`nlqut!8   #i`d   equlit®enc.      R¢solutl.I`   ou
[l`e   o[Ller   of   A  meter   1®   necessary   to  de[ecc   uLcraL-
oliallov   Cargeca   vl`l.cl`   are   gerlerally   cl`e   goal   of
•ofic   envlro."oncAl   .iiid   engtneeTLns   8[udLe8.      This
Li`c.ea8ed   resolu[1orL   can   bc   ob[aLned   by   boo®[LI`g
Cl`c    [tl.t|`icl`cy   o€    Cl`c   Source   i>ulse   .hlcl`,     ln   Curii,
1ncreaaeg   the   doiBLnat`C   f requency   of    the   recorded
seLsmlc-reflec[lon   energy.     Cenet'atlng   the   l`LBh-
£requei`cy   sel6mLc   Source   pulse   nece88ary   for
shallov   appllcacLon8   ha8   been   accodLpllshed   LT`   a
®uL[lcude   of   dLf feren[   vay8   1n   the   past    (Mlll.eT   e[
al.I    1986).

Recent   seL§oLc   8oiirce   advances   ac    the   Kansas
Ceologlcal   Survey   (KCS)   have   -alnly   revolved   at.ound
surface   p[oJectLle-type   6oiirce6   (Sceepl.es   arid
Kriapp,    L982:   Hlller   and   Steeples.    1986;    Seeber   and
Steeples.    1986).      A   .50-caliber   rl[le,   which   was
designed   and   built   Co   8af ely   fire   a   750-8raln   bul-
Let   verc(call.y   Lt`Co   tl`e   8rour`d,   has   Pore   recently
bee.`   Ada|ited   Co   ape.ace   parclall}   underground   vlEh
oaly   [lle   flrlng   apparacu6   above   ground.     This   aL-
1ov8   eafe   opet.&[lori8,   a   hleher-£[equency   source
pulse,   ar`d   an   lnc[ea8ed   8lgI`al-to-noise   raclo.

¥.5.I.(:.N..4.N.I!.:I.I.;€|I.N.(.q!.ri.
•rlic   i!f:i`cr..il    deslBi`   ccntecs    aroui`d    oiiclflil7.Ini;    [t`®

coi`vcr.ilu.I   {iL'    ci`tr8y    iiroducl'd    by   a    .5u-c.iLILi.r
•tf Li`    h`ill.it    Ln[o   Selsmtc    (acou6tLc)    Waves.       Tl`u

majorlcy   of   the   er`ergy   produced   b/   a   .50-callber
round   goes    Inca   accelera[1ng   Cl`e   projec[ll.e   ai`d
lnco   exhau8C   gases.      Prevlou6ly,   .1[1`   above-ground
8oilrces.   we   have   sllenced   and   dlsper§ed   the   exl`aust
8a8ee   ln  hopes   of   elld]LnacLag   or   a[   least   greatly
t.educln8   the   ef €ecc8   of   the   air-coupled   tJave   on
sel8mlc   data.     The   do.i`hole   .50-caltber   rifle
i`early   91mul[aneously   exclces   the   earth   .lcl`   tl
projectile   and   vl[h   ejthau8C   gases   vhlle   contaLnLng
no8t   oC    the   air-coupLed   vave,    resuL[1ng    Lt`
Increased   I requeac.v   arid   sl8nal-Co-aolse   ra[lo   oi`
8elaolc   record   sections.

The   downhole   .50Lcallber   selsnlc   §oiirce   con818Cs
o€  a   .50-caliber   rifle   bolted   [o  a  a.6-ci--Chick
®teal  plate.     "e  rifle  lc8`elf   ls  a  8[ai`dard   .50-
caliber   breecl`  and   bolt,   bullc   by  Texa9  Gun  and
Nact`1ne  Coapany.   &[t.ched   [o  a   ccaAdArd   .50-callbet
Qachlne-gur`  b®r[el.     Hachlned   grooves   ln   the  barrel
are   u8ed   lrL   conjurLccloa  vlth   a   I)res8ure   clamp   Co
•[tach   the   rl£1e   to  a  30.-co  by   90-cn  steel   plate.
The  rifle   barrel  ls   lo.ered   Into.|  60-[o  80-cm-
deep  borehole  4  ca   ln  dlafliecer  un[tl   the   place   ls
flu8h  wlch   the   gt.ound   surface.     This   steel   plate
ac[8   a8   a   ground   seal  and   a   pla[foro   [o   stand   on
vhlle   flrLT`€   the  gun.     The  vel8ht   of   the   shooter   on
the   place   and   cl`e   ai`ug   [LC   of   the   barrel   Co   tl`e
borehole  walls   help   geal   cl`e  gun   [o   tl`e   grourid.
The   rlf le  can  be  equipped   vlth  a   source   8efisor   or
clofiurc   #wl[ch    to   t:|`I`cr.il:.:   ..I    Clmc.   I.rl...ik.       Flrli`t!
can   b¢   doi`e   elclil.r   clccit.[c€`Lly   b}.   s`ilui`old   ur
d,in`IAILy    by    ptill(ni..    tl`I`    rrli.,i...!r.       Tli`.    Ilti..ili`ilc.    .5U-

callbcr   welt;lis   about    -J()   tt;   ;iiiJ    1*   |...isLLy    l.Jo~iiurguii
p8.table.

IJ`RE()Uli;NCY    ^NI)   ^L'J'|.I ||||).:

Tlic   dovi`lioLc    .50    c;iLlh.:r    iii.uJ`i.:|.i    l:rum   A    I.o    12   tlll

greater   reco[dable   sets.ale   ei`ergy   a:   equlvaLen[
offsets   [l`ai`   tl`e   sll.enced   surfacl.   .50   caliber   ([1s.
I).      Tt`e   lr`crea6ed    recoc€ed   energ;..   boosts    the
slgrial-[o-noise   er`ou8h   Co   s`ibscdn:ialLy   clean   iii]
the   record   8ecclon.      The   source-tc)-closest   geop!`or`e
offset   ln   £1g.    `i   ls   43   a.      Besides   :l`is   ncclceabl.e
Increase   ln   recorded   seisllc   eners:..,   a   cor`slscei`[
20-40   ttz   t}oos[    ln   tlic   do.qlnai`C    f rei`iciicy   of    t``|`
Source   wavelet    ls    cli,.irdccerL.q[[c.

In   previous   shallow-source   co.lps:i§ons   (Xiller   e[
all..,1986),    the   surface    .50-callbe:   per[or.Toad   com-
pa[ably   Co   Mlnl-?rinacord   and   a   lo-gauge   Buf ialo
gun   ln   total   energ;f   and    i req`Iel`cy   spec[rurE.      Tl`e
noted   increase    La   I re(iucRcy   ,ii`d   t!r`er5y   Would   in.`ke
the   dovnhole    .50-calLbe[   rlfle   co,.p`irable   to   tl`e   8-
gaiige   But falo   guti   tThlch   .as   .`oong   :he   best   .Sources
Cested    for    refle::loft   e..`.ergy   versi:s   3rou``d    roll,
[o[al   energy.    arid    ft.equei`cy   r.oi`cei`:.

S^(.'l:`l`Y

S`,lc(y    gl,u,,ill     i?c    `,,      ,I ,,.,, I ,,,,,, :1     c ,,., l:|.,.,,     1` ,,,,, )'

i,?i<lal,i     #,l'''.,:c<'        1''''=     ri''',i     I.i
.__ ----  _._.___..-            _-I
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2                                                                                                                                Uov.`l`.i`Li    .SO-C.llhor    KLf le

moui`lc{l    oii   A   O.6-cm-tliLck    flceeL    plate    Co    iir.)C|`c(
Cl`c   oi}er,icor    from   f ragmencB    And    Co   t`elp   hold    CI`e
i:`ii`    lil?I..iirl.ly    ln    pll.cl..       .i[I`cl.    [l.a    iiroji.ctlle    Lii
I Lretl    fToo   a   bolt   and   b[eecl`,    orlglnally   deolgned
as   a   8C.ii`d,ird    f lreArrD,    the   ucnosc    ln   ®nfe[y   has
•1lru..I.Iy    liccn   di!.1Bi`cll    Into    [l`e   nc[ual    f[rLn8
"ccl`iii`lbm.       .I.lic    I]olc    aiilJ    brcecl`    ii]iinu€flcLu.|.r
desLgned   the   appara[ue   not   Co   f[ag-en[   evef`   lf   tlie
barrel   vaB   completely   obscrucced.      Tl`e   barrel   18   ln
u[i.I`tliir{I    ..uc   by    tlic   u.    S.    I.lll[nry   a.I    .50-colll}cr
dacl`Li`c   8ui`o.      Tl`e   extra   [hlckneBe   of   a   mchlrie-gun
barrel   eerve8   to  dl8elp4ce  heat   and,   eepecLal.1y   ln
our   case,   procecte   from   blow-out   1f   fo[elgo  a)acer-
1al   gets   lrico   the   barTal.      Thl8   rDateg   contlnuouo
o|.eratlone   ®afe   ai`d   coi`eLacen[.

CASE    STut)Y

Silenced   eurf ace   .50-callbet'   ve   I)ovnhole   .50-
callbec,

Tlie   dLrecc   colt]parL8on   of   tl`e   eurface   A.`d   [lie
dovnhoLe   .50-calLbe.   rlf lee   va8   pe.forrDed   nea.
Wlnccr   Park.   Colorado,    1tL  .a   4[[eapc   Co   de[ec[   tlie
Moffac   railroad   [ut`nel,   e5  fi  beloi+   (he  eu[face.
The   recelvere  vere  ®1fi8le   loo-H2  geopt`one®  vl[h  .
I.2rl]   ec®CLon   li`ce[vA1.      The   eources   vere   43   tB   froo
the   cloee8[   recclver   ®C.[1on.     TI`e  tc.ultlng
recorded   field  fll.e.  plotted,   u.1ng  true  eiapllcude,
cleArLy   el`ov  [l`e   lncrea.ed   aBpll[ude  and   [t`o
Lncrea8ed   el8naL-co-tiolee   [e[lo   of   the  dovnhole
rifle  a8   compared   co   the   8urface  Source   (fig.I).
A  glaring  dlf feret`ce   18   the   ab®ence  of  al[-coupled
vave  on  the  field  I lle  uolng  the  dotmhole  tlfle.
The   f requef`cy  dlf ference   le   obvious   on   the  adpll-
Eude   8pec[ra   (fig.I).

Dovnl`ole   .50-caliber  Field  Fllee   end   S

The  dowr`l`ole   .50-caliber   rl£le  can  produce  a
eource   pulse  vl[h  a  doDlnenc   re£1ectlon  f requency
ln   e*ceee   of   L80112   (fl8.   2)   vhen  used  vl[h  .nalo8
lov-cut   i ll[er®   that   t`ave  a  -3   dB   polnc   o£   220  Hz
.ii`.I   a   24   dll/octave   rollof i .      CleAi`   .lntaua-pha®e
retlecElo.I  .avelet8,   ea81ly   ln   exce®6   of   ls0112,
can   be   ldel`[1f Led   down   Co   270   d8ec   dLTec[ly   off   the
field   file   (fig.   3).     The   8peccrui.  o€   [l`e   re€1eccor
A[   85   oscc   L8   alqo®[   3   oc[ave8   acro6e   vlEI`   corner
frequenc:lcs   of   40   and   290   lie   (fig.   J).

the   downl`ole   .50-caltber   rl£1e   has   not   only   beci`
iitovci`   [o   be   a   useful   8l`alLov   hl8li-resolu[1o.i
reflectloi`-selgii]1c   Source,   1t   al®o   poo®e8ses   the
capablLLty   [o   peoecr8Ce   ae   A)uch   aB   l,LOO  a   of   eedl-
men[A[y   vet`eer   overlain   by   15   [o   30   a   of   vea[t`ered
alLuvl`ilti   (fig.   4).      Tlie   [eflectlori   ac   720   rB3ec   oA
the   £1eld   I Lle   L8   ^rbuckle  doloEil[e   a[   a   depth   of
I,loo  a   ln   cei`eral   Kan8aB.      Thl8   elghc-8hoc   8Cack
va8   recorded  vlch  30-ttz   low-cut   fll[ere  and   ten  40-
Hz   geophoneg.     The   domlnanc   frequency   of   the
refleccloi`   energy   18   about   loo   Hz.

^CKJtowl.EDCMENIS

fLmdlng   fot'   [hla   re8earel`   va8   provided   ln  paTC   tiy
Naclonal   Sclel`ce   Foul`d.[1oa  Cran[   h'o.   EAR-8218735.
We   ai)preclace   Eo[her   Prlce'8   effot.cs   ln  manugcrlpc
preparacloi`  al`d   H.I.1a   Adkln6-Helje8oti'B   edlcorlal
8ugge8 t lo..8 .

I(EFl.:R*:NC'.:.t;

Mlllcr.1{.I).,      t'uLli..I,     .i.I.:.,     W..il`Iiil!r.     .I..i.,     .|iitl

llaenl,    P.P.,1986,    FLeld    comij;`rlson   of    sl`aLlow
aelsralc   8ource8:      Ceop``yslcs,    v.    51.    p.    2067-
2092 .

Hlller,    R.I).,    and   Steeples,    I).W,1986.    Sl`allow
8Cruccure    i ron   a   .eeL6ii)Lc   ce(lec[J.ol`   prof lie
ncrotiB     Clie    II{}culi    l'c;lk.      Itliillu,     [;iult     #ci.r|i:

Ceophy8lcal   Research   I.eccers,    v.    LJ,    p.   95J-956.

Seeber.   H.D..    and   Steeples,    I).W.,1986,    Selsflil.c
de[a   ob[ali`ed   vlth   a    .50-caLLber   fl)achlne   cud   a8   a
hl8h-reeolu[1on   8eLsfalc   8ource:      AAPC   Bull.,   v.
10,   p.   910-916.

Steeples,    I).W.,    and   Knapp,   R.W..1982,    Reflec[loi`8
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Sea   Conver`Clori   (Exp.    Abs.),    SEt;   program   volun]e,
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and  therefore  the  resolutic)n   easily  obtainable   'w`==h  a.dovmhole   .50-cal.
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Surface  50-caliber  Bifle  -vs-Downhole  50-caliber  Bjfle

250
frequency  (Hz)

II. Z  in  surface  5o-cal                                downhole  50-Cal     1 2mrl

) I i i t i
`' <

( -
i

i

(

(

! ( i I )

( i. ''/ \\ lw lt')))' 1
`/( (\\t(\ (\(¢ I I / '(( (tt\tl\\\\\\`lL

\\1  )i \\t\ [1«1 ( ( (\|\\t\ I ''(I(Ll'''rr,
(\\'' ) '/ t'` J//((( I 'r[ I)I) )')I((lj/(

//(( ( \\ ( (\\\)'''' ///««KJ` \\\ \ \\\\}' '
\ \ I \1 11((\\ )) \\\\h))''' [\ I I I J/r\ \ 0'

) /' ((( \ \ \ \\ ) I 'H )'/ /+/,(  \ t\
(\\ \\\ ( ( ' / //(/I / /( ( \ ( ( \\\\\\1 L'J
'1 1 // ((\\\ )\ ll)''J,(I///((«NIX`\
( \ ) lil)I ) /(\ 1\ ` \ \\\ I(Ir I

\ \ ' )`(\

_\\
\\ TTTTTr\ /I

( ) j i) \ \111  i  I ( ) \\\ ' \ \ \\)
I ' \ Jc:X'._,)

(\` \\I'''j J( ( (  ( \

I I J -iJ|)(+\ '
`1

( 111 I  I  I  ) ! ( (\ ).1  ,'  ,1  ( .   ',.\

il I ¢Slc     :, ) (

+,il-#TiulltryTI !J  \r(|.
(Jl}5urS.:r) t) ; ' `

'i

\( )) ( i \\\)Jt?,I(i(\( (?/ \ /`  (  (  (  ;i
'lL

lj /j \ )I,'

500

this--i-ingle  shot  ccmparison  plotted  true  amplitude  with  ider.tical  recording
parameters  clearly  shows  the  increased  siqnal-to-noise  and  the  inproved  freGue.-
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85  msec  Pleflector  Wavelet

Amplitude  Spectrum

250                  500                 750                1000
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Eight   Shot   Vertical   Stack

Downhole   50-caliber   Bifle
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MATERIAL
SAFETY DATA

EMERGENCY PHONE  1-BOO-OLIN-911

SECTION  I  -IDENTIFICATION
CNENIC^l N^NE . SYNONYMSIndustrialAmmunition  8  Gauge        ( Small   Ams   Armunition)

CMEIJIIC^l F^NIIY FORNuu TFl^OE  N^NE

Not applicable Mixture Not applicable
OEScf`lpTION C^S  NO..

Container with powders and projectile Not assigned

SECTloN  11 -NORMAL  HANDLING  PROCEDURES
Pf`EC^uTIONS TO  BE TAKEN  IN  N^NOIINC AND STofIAGE

Store  in  a  ccol,  well-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.

Pf)OTEctlvE EOulpw ENT VENTltATION  FIEOulf`ENENTS

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

during discharge

SECTION  Ill.  HAZARDOUS  INGREDIENTS

B^SIC MATE.l^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
Ft^Sll poll.T        Not OSH^ CLASSIFIC^TION.... FUMw^BiEi      LowEn     I     UPPEn

XPL       'V - -NE"OO              ADZ)Iieable |IN'TS
Ex"ouisNiNC NEbl^                              Deluge wit-h water,  material is self-oxidizing.   Flood  with water

to  fiFht  fit.e  and  to ar)ol  .Shell.q_
SPEcl^l FIRE  HAZARD .  Flf`E  FICHTINC  Pf`OCEOuflES

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

SECTION  V -HEALTH  HAZARD  DATA

TwnEswoio  LIMIT VALUE

None  established.  (Inormnic  recm. std.-air:   TWA  0.15  mr (Pblm3  (Act,TH  19R4-R5`
SYNPTOWS OF OVER EXPOSURE

Eye irritation, fatigue, disturbance of sleep.
ENEncENcv FifisT.^iD pFtocEouF`ES

SKIN Contact of skin with shells presents no health hazard.

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

'NGEst'OW
Ingestion of shells not a possible route of exposure.

Remove victim  to  fresh air.
'WH^uT'ON -



S[CTION  vl -TOXICOLOGY (Product)          (Sli.tall   Ams   Armu`iitj.{>n)

^CurE  on^L  Lo So Not applicable c^nciwoGENicITt        Not  carcinogenic
Nut^GENlcitv              May  be  mutagenic

Acute DEnM^i io sO
I > 2  g/kg

EYE imlT^Tiow              May  be  an  irritant
pniM^flv sK" imlT^tiow                     Not an  irritant

ACUTE INH^LAtloN IC 50 Not known

Pf`lwcIP^l floutES OF ^BSof)PTION
Inlialation, dermal

EFFECTs Of ^cuTE ExrosuFtE
Fatigue, disturbance of sleep, eye irritation.

EFFECTS oF ctiiioHic ExposunE        Anemla,    Central nervous   system   aepresslon,   toxicity   to   kidneys,
reproductive system and fetus.

SECTION  Vll -SpllL AND  LEARAGE  PROCEDURES  (Control  Procedures)

^cTioN FOR N^TEf`i^i AELE^eE OR 9p.ii
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See     29    CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    Isolate  and  do  not seal.
Label "Small Arms.Ammunition''.   Wash au contaminated clothing before reuse.

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

TF`ANSPORTATION  EMERGENCY,  CONTACT CHEMTF`EC 600424-93cO
w^stt Olgros^L I.E"OD

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

SECTION  VIIl  -SHIPPING  DATA
a.a.T.cuss                                            class C Explosive        Om.I-D

sECTioN  ix -REAerivlTy DATA

STABLE             X   uWST^®LE              ^T                  °C                        ®F H^ZJ||cOu§ w^y cecun-- roLvi.Eniz^TioH wlLLHOToccun    x

coNoiTioNs to ^voio             Open flame, heat, sperks, Shock or percussion, pressure

"cowp^tl®iL|TT (Ht`.".I `o ^®id}             Acids' alkalis, Oxidizing materials (contents)

t{^z^noous oEcoMposiTloN pnooucTs             I.ead fume,  carbon in onoxide

SECTION  X -  PHYSICAL  DATA

|wEiT"G roiNT              N/ABOIIINCPOINTN/AisF]ECIFICcf`^Vltt(11,O.1)        N/A V^Pof` PRESsuftE                  N/A VOL.Tl lES                                     N /A
soiueiLitt lN w^TEi`         N/A Ev^roR^TioN furE                   N /A
pN                                              N/A v^rof` DENSITY I^l..1l             N/A

iNFof}MATION  Ful]NISHED BY:                  C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

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

olin cORpof`ATioN
120  Long  f]idg. Po®d. Stamlord. Connocllcul 06904

0CEAN®   N®twork
EMEflGENCY  PHONE  1-BOO.OLIN-911
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wia|chal intoty Data §h.e®t.     .
W.y ho `J.ed lo chr .M
Osl1^.i Lhard a~irhalion. Standed.
20 Cm I.Io.1200.  Sl.nd.rd mud t-
con-I.ed kr tp.cue .equl.in.ntL

u.S. Department ol L.bar
Occiip.lion.I S.I.tv .nd He.lth Admlnlltr.tlon
(Non-M.nd.tory Fom )
Form Approved

OMB No.1218cO72

¢»`
®®" u\ l}..a on \.Ii. .rid u®

All  Shot®h®1l  Am`inltion
NLtsE~"ztwn,ha-b#LttTas#%ts#r###=

'  .    Sedkml    ..'snall  ^rBis  A]mnltlon-

LOudunr. Nrm Em.rponci/ T*pen. N`Imb-
Reninqton  Amg  Co. ,   Inc. (501)  .   676-3161

^dam O*rho- Sa- C\r. Sno. end Zu. Cod.I Telophon. NIImber b. Inlo.rr`.tlorl
I-40  &  Hlgh*ay  15.        . (501)      374-2246

I.onck®,  Ark.ansa.        72086              .    .    `               ..
00'® P'vyed`      8-12-86    .

I,, S3qn\\\It. ol Pnp.I- (bFtorl.O
W.G.   Bell,' Chew  Lab  -Technical  Section

S.ctloli I - tl.I.rdou. lngfodlont.^dontlty hlometlon

H=:==:Lrnd=r=TquqL5=,¥_LI="vlTM-::':.TTi'`
Ar8enl.c  .nd  con '|nd 8                                                Ion
AntlJnony  and  ccmpound.                                                   500  ng/M
Bariun  and  conpound®                                                         5oo  mg/M3.
tlltroglyerln  (0.05  rm  utin)   500  nlcrogram8/M3  of  air

DOT  -  "Small  hms  A[t"nltion"
Cla..  C  Explo.1v®

O"-D

S.ctlon 111 - Prty.Ic.I/Ch.mlc.I Ch.nc`.rl.tJc.
ea,^O in                               . s#!g#plt£::I

Wot  applicable
V.po. Po...IJr. (mm Ilo+)     ' qu PoldNot  applicable Not  applicable
Vpr rty pe . I)

gL"utrtyTw^oTAml.c.aLLeNot  .ipllcAble
th#dh#ead  styphnate  -|nsoluble|  I,Cad Nitrate  -127  gin/100cc  Water -loo.C

Aerro ed ou
Grayleh,  Gray,  Sllv®ry  Nat®rlal  i  No  odor

S.ctlon lv - Flr. .nd Explo.loo I1.I.Ill D.I.
Fwh Pout qAOu udy Fum~ uTb I.E| uE|

Not  applicable Not  applicable »A NA

ExgpJqu Lq
Material  18  .elf  oxldlzlng/   flood  vlth  Water  to  flgtit  fire. and  cool  .hell..

SP.Gil Flo. fiot*ino Proe.d`m   .

u°#efrBr¥iHigtor#e when  exposed to fldb. and high  tenperatureB.
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Sedkro V - fro.ctivtty D.I.-I, UruArty Condiuou®^VOu        Flames,   sparks,  percussion  or  shock  and  hlgb  .

Sou
X texperatureB   (130®C)

lr.oorno.llblllty W./Of./l lo Arold|  `. Strong  nlneral  ecldg  and  alkali-
ti.I-th. cci]ijiiij]tiiHEii ® Bindd Cbtldee  of  carbon,  nitrogen  and  lead  fme8.r- W,y Ctw C~k""      i]eat,  fire,  static,. friction and Peroug810n.

W" Nd Cho
X

SectJon Vl - He.Ith llaz.rd b.ta
f".I ol EJtry:                     th.l®twh7     Funeg                      Sth7   cuts  or  abrasions  -'ffigri7cl®g

mFn#E `#i#e#'ctorla ,  efroryotoxln , rmlnutrltion,
weakness,  mental  confusion, allor  -

tr'eat  per  general  lead  expos`ire}.  headache  at`d  nausea

CiREin  .---mp'--                           uuro~'                  °SM'-Hdi  Lead. Yes

Sir-nsi4T-OIExmd     '      f`efer  to  health.hazard  above.          `                                       .     .   .

-Co-
ceni=aSF ^cor~ded try EquJ. Gastrointestinal  tract} kidneys,.  blood  and  central  nez'`rou.

BysteD.           (CINS )

En-ulFHAHpn~        §kin.  f|ugh  ulth  water|  if  Swallowed  Seek  medical  attention

inedlately.
S.ctlori Vll - Prec.utlon. lor SI.. H.ndllng end Ue.
Slo I) ee Tofco h c... W.I.rl.I I. F).I .... d or spilL1                                                                                                                      +

Use  non-sparking  equipment  to  r:leanup  and  store  shells  -avoid  i.gnj.I:1on  sources.

r_Fe±¥l¥ b_e  borne_a_ per_ 'appr_oprlate  federal.,  state__ape___I_o_Eel  regulator¥a_geng][=
contact

Pi.c.ulon. h 0. Tot.o 1` 11.ndno .nd Slrty

Refer  to  rel®ae®d  or  8pllled  datd: abo`r®.
Cxh- Pnndho

Label  colitainerg  -  "Small  Amg  Ammunltlon"  Year  gloves  and  ghrapr.el  protection.

S.ctlorl VIIl - Control W...ur..
f`whrrty m~ /Stry nm/              osm   sA/HIE/Scm

C]h..  Prat.c`h. Ct]hinq cr  Eqc!i;;=iii;i= tJBe  heerJ[ig  protectlcin  when  discharging  cart.rldg®B.

2rfe?_C:iP-a 0,a ,a: ,,I,,,I,,„,,,I,,
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MAmIALSAFFTyI}ATASiiH

SMAILAmrsAInrmqnoN-REIE&rmoLAMMqmoN
Etderd Carfuide Coqny

anmEdre
Alicka. hfuesctzi 55303

"RE         6]21323+2300
FRortytr sFRVlcfty  fl2e23+3ro6

ErmGENor HONE NUMBER. 800-424quo qurmEo

H]c Date: Janllal]r 4, ljey

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

sEmoN fl - monger IDFDrmcATioN:
moDucT FAELT

Centedre ldetallic canddge           .     The Falfowing:

. 222                 a . 30-30 Winchester "    ,   .:,

. 22-250                 n .32 Autondc .32 Wi          qu

.223 Renington .32 S&W try .338 Wiirdestr htryun
dr .32 rm hftyun .35a

.243 Wmchester .380 Autormdc 8mm MausH

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

.25di kemington .357 hftyum . 280 kemigivn

.270 Wmchester 9rm huger Auto 7-30 Waters

7rm Rchgton ftyun 9mm EL Or-822) 7.62XsO Soviet

7m Muser 9rm Federd .303 British

.3cO Winchester hfagnum .41 Ron xpun .375 HRE ftyrm

.308Wmchester .44 S&W Sperfu .3oo ERE ngun

.gout fyingfidd .44 Era ftyun .458 winchestff Mrfuum

.30 ± Cafoine .45 Automtic '416 rugby

.25 Autonrfe .45 colt .470 Nifro Express

lorn Autgutc 9mm Subsonie •38 qu +P+
.40 S&W 6.5rs5 swrfu 7X64

5.56 hited Range 9" mted Range .38 Special +P

356 TS&W .27o wfafledy ngun .300 Weatttoy hfagrm

7mm Weaflchy hfagrm .357 SIC .38 fry



®

®

®

®
®

®
®
®
®
®

®
®
®
®
®

MflY  26,99   15:45   FR  FEDERfiL_SfiFETy  DEFT     612   323  2445   TO   9Lr78586453[7             P.©2

sECTroN # - cHEhncAL conunouNDs:

cEuncAL cOMrouNDs

CAS NIREER
TWA UNLESS OIHERVISE N0IED

OSHA PEL ACGH Thv
Bullet - rd orI.eelCore 7439-92-1 .05 mg/rf •05 mg,in.

CqpperJrfe 7440-50-8 l mg/in.            Fume: 1 mg/rf          Fthe:
• I mg,in. .2rlyrni

zinc  (As zinc onde) 7440ifu6 1o mg/m9 (5 mg/rf 10 mg/rf
1314-13-2 as reapinble dust)Fume:5mg/m' Fume:  5 mg/rf

Tin 7440-315 • 1 mg,in. 2 mg,m3

Nyclad Ccathg Not Ethushed Not Erfurm Not Ethnched

Ouridge es -Brass,(AsZinc&Copper)(SeeAbove)

Nickel Plated Brass(AsNiektl) 744Ounro 1 mg,in, 1 mg,m9

Hopellant -Nitrooenulose 9004700 Not Erfurmed Not REhshed

Nitrnglyceche 55-630 2 mg/m3   Ceithg 0.46 mg/m3   (Skin)

Graphite 778242-5 15 mg/rf (5 mg/m3asrapinbledust) 2,mlalul

Then ~ rdStyphnate(As rd) 12403-82i5 •05 mg,in. .05 mg/rf

Endum Nitrate (A8Ewhum) 7440-39-3 •5 mg,m3 •5 mg,in.

Aninony SLmde (AsArfuony) 7440-360 .5 mg/rf •5 mg,m'

Aluinun 7429-90-5 15 mg/m' (5 mg/m3asreapirabledust) 10 mg,m3



®

®

®

®

®
®

®
®
®
®
®
®
®
®
®
®

Mf]y  26,99   15:46  FR   FEDERf]L_SfiFETY  DEFT     612  323  2445   TO   9Lr78586453£7             P.®3

EmNrn        OF ACRONyhas

OSHA PEL:      Occupational safety and ELlth Administration's prmisrible Exposure linit.

ACGH Thv:    Amedcan conference of Govcmlrmtal ndustrial Hygienists' Threshoid
Lihit Values.

TWA:                Tine weighted Average.

STEL:                Short Ten Exposure himit, the 15 minute exposue which chould not be
exceeded at any time during a workday.

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

GAS :                   Chemical Abstracts service number.

sEclroN rs - myslcAL DATA

toiling Point:
rmth8 Point:
Vapor Pbessue:
REty:
Solubfty Ovater):
Evaporation Bae:
Perent Volaffles:
Vapor rmty (Air = 1):

Appearmce:

Ouor:
Ckfor Thrdold:

Not Appncable
Not Amncable
Not Applicable
3.1 - 8.0 grams/cc
None
Not Appucable
Not Applicable
Not Appncable

Brass or niekel pAaed brass case with plastic, lead,  oqpper jacleed
lead or nylon clad lead bullet.

None
None

SEcmoN #4 - rmE F]GEITING & EmosION DATA:

Flash Point ®:
Auto IBnifron Temperature ® :
Upper Explosive Iinits Q'ercent) :
IJ}wer Explosive himits Qlercent) :

Fie & Explosion ±:

Eth8uirfu8 Mife

Not Appucable
Not Applicable
Not Applieable
Not Applicable

htry ignite if heated to 250 degrees F, indqudent of air.
Unconfined  ignited  carddges  can  produee  low  velocity
metallic frngilients which may cause eye injury or s`xpeffidal
sldn wounds if uaprotected by  standard fire+fighter tiimout
gear.

Water
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Speed Fire Fighting hstnictions:        Wear fi]ll firelfighier proteed:ve gear inchlding face rii:in or~..,  I,;.:.\i±`:.,qu{;-.3;`-
SCBA.  Use wide fine panrm aeale to stag any low velocity
fragmmts.   Use water to cool ndinary confoustoles below
ignifron temperate.

sECTroN #5A - Expost]RE & EFREcls - INHALArm-

RouTE OF FrmstmE & mREcrs - INHAIATroN

Acute:               Inhalation of gases and particulates produced while firing ammunition may result in
mild throat, eye, imer leapineory and lung irritation.  The iritant effects may lead
to lung rylnptoms such as bronchitis.  An over exposue to gases or partioulates may
also  cause:  anemia;  nervous  system  symptoms  which  Inay  include  irritabhity,
headache, restlessness, fatigue, muscle wea]mess, muscle tremor, convuhious, loss
of memory,  visual and heaing distrbances,  loss of ccordination;  gasfrointestinal
effects such as vohithg, cdic, diachca or constipation; circulatory ayqiptoms such
as a dlap in blood pressure; xpmductive effects including findlity. problems, biTh
defects, miscariges and possible kidney damage.

Chronic: Ptolonged  xpeated  over exposure  to  fired  cartidge gases  and particulates  may
result  in  devated  blood  lead  levcts  and  devated  zinc  pro¢apophyrfu  levds.
Symptoms of chronic ovelaposure to lead may include: anelnia; lead ties on the
gums;   nervous   system   symptoms   which   may   indrde   irrifabhity,   headache,
Iestlessness, fatigue, muscle wealmess (I.e. wrist drop), muscle trmor, convulfrons,
loss    of   memory,    visual   and    hearing    distlLrbances,    loss    of   coordination;
gastroinestinal effeets such as weight loss, vomiting, cdic, diarrhea, constipation;
cirouhatory  symptoms  such  as  a  drop  in  blood  pressure;   reproductive  effects
including ferility problems, bith dofeets, miscarriages and possible kidney damage.

If acute or chronic sylxptoms should appear,  contact a physician.   Blood lead and
rinc pro8apophr]m levels are recommended and should be monitored as per OSIIA
1910.1025-

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

SEcmN #58 - ExpoSuRE & mTEcrs - SKIN

ROUTES OF EXPOSURE & EFRECIS - SKIN

Acute:              Eemental and inorganic lead compounds ae not absofoed througiv the skin.  Cthin
organic lead compounds, however, can be alsched throngh the skin.

Chronic: Eememal and inonganie lead compounds ae not absofoed through the skin.  Certain
organic lead compounds, however, can be al]solbed through the skin.

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

4
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sEonoN #5c - ExrostmE & EFEcrs - EyEs

RI}uTEs oF FrmstnE & rmEcus - ErES

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

Chronic:          None xpoded

Fird Aid:        Remove person to fresh air.  If forign body is suspected, wh eyes in fesh vvater
for 15 minutes, contact physician.

sEc'IroN #so - ExpOsuRE & EFFEcls - INGusTION

ROum OF ExrosuRE & EmEcls - INGEs'IroN

Acute:              Acute ingestion of lead may occur from poor personal hySene associated with the
handling of led bearing matedals.  The effects of lead ingedon would be similar to
those listed under acute inhalaton in addition to gastrointestinal iritafron.

Chronic: Chronic ingestion of lead may cocur from poor personal hySene associated with the
handling of lead bearing materials.  The effects of lead ingestion would be similar to
those listed under chronic inhalafron.

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

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

SEC'noN #5E - Einost]RE & EFRECIS - CARCINOGENEsrs DATA

N.T. P.             No

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

OSRA :             No

sEclroN #5F - ErmsuRE & REREc'rs - c  MMENrs

liead and barium ae toric metals, which inay be released during the firing of modem ammunition.
es should be taken in the cleaning of range fari]ifes to minimize the apsure potential to led
and barfun.  Persons engaged in these aedvities should wear procetive clothing with an apprapriate
leapintor.   Eange qperators should cousut OSHA 1910.1025 for details pertaining to the handling
Of lead in the work environment.

Sevce  lead  intorication  has  been associated  in  the past  with  stedlity,  aborion,  and  stillbirth.
Modern infondon confining that,lead poisoning affects birth rates or causes injury to the fea]s
in man is not conclusive.
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SECTION #sG - AGGRAVATroN oF mE+ExlsING REAI;IH coNDmoNs

AGGRAVATroN To mE+©TING Hal;iH cONDI'noNs

Expsure to ]cad can aggravate preexisting  anemia,  cardiovascu]ar and reapintory diseases and
conditions related to the gastrointesthal, rquductive, renal Qidney), and central nervous systems.

Reference:       hdustrial Tbxicology, Safctv and Health Applications in the workplace:
Wimamsre.

SEC'IroN # -REACTTvrr¥ &        ¥MERIZATION

Stabhity,

Conditions to Avoid:

Incompatle Matds :

±dous frompchtion
hfrorials:

Polymerization:

Stable under nomal use conditions

hdividL]al  carhidges  lnay  ignite  if the primer  is  struck or  if the
cartidge is exposed to excess heat

Oils, acids, Alkalies, Ammcha, and other conosive materials

Oxides   of  Barium,   Iiead,   Antimony,   Aluminum,   hfagnesium,
Nitrngen,  Cafoon, and Sulfur.   I.Cad and Andmony fume may also
be produced.

Win not occur

sEclTON „ - spur, LEAKs & DrsrosAL pROcEDUREs

sTEps ro BE TAKEN - SPHI.s:

Avoid conditions detailed in Section #.  If container should rupture, place all lcose cartidges from
brolm shipping cases into a sturdy container.  Secure container carefully.

Waste Disposal Mthods:         Contact hfonufactuer -Product service (612) 323-3706
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SECHON # - SRECIAL moTEcllvE EQurm4ENT

Ventilation:                  Use  in  a  wdi-ventilated  area.    Consult  the  currmt  addition  of ACGH
Industrial Ventilation hdrnual and/or NRA ventilation recommendations.

Protective Equipment:

Eyes:                              Recommend protective eyewear conforming to ANSI Z-87

Gloves :                          Not generally required

Reapintors:                   Use an approved reapirator while clearing rmge facilities.   Consult OSIIA
1910.1025 for exact requirements.

ifearing Ftotection:      Hearing protection recommended while discharSng cartridges

SECTION " - SPECIAL FRECAUT]ONS - STORAGE & HANDLING

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

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

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

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

Although reasonable care has been taken in the prapalation of this dceument,  Federal Cartridge
Company extends no wamnties and makes no lapresentation as to the accuracy or completeness of
the infomation contained  herein  and  assumes  no  reaponsibhity  ngarding  the suitability  of this
information for the user's intended purpose or the consequences of its use.   Each individual should
make a determination as to the suitability of the informafron for their particular pupose.

**   TOTf]L   Pf]GE.©©7   **
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RemLrigton Arms •±!:±!€±_a!_ _Saf ety  I)era Sf.eel

This thtcrial Safety Data Sheet has been prepered in compliance with Federal OSHA rind
Communicabon Standard 29 CFR 1910.1200. ALN.SI ZJ00.I-1993 and the lso Satfty Data Sheet
Standard  This product lnay be cousidefed to be a hazardous cherfucal under 29 CFR 1910.1200.  This
inforlnation is required to be disclosed ror safety. in the workplace.   7*fr .tl£Z}S is qpp/habLe arty to qlc
prodra .identiifed herein and or.ly wher\ used property.

NOTE:  Refer to SeetioB Xvn for fiFr a/Ac7.onym

Product:
Trade Nape:

cAs  kegivry NOL:
GAS Na]IIe:
FotThula:
Molecular Weight:
Grade:

Cartridges. Sndl Aus
cENTERFmE RIFLE, plsTOL & REvoLVER

LOADED ROUND
N/A
N/A
N/A
N/A
N/A

Emu ErfuE
Health:                2I-ilfty:  0
Reactivity:           I

None

This list includes. but is not lilnited to, those hazardous fnatcrials whicli comprise
grcatcr than 1°/® (0.1% if carcinogcnjc) of the total coTnponent weight per 29 CFR
1910.1200.

A CenteTfire Rifle. Pistol and Re`'olver Loaded Round is comprised of the following four (4) components.
The hazardous chemicals contained in each are listed.

1.     Projceti]e                  Lead. Copper. Zinc. Antimony
2.     Brass shellcasc      Copper. Zinc, Nickel
3.     Prof)ellaLI]t                 Nitrocellulose, Nitroglycerin. Dibutyl ph(halate, GTaphi(e
1.     PriDcr                       Coppcr` Zinc. Lead. Antimony. Bariurn. Lead styphrmte. Tetrazene

Issued:  April, 1995 Page I of 7
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RemLngton Arres ly|oteria] `Sofety Data Shect

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

LISTOFHAZABPotJSCHEMICA_L_S_
( (n Alphabetical Order)

.|YT"ONY
7JJO-360

EEposurc Standa[.ds:
PEL (OSHA) ....................... TWA 0.5 mg/m3
TLV (ACGnl) .................... TWA 0.5 mg/m'

___=_ -.-...--.-.- :-=______ ------------- == --------      =--== -.--------- ===== -... _                ____====_.=--__

GAS or ChcDical Name:
CALS Registry Nunbcr.
Elposure Standardg:

PEI. (Osm) -...-......
nv (ACGxp ..........

CAS or Chemical Nanc;
CAS Registry NUDbeti
Elposore Sta[idards:

PEL (OSEIA) .............

TLv tACGrm ..........

BAB"
74JO-39-3

:::::::::#!8:::#
I_:__ ---------. '==           ----  ====     -_     ____=___

COPPER
74JO-50-8

•...... TWA (fume) 0. I  mg/m3

.......#£(die)%.:)mt;°milrm'
rvA (dusi rfust) I.0 mg/m]

C.as a r chemical Name:           DIBUTYL PHTHAIATE
CAS Rectstry Nutnt.er:               8+-74-2
Elposore Standards:

LELvtt&Sc#Eh.:::::::::::.::::::::#£§:%::

C^S or chemical Nanc:            GRAPHITE
CAS Registry Number:              74+0440
Exposure S.andard]:

.... OratLiral Graphite) ChansitioDal: TWA 50 mppco TWA 2.5 in_g/m]PEL (OSRA) ...
(Synthetic Graphite) Ofansitional: TWA Total Dust:  15 mg/m] ;

rvReAap+#efrast?]°on##±)apinbieFraction:5mfym'
.... ~_H:.¥..|ACGH) .................... rvA 2 mg/.T£3..(I?.a?irable dust)                        _

CAS or chemical Nape:            LEAD
CAS Registry Number:                7+39.92.I
Exposure Standards:

PEL (Osm) ......,
TLV (ACGnD ....

-----      =  -------------------.-JJ                          --..-.   _____       .                                       -           -=_______I_=________      .                                           .          ==   -----------------------                           ____=

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

None established.Exposure s(andards:                                                                  .

::::::.::::#i8.?::#:
BEI 50fr in blood,  L50/g creatinine in `irine

[ssucd:   April.199S Page 2 of 7
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Remirl®gtonArrra

REHINGTON   ARMS

Material Srfeoi Data Sl.Jest

C.`S or ChefnicaJ .`.:Lmc:
CAS Registry Number:
E =posuT€ Standards:

.YICREL
7JJOJ)2J)

PEL (OSHA) ....................... TWA Soluble Compounds:  0. I  mg/m`

TLV(ACGnD................#£[fo:°iu3'i,Compoundsl.omgrm]
(Proposed: TWA 0.05 mg/m] ; hulnan carcinogen)

.:i=     I...=...I--== .-....     ____I___            .............  I                --------------- i -------------------------------------                           :      ________

Trade Nanc:
CAS or Chemical Nape:
CAS Registry Number:
Exposure Standards:

NITROCELLULOSE
CELLUL os E TETRANrrRATE
9004-700
None Established

CAS or Chemical Nape:
CAS kegistry NunbcR

NITROGLYCERIN
55<30

Expasore Standards :
PEL (OSHA) .,.,................... Transitional: TWA CL 0.2 ppm (sldn)

SThL 0. I mg/m3 (shh)
TLV (ACGHI) .................... TWA 0.05 ppm (skin)

GAS or Chemical Name:
CAS Registry Ntlmber.
Exposu rc Standards:

TETFLAZENE
109-27-3
None established.

CAS or Chemical Name:
CAS Re¢stry Number:
Elposure Standards:

ZINC
74JO`6ii
None established.

Emergency overview:                   Accidental fire or explosion may cause sc`rcre injury or death.

PotetLtial Human Health Effects:
Skin Contact:

E`.e Contact:

Inhalahon:

Ingestion/Absorption:

May cause allergic reaction (scnsitization) in suscepul)le individuals.

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

IJthalation of lead dust or fumes may cau§c irritation to nose, throat.
upper respiratory tract and lungs.  Irritation may lead to broDchitis`
headache, lowering of blood pressure and weakness.

Ingestion may cause severe headache. musea, vomiting. abdolninal
pairL fatigue, diarrhea. trembling, ringing in ear and salivation.

Carcinogenicit}. hfofDation:      Ths product is not classified a carcinogen by tARC, OSHA, NIT or
EPA.  Lead is classified a carcinogen by IARC.

Issued:  April, igg5 Page 3 of 7
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Remingtor\ ATrns

REHINGTON   ARMS

+(aterigl Sofet]i D_ata Sheet

Iv. FusT Am REA±is--~'

Skin Coatact:

Eye Contact:

hhalation:

Wash affected area LhoTOL]ghJ}- with soap and w'a[er.   RclL`o`.c contamim(ed
clothing.   Wash clo(hung thoroughly prior to reLise.   Discard any contamim(ed
leather items (i.e. shoes. ctc.).

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

Immediately remove to fresh air.  Adlulnister artificial respiration. if necessary.
If breathing is difficult. administer oxygen.  Otitain medical attention
i[rmediatcly.

hgcstion/Al)sorptioD:      If couscious` drink large amoLints of wa(er.  Induce vomiting.  Imediately
contact a physician or Poison Control Center.  Jvevcr induce vomiting or give
anything by mouth to an unconscious person.

mannab[e Properties:

Eringuishing Media:

Refer to fEL4S fiaring.  May ignite if heated to 250°F.  Will ignite when
e.`cposed to flame and high temperatures.  Be cautious of shrapnel.

Flood  fire with water (o fight fire and cool shells.  If ne water is available,
tise carbon dioxide, dry chemical or earth.

Fire-Fighting lDst"ctioDs:     Evacuate arca immedia(ely.  Deluge area with water.  Wear filll fire-
fighting protective gear including face shield or SCBA to protect from
shrapnel.

Safeguards:

Spill C]eanup:

AccideELtal REcase:

Relnove from all sot]rccs of ignition.

Use nonsparking equipment to clean up apin.  If disposal is necessaly. refer
toxII1. DISPOSAL CONSIDERATIONS.     .

See above.

Personnel Handling:

Storage=

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

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

Issued:   April,  199S Page 4 of 7
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Remington Arms

REMINGTON   ARMS

ty!_aleriat Saf ety Data Shect

yH; ;RERsONAI; RE¢rEaHo

Engil)ecling controls:                     N/A

Pcrsotial Protecti`.e Equipment:   .  Safety glasses rccormended when handling or firing rounds.
I  Hearing protection recommended when firing rounds.
•  Use of NIOSH/MSHA-approved respirator required when e}qused

to fumes aLnd/or dust in an enclosed or poorly-ventlated area.

Exposure Guidelines:

Elposure Limits:

I  Keep prodrct away from sources of accidental ignition.

•  Exposure limits nsted with cash hazardous chemical.

PFTSICAL DATA
Appearance: Projectile: eylindrical: graprish. silvery color

Case:  cylindrical; tironze color

Fom:
Color:
Odor.
Boiling Point:
Speciric Gravity:
Vaf]or I}eusity:

Solid
Vatable
None
N/A
N/A
N/A

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

Chemical stabilfty:           Stable under normal use conditions.  Will not rcact with water.

Other Hazards:
Incompatil)ility:         Incompatible with acids, strong oxidizers and caustics.
Po[ymcrizatioD:          Will no( occur.

Conditions to Avoid:        Flames, apads, percussion. shock, static, high tempcrat`ires (266°F or l30°C)

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

Aquatic-Toricity:
Lead a.C 50) to Bluegill:   2-5 mgn
Barium to Stickleback:   +00 mgn
Barium Nitra(e to Stickleback:   760 mg/1

Environmental Impact:

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

Issued:  April, i99s Page S or 7
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Rendngton Ares

REHINGTON   ARMS

Maleid Stl_if_trypqtosf\eet

Ths product is cousidend a characteristic hazardous trastc per +0 CFR 261.24/„ apJia/pqxpoires
on/y.  Dispose of as required dy focal, state and federal laws and rcguJatious.

EPA Hazardous Waste Code:  D008 (Iced)

smpING INFORMAnoN
Proper Shippilig Nape:
E[azul aass:
UNINA No:
Pachig Group:
Shipping Lal]el:
Special IBformaition:

Carhidges. Sdrall Arms
ORM-D
N/A
N/A
None reqtrired.
May bc fcclassified intertLatioDally as:

Hazard class:         I.4S
UNINA No. :           UN0012
PadigGroup:    n
Shipping habcl:      I.4S label

u.s. FEDERAL REGUIAnoNs
TSCA hventory Status:  hcluded on list.

HAZARD cl.AssmcATION
Chronic Health:
Acute Health:
Fire Hazard:
Pressure Hacard:
Reactivity Hazard:

Headache. natrsea, wealmess
ALncnria, elnbryotoxin.
0 froI HMS Rating)
Sudden relcasc of pressure.
\ ctl HMIS Rating)

NFPA Rating:    Not established.

NICA-E[MIS Ratings:
Health :                 2
Flanmabi]ity:     0
Reactivity :            I

Referetices:
Code Of Federal Regulations, .\lonlhl.v Summary. CFR. \9\0. \200(8) aind A.ppendix E a.).

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

Hazardous Chemical Desk Roference:   Third Edition, Richasd I. Lewis` S\.. Van N®sllzrmdF®ctwh,old.
Copyright  1993.

.Imerican .+ational Standards [nstitute` Z+00l-\99`.

In[ernalional S[andards Organi=alion Safety Data Sheet Slandard.

Issued:   April, 1995 Page 6 of 7
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Material Sofgty Data Shoe.
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ACGH            A[nerican conference of Gavertunental Industrial ftygicnists
AHA WEEL American lndListhal liyaeni5ts Association-Wo[kplaee Erfuormental Expsure I+evel
ANSI                American National standard lnstimtc
BEE.                 Biological Expos`irc hdexes
GAS                  Chemical Abstract service
CFR                 Code of Federal Rcgulatious
CL                     Ceiling Limits (not to bc exceeded)
DSL                 Domestic substances I.ist
IPA                 Environmental protection Ageney
RES              mzardous Materials Identification systezn
IARC              htemational Ageney for Research on cancer
IATA              htemational Air Transport Association
ICAO              htemational civil Aviation organization
IS0                 IDtemationd standards chganization
hffl'I              Mnistry of htemational Trade and lnchistry (Japan)
hasEIA            Mne safety and Health Appliance
NFPA              National Fire protection Association
NIOSH           Natiord Institute for occupational safety and ltealth
NTA                 National Transpor(ation Ageney (Canada)
NIP                 National Toxicology program
OSHA             Occapational safety and Hedth Adrinistration
ORM              Other Regulated Mterials
PEL                 Permissible Exposue Limit (OSHA)
S CBA              Selfeontained B reathing Apparatus
S'I'EL               Short-Term Expos`lre LiJnit
TLV                Threshold Linit values (ACGIID
TSCA              TOxic substances control Act
TWA               Time weighted Average
UNINA            United Nations/North American adentification number)

For addjtiotial information, please contact:

RemingtoD Ams Com|)any, hc.
Co nstimer lnformatiot)
Wilmingtob, DE 1980§

(800) 243-9700

The information contained in this .Waaerid/ SdyTety Daa] Sheer is provided to all individuals who arc or will bc
exposed to this product through use, handling, storage or transport  Rcaington believes, yct makes no unrranty. that
all  infoTndon contained in this doniment is cument as of the date Of publication.

Issued:   April.  1995 Page 7 Of 7
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aENEFtAL MOTOF=s cOFtpoF`AT]ON
MATERIAL SAFETY` DATA SHEET

r .I.,' I

SECTION 11 - lNGflEDIENTS
(ll,i ®'1 'ng,®dl®nts)

C^S   B€CISTf]Y  NC}` xW hv CHEWcO NAW€(S)

- _-|H!"ffl`diis:A,!#'?';

7664939 37 Sulfurlc   ^¢ld NA_

773218S 8&1 .    Water NA_

7439921 90 -.
W^_

£¢parato,.,                        _      -     ---
Dal.amt¢

_,,

-_        _-++,--_

¢aso_  And   £overi       Po_1_ypro.Dvlet`e   [Pla£[lr.`

§ECTION Ill - PHYSICAL DATA
i-OiilH¢io`^_t2rfu.I   .I,-S

--.`.-.-- Av aaia   1.280   I   .01

yfE-,3EssuRI¢  drrii3fr D th HRCENT votl.tiq .y vole-M€ mi
t]^ grEigHTTt£9uO,y ..

va-PORO-tNslTyiAiR.ii
NA

rvl+oRATiaw MTt I  --        . ii
\.

soll.B`l..n'NMT9ACT!g|e      -         T- ".{ 1.a
A`'Ja€cA#hs€u|HLpte°e!qutd  (acid  content)                     -__    _   _     _   [`SMffi.|Amuau'°     #¥E _

SECTION IV - FIRE AND EXPLOSION llAZARD DATA
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5=1 I fu" v.HEAL I H IA«F]P DATA
-..    -.    i     .I     ..      '           .   .   ..       .`     .I.       '      I.I__difsf."j_t_lobofbodytlg6u._(Iu").                    '.

EHHifl. -  - `  I `-  .     - -,.
.dJ_'T-Ilf

OTH«qurT   [=]    -                    -"     L]r+a  ^£i
I

?AIMAAY  ROU

GErty

S Of !Nfit   Inn.I.`ian ]I-- StiR contm I;

AHofiAST^io I.QC(Ouu!    Do   not

t C a rl t 1

eloA

exceed b=/tB)   TTIA,

lNCESTIol{I      DO   Not   lnduc®   vowllln8.

a,moyti   to   I Ian  ,|r.     Cat

01v.  Bilk  qlx.d  V1¢h  e8t

SECTION vl,flEActrviTy DATA

ETA::I,tt

uNST^8|_I
|  CO-HFTTtoNs t-O^VOIO      -

StA||' xT__-tNcoNPAT14`-Lltt `m.I.Tl.I. le-.'b-{d)  jxtdL2.ng   or    reductTiR   mdteriaL9

iiAZAAOOu    OECOMPOSITIOWRe°r_¢TS:__Then   heated,   cAn   emlE   hlchlv   taxlc   £_unm

HAZAI00us           T   MAYO¢Cufl       I ¢oNDmoNs To ^voio-_-

pr`i vu[fliz,iTiow   [WllL WO'_ OC¢U.   L  xjx

for_|cld   or   lead   .crAt].

S€cTioNviii,spEciAimoTECTIT!gNtryFOBMATioN
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AN§LJL®     #UNLfiF€.#sT4T#9.¥"±

E-KAN ©01

MATEFllAL SAFETY  DATA  SHEET

FORAY
OulcK  IOENTIFIEl] (ln  Planl Comq,on

#ammue/:aclurer.S    ANSuL FIPIE PPIOTECT'°N                                                                         E#:#?No,:     (C#)M4EiE98oo
^ddrosE:                One  stanton  §lreel,  Marinatt.,  W154143-2542                                              0lhar lnlormalron  015)  735-7411Call,:

preoa/co  E)y:        Salety  and  Health  Departrner`t                                                                                     Date  p.opEirad:      April  22,1994

SECTION  1  -  lDENTITY
CT°mmdT°#a#ema8ja{u§#o#;as7en        FOBAY  Dry chemical  EX[lnguishlng  Agent                    CAS No.:          N/A

ChBmical                   N/A  This  is  a  Mjxluro                                                                                                      Chomisal           Mixture
N ame:                                                                                                                                                                                                      Fa mily:

Fo/in u la:                     N/A

SECTION  2 -  INGFIEDIENTS
PAFtT  A  -  tlAZAAD0uS  INGF)Et}lENTS

Principal  Haterdaua  Comi]t]nonl(s)  (crl®mical  and  common  rlame(9)): W'.% C^§  No.                     ^CGIH  TLV              Acui®  Tolici`y  Data

Magriesium Aluminum  Silicat.  |Attapulgito  Clay) 5.7 8031-19-3             10  inI/M3           N DA

PART B - O"EFI  INGREDIENT6
Olh®/  Oomponan«=) (chemical and  cammon  name(s»: VV'.  % GAS  No, A¢u`e  tol`cily Oat8

I]roprietary  Mixtures  at:MonoammoniumPho§pliE]te 6542 7722-76.1
97'8b(::t,)k:D50

Ammonium  Sulfate 1 2-22 7783-20.2
gorgb(:aj)k:D50

Calciuiti Carfunate <2 1317-65-3             10  ing/M€            NDA

Mathyl  Hydrogen  Poly§ilorane <1 63148-S7-2 NDA

Yellow  Pigment <.05 5468.7S-7 NDA

SECTION  3  -  PHYSICAL  AND  CHEMICAL  CHAF)ACTEF]I§T[CS  (Flre  end  Explos[on  l]ata)

i:i#?:9
N/A

§Pru°;i`#C(H2o.,):       N/A                  ymagorH;)r:Besure      N/A

Po,cBl|'  Vola'il,DyValui7ie(%): N/A
yA:Ipa.rp;:nEily                N/A Fvapo-r=:i,:n  plato          N/A

?no,vRE',®nyn.
slight aefrr!:'''y `n                 Unreactive

#8eoadraonr.C. YBIIow colored  powder,  no characteristic odor

Flaeh  Paini: None Flamlt`acle  Limits          N/A E xli r`g ulJhei                      N /A                      Au lo-Ion i Lion              N/A
In  Air  %  by Volume: M ®d i a:                                                                 TemperBJuro:

;Pg°#F+'kdv,es:   NONE
-  THIS  IS AN  EXTINGUISHING  AGENT

uousual  Fire andEJploiionHazards: Nor\O

SECTION  4  -  PHY§lcAL HAZAI]DS
a                                  Condi`ious     N/A

Stable    a                                  io ^vold:
S tabi li ty[                                U nftab le

!#£T,.#,!b,lt!'ivo,a):            Strong  alkalis,  Mg,  oxidizgrs thal can  release chlorine  per  NFPA 43A
I Hazardous                          NH.3 and/or pot may bMvolvin

Dacompesilil)n  Praduct3:

Boffi:::idem               wh,MNao¥ #::  3                :°£3:ti2rs    NJA
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SECTION  5 - HEALTH  HAZAflDS

E-KAN ra02

FORAY (Continued)

SECTION 6 - EMEFiGENcv AND  Fm§T AiD  pF]OcEDLiREs
Eye coi`i®¢l:                     Flush  with  large  amounlG  of water;  il irritation  persists,  seek  Medical  attenlion.

Sl{in Conlact:                     Wash  wilh  soap  and  wBler;  it  irritation  persisL§,  Soak  MedicDl  attention.

lnl`®lation:                          Pamava vict;in  lo  tresti  air.  Seek  Medical  attention  it discomfort conlinues.

lngo3tlon!                           lf pa`ienl i§  conscious,  give  large  amounts  of water  iind  Induce vomiling.  Seek  Medlcal  help.

SECTION  7 - SPECIAL  PFIOTECTION  INFOFIMATION
fleEpiraiory Prolocu.on     Dust  mask wharB  duE!tinese  i6  provalenl.  ol TLV oxcaadt]d.  Mechanical  Iilter  respirELtor il  exposure  is
(Sprily Type):                  prolonged.

Vanlil4Lion:
!##ust    Discretionary                                   (MGeacnhe#i;:al      B®Cammended

P,olcai,aGlonB: N/A                                                                     :#`e¢,k,n:       :xepcoo§mure?ndad a3 mechanical  barrier for prolonged

Olher ProtceliveClothingorEquipmenl: lt  irritalion  occiirs,  long  Sleeves  and  impervious  glov®s  should  bo worn.

SECTION  8 - SPECIAL PRECAUTIONS  AND  SPILL/LEAl( PFlocEI)URES

i:''H¢aanu5!,?nng3£db:,:arak#:            Should  be  stored in  Original  container or Ansul  fire oxtingijisher.

?r`:#uik]n5:                                   Do  not  mix  agents.

&`:£SriL° i:#rek#n£¥;«,ed:  Sweep up.

#eBthgtD!Epasal                            Dispose  of in  compliance with  local, state,  and todoral  regulations.

HAZAf}DOuS  MATERIAL  IDENTIFICATION  SYSTEM  PIATINGS
HAZAFID  INE)EX:
4   Sovl]ro  Hazard -i HEJ\LTH
3   Seliaul]  Ha2prd2ModerEL[eHaza/d

+ FIAMVABILITY
1   §ll9m Hazeid i F`EACTIVITY
a   Minimal  rlaz8.a

N/A  -Not Applicable              NDA  =  No  Data Available

^N£LJL .nd Fen^Y I/a reeioniad tred417i]rkl,

ANsiL FiRE pcoTec")N. unNETTE, w 541 43Ie542           71 5-73s-74I. 1 Form No. F.Bsaen4       ®i991 Wo.meio u,a., lft.           un ln u.8J|
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DEEFtE  a  COMPANY
John Deere Road, Molin®, IL el 266
1 -BOO-822-8262

Material Safety Data Sheet

JOIN  DRERE  PROI)UCT  NARE:    By-a-rd I=.bnl..ion  ut tlydr.ullc  Oil

mTA  SHRET  No:   85o3-4o,loo
IIATEST   REVISION  DATE:   15   Feb.   1989
DEERE   CODES       Y3,    Y38,    XN,    Y4
•I]M  pAFtr  »o:   T¥6237,   T¥6238,T¥6278,

T¥6354,   jm69444,   AR69445,
TY22028,   TY22062,   TY22077,
TY22078,   TY22079,   TY22080,
TY22092

--------------------------  8|encpr I  - moDt]c# IDREITIclllon -------------------------

CH"ICAL  IIAIG  AND  SYNONYMS:     Lubrlcatlng  Oil;   Hydraulic  rluld;   J20C
CH"ICAL  FAMII.Y:     Hydrocarbon                                           roRMtJIA:     Coxplex

--------------------------. =excw II  - mzARDOu. "aERplpr&  -------------------------

:g:vTenD:E¥:fined,
hydrotreated,  heavy
paraffinic distillate

Solvent  refined,
hydrotreated,  middle
distillate

Severely  hydrotreated
light naphthenlc  distillate

Polyl[Lerlc  additive  in  oil
(polymethacrylate)

Additive  containing  zinc
dialkyl  dithiophosphate

*for  oil  mlgte

pERCErm

BOII.ING   POINT:      N.A.
%  VOIATII.I  VOI.UME:      N.A.
`npoR  DENslTy:      N.]L.

|_LIT/PEL

50-60                     5  ng/m3.

0-25                       5  mg/m3+

0-25                     5  hg/n3*

10-15

5-6

None

None

V. P.                 9RE

64742547

64742467

64742536

None

Mixture

•=cplor III  - in.Ic^L n^;=L -----------------------------
SP.   GRAVITY   (VATERsl):      0.89
E`npoRAIION  funTE:     N.A.
SOIIUBII.ITY  IN  WATER:      Insoluble

APPEZIRENCE/ODOR:     dark  amber/slight  odor                N.A.   -  not  available

----------------------  a&cglow rv - TIRE  I mloslor mzAz`D DA=L ----------------------

FIASH   polNT:      39o°   F     c.o.c.                                                FIAiomBI,E  I,IMIT  -  I.EL:     N.A.
EXTINGUISHING  REDIA:     Water  fog,   foam,   dry  chemical,   c.rbon  dioxide,   or  halogenated
agents .
SPECIAI.  FIRE  FIGHTING  PROCEt)URES:     Do  not  uBe  .  direct  .Cream  of  water.     Product  will
float  and  can  be  reignlted  on  .urface  of  Water.    Cool  fire  exposed  containers  with
Water.    Use  NIOSH  approved  .elf-contained  breathing  apparatus.
UNUSUAL  FIRE   f   exprosION  HAZARDS:      None
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ca DEEFtE  a  COMPANY Material Safety Data Sheet

DATA  SHEET   NO:       8503-40,loo
Page  2

---------------------------  8=cflcAV v -  tDAI," mzAE`D D^=^ ----------------------------

EXPOSURE  I,IMIT:     See  Section  11  -Hazardous   Ingredients
EFFECTS  OF  0VEREXPOSURE:     Exposure  to  vaporl  or  mlst8  of  thi.  product  lray  cause  rfuld
upper  respiratory  tract  lrl:1t.tlon.     Prolonged  or  repeated  contact  may  cause  various
skin  disorders  such  as  dermatitl.,  oil  acme,  or  folliculitis.    Eye  contact  is  rinirmlly
irritating.    Effects  of  ingestion  are  expected  to  be  relatively  non-toxic.  Exposure  to
product  may  aggravate  preexi.ting  .kin  and  respiratory  conditlon!.
RERGENCY  &  FIRST  AID:     E]z±±  -flush  with  water  15  minutes.     Skin  -remove  contaminated
clothing;  wash  skin  with  Soap  and  water;  1f  mterlal  19  1njecE=a-under  the  slcln,  do  not
wait  for  .ymptorne  to  develop  -  get  medical  attention  proxptly  to  prevent  serious
dazliage.     Inhalation  -  remove  victim to  fre&h  air  and  provide  oxygen  lf  breathing  is
difficult.     Inqestlon  -  do  NOT  induce  vordting.     In  all  cases  seek  medical  attention.

S&cTlcAV vl  -  n=A,CTIVIH  nln
STABII.ITY i      Stable
INCOMPATIBILITY:     Avoid  open  flame,   and  oxidlzlng  traterlale
HAZARDOUS   POI,YMERIZATION:     Will  not  occur
DECOMPOSITION.  PRODUCTS:     Dependent  on  combustion  conditions.     A  complex  mixture  of
airborne  Solid,  liquid,  and  ga.  will  evolve  when  thl.  material  undergoes  pyrolysis  or
combustion.     Oxlde3  of  carbon,   .ulfur,  phosphorou3,   and  other  unldentified  organic  com-
pounds  may  be  fomed.
------------------------  8&cglou vll  -  &pIldi cm lzAx pRocDtm=  ------------------------

STEPS   TO   BE  TAKEN   IN  CASE  MATERIAli   IS   RELEASED  OR  SPILI.ED:   Dike   and   contain.   Use  vacuum
or  an  aibsorbent  such  as  clay  or  sand  to  pick  up.     Flush  area  with  water  to  remove  trace
residue.     NOTE:     This  product  13  cla&8ifled  a.  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  waters  or  any  watercourse  or  8ewer  leading  to  surface  waters,
must  be  reported  to  the  National  Response  Center  Coo-424-9802.
VASTE  DISPOSAL  RETHOD:   In  accord  with  federal,   state,   and  local  regulations

-------------------  8Ectlcor vlII  - moflctl`n lourndENg -rmTloN -------------------

VENTIIATION:     I.ocal  exhaust  to  keep  TI,V/PEL  below  acceptable  levels
RESPIRATOR:      NIOSH  approved  a3  needed                         EYE  WEAF`:      Recomended
GIIOVES:     Recormended  to  minlnize  .kin  contact    OTHER:

-~ ----------------------.---  8=cHCIN Ix  -  8ttcI^L pg`=cAmlcpr9  --------------------------

Minimize  skin  contact.     Wash  with  Soap  and  water  before  eating,   Smoking,   o[  using
toilet  facilitle&.     Launder  contaminated  clothing  before  reu3e.     Properly  dispose  of
contaminated  artlcl®8  including  .hoe.  that  cannot  be  cleaned.     Store  in  a  cool,  dry
place  with  adequate  ventil.tlon.     Keep  .w.y  from  open  flane8.     Keep  away  from  children.
-----------------------------  slcflcut I - t}AIL "BPAR^IIcpr ----------------------------

NRE:  T.  M.   Snyder,   CIH                                                     TITI.I:   Industrial  Hygienist

SIGNATURE:                                                                                             mTE:      January  29,1998------ 1~ ---- I, - I --------- ®~ ---------------,,----------------------------------------------- _
Tlte  lAfomatlon  corLtaln.a  A.I.1n  le  b.11.v.a  to  b.  -ccu].t..  Itovev.I,  no ve[r.tLty  1.  .xpr.3s.a  or  lJapll.a  I.g.rdlng  th.
accuracy  of  th.a.  data  oF  the  I.sult3  to  b.  obtain.a  trota  th.  u..  th.I:.of .    V.ndot  ..s`lnes  no  I.spofL|1blllty for  ltlJufy
to  vend®.  or  third  per3oAs  proxlaat.1y c.uJ.a  by  ¢h. -it.flal  1f  `...sorL.bl.  .at.ty pz.oc.du[.8  ar.  Aot  .dhered to  a.
3tlpul.C.a  ln  th.  a.t.  3h..t.    f`Lrth.[tror.,  v.nd.. .a.uf-.3  th. flak lA u3.  of th. I.t.fl.1.
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CITG0 P€tToleum Corporation
P. 0. Etox 3758

Tulsa, Okinhoma  74102

Material Safety Data Sheet
Tndc Nthe:           CrrGO No. 2 Fti€] Oils, AI] Grades          Date:  September 26,1997

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

Synonyms:               Fuel oil, No. 2                                                  Tcohnical contact                (918) 495-5933
Medical Emengeney:            (918) 4954700

CITG0 Index No.: 5388                                                                 CIEMTRE   Emergency:   {800) 424-9300

MATERIAL IIAZAnD EVALt7AThoN
(Per OSIIA Ilazard Commurlication Standard B9 CFR 1910.1200])

Health preeaqtious:     DANGERS Hamful or fatal ifs`mllowed; can enter the lllngs and cause
damage.  Contains Petroleiim Distil]aees.  ]f s`vello`ved, do not induce vomiting.
Call a physician immediately.  Keep out of roach Of children.

Saffty precaudons:       Combustible Liquid,  Keep away from heal flame and other potential ignition
SourceEL

HMIS Ratingl :                Hedth; i-                        Flammability:  2                            Rcactivitir:  Q

1.0 GENERlc cohmosrlroN ; cOMpONENTs

P . a I /©7

COIIIP®nents CAI No, % HAmrd I)&tl
pctrdewh Distillqes 68476.30-2 loo Oral LD5o (ut):                9.a mltg
(A complex mixture ofhydrocaTbons, DemalLD{nbbit):        >5gm^cg
having a `ds¢esity mng¢ of 32.6 SLJS Demal sensitizatiof`:      Nonscdiiti2ing
to 37.9 SUB at 37.7® C {100T).) Skin (rabt]jt}:                     Irrfuit

Eye (rabbit):                    Mild irfut
TcrBtogenesis (rat) :          N egative

2.0  PHYSICAL DATA
PHYstcAL IIAZARD CLASSIFICAmoN (Per 29 CFR 1910.1200)

Combustible Yes Flammdrle No Pyrophoric NO

compressed ds No Orgmic Peroxide No Erfuvity NO

Explosive No Oxid.Lzer No Stthle Yes

...J 'Hazud Rating:    IcajtJ}:    Sl.Lght-1;    moderate+2;    high.3:    exbeDe4.

•.         `~ ......                         '     ,..              l'`J      ......   i ,...,...
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2.0  PHYSICAL DATA (continued)
Boiling Point. 760 mm Hg, oC (oF):
Specific Gravity (0 ®F) (H20 a  I ):
Vapor D¢f`sity (Air = I ):
% Volatiles by Volume:
Melting Point, oC {oF):
Vapor Pressure, Inn Hg (2£ ®C):
Solubility in Water:
Evaporation RAte:(n-butyl acetate = I ):
pH of Undiluted Product:
Appca"c¢ and Odor:

Dyed,
Undyed:

816    746    5544    TO    17858645317                    P.@2/@7

4

160 -360 (]20 -680)
0.84
>1

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

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

3.0  FinE AND ExPLosloN DATA
Flash Poif)t, CK=, .C (oF):
Flash Point. CC, ®C (aF}:

SFp°ign#?nngz:mperfure,oc(oF):
Flammable Linits |% by volume in air):
Eriingui§hing Media:
Special Fire Fighting Procedure:

UrtLlsoa] Fire or Explosion Hazard:

4.0  REACTIVITY DATA
Stability:
Conditions Contributing to lristabi ]ity:
lf]compfLtibility:
Hazardous Decomposition Products:
(th€rtnal, unless otherwise apealfied)
Hazndous Po lymerizaton:

ND
52 -85 (125 -185)
254 - 285 (489 - 545)
Health:  Q           Flammability:  2             Rcactivity:  g
I.ower.  Q£       Upper:  Zj2
C02, dry chemical, foaln, VAter fog
Wear self+cobtalned breathing apparatus wlien in a
conf[ned area.  StTuctuml firefighter's pToteetive

#*P#ro:v#in:yp#¥*e##*npE:'#:T;MSDs
may release iTTitating fumes.

Stchle`
Heat, flare.
Cutdizing agents.
Carbon dioride (C02), smoke, fumes, hydreeahoons.
carbon monoxide (CO) and oxides of nitrogen.
Hazardous polymerization is not expected to occur.

5-0  SPILL, LEAK AIND DISPOSAL PROCEDURES
Proedqt`e if Material is Spille'd:
I     Remove sources of heat or ignition; provide ventilation; comain lealc.
I     Small spius:   Absorb released material with Tiofi-combustible absorbent.  Place into containers for

later dispo§al.  (See Waste Disposal section below.)

!#¥#EL#+RE#:chE#%in:E!L:iE##.toLNFp^guidalihin-i      -TTET-:`t:...¥e!2T6-#7..:..`

¥#vtSO:.:!i.F:igo`j..k`-^uG:i;..-t:;.fed:..#TF;,2ffi+is7:..cid.:538!,....
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5.0  SPILL, LEAK AND DISPOSAL PROCEDURES (continued)
I     14ange spills:   Evacuate area in the cv¢nt ofsignificant spills,  Adequately ventilate arcs and

d¢terminc potential ¢xpostJre conditions.  Exposure potential may require the use
r¢§pirutory protectiof`,  Use protective clothing.  Contal.n spill in oemporary dikes to
avoid product migfation and to assist in recovery,  Do not allow materjal to escape
into sewers, ground water, drainage ditches or Surface waters.

I     Control ignition sources around spill area.  Use of& fire fighting foam blanket on spilled matcria]
will reduce vapor release md fire pet¢ntial.

-     Administer first aid, as needed.
•     OSHA regul8tious may require establishing a regulated area with si(e confro[.
•     kepoft apills as required to appltiprialc federal, stBt¢ and local authorfuies.

Waste Dispoal:
•     lt is the responsibility ofthc user to determine if the material is a hazardous waste at the time of-

disposal.
•     TfansportzLtion, treatment, stonge and disposal of waste h8tefial must be conducted ip accordance

with RCRA regulations (see 40 CFR 260 through 40 CFR 271 ).
I     State and/or leea] regulatiolis may be more restrictive.
•     Contact the ncRA/Superfiind Hotline at (BOO) 424-9346 or your regional us EPA office for

guidance concerfiing case sp¢oiflc disposal issues.

Protcetive Measures Di]ripg Repair and Maibteiifii)c¢ of CoiitaDlnated Equtpm€nt:
•     Rof¢r to section 7.O -Special protoctiob lnfom8tion.
I     Keep urmece§sary persons from hazard arm

:3::I:vd#:g#q:j±moefnjLm=n#o¥a'#&Tisns°u:i=uth:a+¥#eesndproteedvec|othingifdiest
contact is anticipated,

•     PTovide vcnti]ation to mainutn exposLLre potential below applicable exposure levels.
•     Eliminate heat and ignition sources.
I     Remove contBDinated cloth.ing.
•     Wach exposed skin thorouchly wittt soap end water.

6.0  EEAIJTH HAZARD DATA
IIedth IIazard Classification Oer 29 CFR 1910.1200):

Hichly Toxic No Sensitizer No

Toxic No Raproducti ve Effects No

cOTrosive No Mutagen No

Irritant Yes Tnget Organ {Skin) Yes

carcinogen:
Product/CompotLent GAS No, Cone.(./,) RIP IJIRC OSH^ 0'hcr
No. 2 Fuel Oil 68476-30-2 loo No Group 3 No ND

Toricity Sun"ry: If s`ralloved, this ttlatcrial can enter the lungs and catlse seveTc danagc.
This material can caLise skin iITitndon.

NDLNo lhi . .
t[rdo'ri;:T2Fucloils,AliGrfe{AG2FO.sqrt'cmbei.26,igiv..cnd'5]s8)
NATNct rtyplicchle

piee 3 Of 7



i             MQY    27'991©:2©FR    CF}RTER    COMpf]NIES                  816    748    5544    TO     17858645]17

)

P . ©4/©7

6.0  HEALTH IIAZARD DATA (continued)
Major Route(a) or Elitry:          Inhalation ofmists or vapors.  Skin contact.

Actltc Exposure Symptoms :
Inhalation:        Inhalation ofmists or vapors above applicable workplace exposure levels cat` cause

t"n§iei7t ou]]horia. respintory tract initation, gastTointestiftal irfution, headache,
dizziness, or central nervous system depression.  Studies with laboratory animals suggest
that bronchacoftstTiction and respiratory impairment are associated with inhalation of
high concenLrations of fuel oil mists,

Dermal:

ftye:
Ingestion:

This material can cause skin irritation.
T7)is material carl cause transient eye irritation including stinging, tearing and 6wolling.
Symptoms of fuel oil ingestion call include burning of mouth and tipper gastrointestin3l
tnct, Stomach ¢raznps, coughing, droursiness, restlessness, irrinbi]ity, vom iting, diawhea
and unconsciousness.  In addition. breathing difficulty may develop,.  Coughing,
pne`imonia and prinful breathing can stiggest that the product he entded the lungs.
Ingestion of lange concentndons of product can cause convulsions, coma and death.

[njectioEL:          Injection under the skin, in muscle or into the blood stream can cause irritation.
inflammation, swelling, fever, and systemic effects, including pu]TnomJ). edema,
•pneumonia and mild c¢nml nefvous aystcm depression.  Injection of pressurized

hydrocardous can severe, pemanent tissue damage.

Chrotlic Exposure Symptoms:
The products represented by this MSDS contaiTi a tTti]chire of petroleum hydrocarbons commonly
referred to as "middle distilla(es,"  Laboratory data have associated some middle distillates with
skin caiicer when the material is applied [€peatedly over the lifetime of the .test anim.al.
Middle disti]]ates similar to tlie prodLicts represented dy this MSD§ have been associated with
liver and kidney damage in subchronic (90 dry) if`halatior` studies of male rats.  The relevance of
these fir]dings to liunan health is unclean
Prolonged or frequent contact can cause the skin to dry or crack.  Al,so, long term d¢tmal
exposLire can catise an inflammation of the skin marked by i'edness. pain or itehing (derTmtitis).

Other Special Efras:
None.

Medical CbDdlttou Aggnvated try F*posure:
Individuals with chDonic t`eapiTatory disordes. liver dysfimction or kidney disease can have these
conditions aggravated by elevated exposure to vapors, in ists or aerosols of this material.

First Aid aLld En¢rEet]cy Procedures ror A€ute Enects:
Inhalatlo`D:        Move victim to fresh &jr.  [fvictim is not breathing, immediately begin caydiopulmonary

rcsu§citation (CPR).  If breathing is difficult. loo percent humidified oxygen should be
adiT`inistered by a qualified individual,  Seek medical attention immediately.

Dermal!             Remove contaminated clothing.  Wash exposed skin with soap and wa,ter.  launder
clothing before use.  Sect medical aeontion if tissue appears damaged or if irritation
persists'

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

Erful iched ..: ....,....
:fi-#.TT£;F:Efd-i€-Iiio-?g;(.i,G2Fp-.;§#iS,ffij.¥;f#,?,.€.qu.5#§),.,,,:i..,i:`T:.`,.:.fij¥.,i-;f7;i'';`

-.---............ ::.I;Npf.ap-prfuNA-.Nothaiicpqts NFNot
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6.0  REALTH IIAZARD DATA (continued)
Ibgegtiotl:          Do not induce vomiting.  IfspontBJlcous vomiting is about to occur, place victim'§ head

below knees.  Never 8iv¢ anything I)y rTiouth to a person who is not fully conscious.
Seck medical 8ttontion immediately.

Iqjcetiob:          Injection under the skin, in muscle or into the blood stream is a medical emergency.
Seek medical attention immediately.

Notes to Physician:
Inhalatioti:       If cough or difrlcu(ty in breathing develops, cv&lunte for respiratory tmct irritation,

blunchids. or pnoumonitis.  Administer loo f]ercen( hurh irlified sLipplemental oxygen
with assisted venti lotion as required.  In rymptomatic pati¢t.ts (cougliing, choking,
tachypnea. efe.). monitor blood gases to assure ridequale ventilation.  If vital signs
become abnormal or aymptoms develop, obtain a chest x-ray.

Ingestiom          The viscosity at of this material is approximately 32 sos at looo F.  Accordingly, upon
+-ingestion, there is a high risk of pulmouery espirndon.  Aspiration can rt=sult in cliemical

pfieumonitis or lipoid pneumonia.  Renova] by careful gastric lavage with tight fitting,
cuffed €ndomchcal tut]e Tbay be considered.
Pulfnonap/ edema can be mamged with PEEP and 5upplcmenta] oxygen.  Antibiotics are
indicated only if bacterial superinfcaion ofthc lungs occurs.  Steroids have not been
sho\rm to be of benefit far hydroc&hoI] pncunonitis.

7.0  SPECIAL PROTECTION INFORMATION
VentilationR€quir€meBts:

Uceinti/6llvendrfederca.IncoDfinedapaisorwhcnhoLIhechanical`vcntilatiottin8ybe..
pequirod to maintain aiTbom¢ conc€ntmtious below apF]licable work I)lace expostne levels as
cvalunted by designated and properly tndned indiv;dngls.

Appncable Workylace Expoour¢ Lievels:

Cl]€m!cal ^CGIH ^CGIH Tl`V ^CGIH OSH^ 0§HA PE|, OSEL^
Comp®nel,I TLV"^ STBIJ Tl`V PEL"^ STEL, PEL

Ppn Ccllinz (a) SHH Ppm Ceiling (C) Skin
(m"') ppn (ng"l) not,ti®n? (utg") pl'm (ng".) notation?

PctTolun Distillates NE. NE NE NE NB NE

Specific P¢rsoBal Protective Eqi]ipDent:
Pe"RAl prcoeedve equipment chould be selected based upon the conditions under which this
material is used.  A hazard assessment of the wollc area for PPE requiftments should be conducted
by a quntified professional purmant to OSIIA re8ulctious.

Res|]iratory:     Only NIOSH or MSII^ approved equipment shotild be used.  Use of an organic vapor and
dust/mist fitter dllal caftidge respintor is tequioed when vapor and mist concefttrations
exceed the applicable workplace cxpostue levels,  Respimtory protection stioutd be
selected on the basis of the maximum expected air concentration.

.'')
I :   .",

Eyes:
D¢rmal:

Clothing,Or
Eqp]I,q€rty...

Use saffty goggles or chemical aplasli goggles if splashing is anticipated.
Use gloves constructed of impervious materials such as heavy nitrile rubber if freqLletit
or prolonged contact is expected.
Wear bodylcovering work clotltes to avoid prolonged or rapcated c]tpacor¢.  Rrfuovc
consapi.nase4. cl.giving and launder.,before mlse .......

N^INct App]icatll¢  -
cmoNO.2Fuc[Oiis,Ai]Gnd'&{AinF6,riLE`#RTfa;,t.IN:5388,

NE+Not
P&BC S of 7
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8.0  TRANSPORTATION AND SPECIAL PRECAtJTI0NS
Storage:             Do not use or store this product near heat, flame or other potentt.al ignition sources.  Do

not store with oxidiaers.  Do not store this product in un]abeled containers.  Keep
container closed,

Danger:             F]ammt.le or combustible Liquid.  Vapors are heavier than air and may travel to an
ignition soLirc¢ and flasl` back.  Use only in a well ventilated arcs.  Never siphon by
mouth.  Empty containers may contain product residues wlii¢h can ignite with explosive
force.  Consult appropriate federd, state and local authorities before reusing,
reconditioning, reclaim ing, reeycl ing or disposing af empty col)tainers and/or `Araste
residues a.f this product.

I]OT Inrormatlon:

PfopershippjngNane:
Lhad Class:
Hazard Identification No. :
Placard:

Fuel Oil, No2
3
UN  1202
F[anmablc liquid

g.0 ENvmoNMENTAL DATA
Tltle Ill of the st]          nd AtBetidm¢bts lEid Reautliorizafron Act of l986 rsARAI

Section 313 -Tdric Ch€Bicalsi
This prodtlct is not known contain any componef`ts in concentrations above de mtwinis levels that are
listed as tonic che(Iiica]s ill 40 CFR Part 372 pursuant to the r¢quir€fnents of Section 3 t3 of SARA.

Section 3) lA12 -Hazard Catrmries:
ThisprodLictmaym¢¢torLeormoltofthcchidriafortheh&zardcdtegoriesdefinedin40CFRPaJt370
as est?blished by Sections 311  and 312 of SARA BS indicated below:

Immediate (Actite) Health Hazard:          |±E                     Sudden Release ofpressore Hazed:       Ng
Delayed (Chron ic) Health Hazard:           l§=                     Reacti've llazaJld:                                         B!g
Fire Hazard:                                                 IS§

Section 302 - Erfemtlv Elazardoqs Stlbstanceg:
lllisproductisnatknormtocontBinonycomponefitsinconcenritionsgrarerthanonepereentthatare
listed as Extremely Hazardous Substances in 40 CFR Part 355 purstiant to the requirements of Seedon
302(a)ofsARA.

Clean Watel. Act /CWA):
Under the CWA, dischangcs of crude oil and pctroLeiim products to surfroe unter without proper Federal
and State p¢rT[i its must be repotted immedi8tcly to the NItiof`al Response Center ut (800) 424-8802.

£enp±gheD±iveEo±d=eJimcp±=!_E±s.?o±±±£om±±nsaG±±IEE|±±biljt!!L4±!IffBfliA).Se±fi±±102
Haza |Idous Sub§trDi:es:
As defined dy CERCLA, the term "hazardous Substance" does not ine]rde petroleurL, including cnide oil
or any fraction thereof which is not othervrise specifically listed or designated as a ttazardotls substance.

L„  NDJNaData            .    .' -.-.

¥|^#gN^Op..p2'EFt::!6ii;^Iiouacs{AcaFO.
.,.,....,..-,..   I        .   .

givgiv.ap;...I.ap.7.CIN:...:38;8,

•   . NE-Not.I

i ,.......   I.    :  :; i...
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9.0  ENvmoNMEI`ITAL DATA (continued)
California Protrosition 65 /The Safe Drinkjm! Water and Toxics Enforcement Attt:
WBrmitig:  This material contains the following chemicals which are tcnown to the State of california to
cause caTtcer, birth defects or other reproductive ham. and 4rc subject to the requirements of California
Proposition 65 (CA Health & Safety Code Section 25249.5):
Com Bob ent:                                                                                   Eff±£!;
Diesel Engine Exhaiist                                                               Cancer

Newr Jersev Workel. alld Commutiit¥ RiEht-to-Knornr Act:
Fuel Oil {68476-30-2)

Toxic Substiqces Control Act (TSC^l:
ELeparted ln TSC^ Inv¢dtory ae: Pnduct ctmporients

No. 2 Fuel Oils X

10.0  LABELING

PANG-ER:_
H^RrmuI, E SWALLOwrED - CAN ENTER I.UNGS ANI)
cAusE DArmGE
coNTAINs pE`moI.BUM Dls'InflAms
conmusTmlE LIQUID
cAtJSEs SKIN mRITrmoN
MAY CAUSE CANCER ERASED ON ANIMAL DATA
TARGET ORGAN®:  Skln

HArmTiA~
Keep ouy from heat. sparke and f[amcs.  Keep container closed.
Avoid breatlling vqur or mists.
Avoid dirttt dernal copt.ct.

RET4E
If ewaltowed, do Dot irducc vomltlbg.
Call a physician lmfpediafely.
1B case of Contact, renove coDtanLEpated c[othitlg immediately and
wfLBh th®rough]y with Soap and water.

ALL sTATEMEms, INFORMATION, AND I]ATA pRovlDEDIN THS MAThRIALL SAFETY
I]ATA SHEET ARE BELmvED TO BE AccuRAIE AND REIAABLE, Cur ARE PRESENTED
WITHOUT GUARANTEE, REPRESENTATION, WARRANTY, OR RESPoNsrmlrrv OF
ANT KIND, ERTREssED oR nnldED. ANT AND Am REPRESENTATIONs AND/oR
wAREAr`IT[Es OF MERcllANTABILITy OR FrrNEss FOR A pARTlcuLAR puRposE
ARE spEclFlcALLy DlscLAnml], usERs sHoulD MAID TEDm OWN
INVESTIGATloNs TO D  rlmhrmfE TIE SurrABnATy oF THE INFORMATION 0R
IIROI]ucTs FOR IHEm pARHcul.^R rt7RTOsE. NOTTmTG CONTAIRED EHRE IN Is
INTENDED As pERMlssloN, INDucEMENT OR REconmflNDlquoN TO vlol4ATE ANY
IAWS 0R To pRAcrlcE Arnr INVENTloN CoVERm BT EHs"G PAThNrs,
Co"GErrs oR II\TVENnoNs.

NDJNo Dab
CITGd N6.-2 Fuel Oils, All Gndes (AG2FO. September 26, 1997. Cn`l: 5388)
NA-Not App]icatilc

P . E'7/@7

NEINct Eshtil-ishea
•Pnge1Ofl

**    TOTQL    PQGE.©tz)7    **
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`MATERIAL SAFETY DATA SHEET
PF]ODUCT   ` SA   825   0012

SECTION I

P.3

vi' I T c ci MAN U F A c t u alN 6 a iv Ls loN c) A f u Bslo iA a y
EMEf`GENCY  TELEPHONE

I

tl6T¥F,ACTURER      782-5SOOEFEffREci.(eooi424.93oo
AODf`Ess  iNUMBEft. sTaEET. clTy. STATE. zlp  confi•

ChEMICAI NAME Ofl fAMllY F0f]MULA

a Petrol eum  Hvdrocerbon 1NA

.SE CTION  ll  -.CHEMICAL AND  PHYSICAl'PROPERTIE8                              ?CHEMICAL"                                            lpHYS GAL.
hAZAfiDOuS DECOMPOSITION PAOOUCTS                                                                                                                                                 FORM          S    m'-         l'd

6          Carbon   in.onoxlde.   carbon   dioxide
I) eSO

OOOFl
'N cOMPATiBiLiTy iKeep ^w^y FaoMi e Mi nera Oil

Strong   oxidlzlng   agents   such   as:      hydrogen   peroxide, ^PPEAf`ANCE
6 chromlc   acid.    bror.ir`e '0 Grease
LLST ALL Toxlc AND HAZAnDOus INaAEoiENTs7Nc,ne

''
LoftI       Amber

P'2 ECIFIC  GRAVITtiwATeaaltRT C) . 92 ¢

`SEctloN ill-i:FinE...AND.EXELOBioN t]ATA' ®OIL,NG  PT.'S
NDA                 .c®F

spEciAi Fif`E FiGHTiNG Ffloc€DimE6 F|Asll POINT (METHOD uSEolAboveC.a.C.34leo.CJZL.f

Fire   fighters   should   wear  an MELTING pT. VA.c
eDprc)ved   self   contalned   breathing FiAMMABiE ilMIT6 e6NDA27LOWER_uPPEfi_

I,
®f

24
aoparaTus`               J

soiuelirTyINWA,£R

Ne. I ' c I I I a
UN USUAL. FIF`E AND EXPLOSION H^ZAADSDensesmctke €xTiNGuiBHING AaENTs

8 DflYCH€MICAL    X: CO. AT           ?5   .c

= WATERSPRAY    ± fo^M.W^TEPFOG%5ANO/E^fl"20|OTH€P '8

I,  VOLA"18'a(IYWT*'
NA

2S
evAp. ftATE'7(-''

NASECTION  IV  -HEALTH HAZARD DATA
PEPlMlssiBiE cONCENtfiAtioNs iAmi

T

I

',
v^PoR pflESsimElmmIlo.`20.Cl

NA

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

10 May   cause  skin   a  eye   irrltation  wlth   prolonged  contact. ®H ^S  'S
NA

To*icoiocicAL pnopE.TiEs JO oH''

3' N94. 5TFtoNO ACIDSTRONGaAs!

EMEPIGENcy  FlasT AID pflocEDufiES

32 EVEs     Flush   with    laroe   amounts   of   water   for   at    least    15   mln. sTAeLE                                                       -x

Cal!    a   ohy5ici;n    Immediately.
2'

UNst.BLE

IJ€,! SKINCONtACT        w6sn   thoroughly   with   soap   and   Water.

:'::::TFY             ioo<o'n°*.x=2
NHALATioN                   NDA.

_23J            NA                                                                               i

gswALLciwED         Call    a    PhysIciEr.     Immediately.
i

I

N4   -hloT  AppLicAeiE                                               NOA  -NOOATAAVAiiABiE                                          <t  LEss At`                                    >. Moat it`AN

Paa6  I  ot 2

cc!qi,.  i`.3.  e 5 1   ..i   €  ..
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MATERIAL  SAFETY  DATA  SHEET      pBooucT

P.4

SA   825   0012

a
®
®

®
®
®
®
®
®
®

®

e

'
'
'
'
)

1

)

§_ECTTONvlliur§PECIAt.'f)RECAUTIONS
PeECAUTloNS To eE TAKEN iN HANoi"G ^NO STORAGE

Keep  containers  closed.                                                                                                                              .
)

SEC"oN Vfii -TFIANsroFTATION DATA

uNfl€6`Il^Tto  a u.s. O.O.T. .f`opEa 8HippiNG NAME

"                  ,Y D.a.T. 7

I.                aE:UoL.%TED  E

U.5. O.a.T. HAZAf`O CIASS I.a. NUMBgp

a 9

Tf`ANSPOITAtloN AO LABELisi A€auiAEO

€MEaG£NcylNFOAMATIONCHEMTREC1.18001434.9300 60 6'

FR EiaHT ciA8siFicAtiaN

9Z
Petroleu.   Lubriceting  i`rease

SP£Cl^L TRAN6PORT^TION NOTES

I, 13

SECTION IX -COMMENTS

KEEP   OUT   OF   R=Ach.   OF   CHI  L9REN!  i
|jl

\^/e  beli.V.  the  6ta`em®nts.  teclinical  Information  end  .ecomm.ndatlone  ContElinod  h.rein  ere  r.liable.  but  they
Ble  given  without  w.rranty  or  guarantee  of  .ny  klnd.  express  or  lmpliod,  and  W.  a88umo  no  lespangiblli{y  for
any  Io[s.  damage.  or ®xpenge,  clirect or  consequ®ntlal.  arising  Out  of th®lr use.

P3]6   2   o'   2
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MATERIAL   SAFETY  DATA   SHEET

P.5

Tbx   nc>.     :    042840

PF)rt   Type]   end   NIJmbar                                                               Part   name

Prlnt   Oat®
Last   R.vlewed

oF,a.gze,9J
o5/03/89

-----I------I-------------------------------------------.-------,,,---J,,--,,,,
Ford    -U.S.     BATTEBY    -ALL                                                      BATTERy    ELECTROLYTE

Motorcraf t    -U.S.    BATTERY    -ALL                                BATTERY   ELECTROLYTE

---------------- Ei ----  CHEMI CAL   AND   PHYS I GAL   PROPERTI ES  --I-I -----.- I ----------..

Haterial    type                          LIQulo
Sp.clfic   Gravity                 I.250
Bonlng   point                         >135   C
flash   polnt                              Not   Appllcable
pH                                                             2.a

----- 11--I -.----   HAZARD0l'S   AND   OTHER   0lscLOSE0   lNGREDI ENTS   ------- Ei ----- I ------

P.rcent           Expo.iJre   Llmlts   -TVA
R.nge                ACGIH/OSHA(where   C!t.)     CAS   number            CheJlilcll    Name

---,-----,------- 111 ,--- ~-,,I ----,, ~ ----,,,, 1 ,,---- ~ ,,,,----,,-----,,---
>30-60               I/1      mg/m3                                      7664-93-9               SulFURIC   Aclo

Expo.ure   Limlt   Abbreviatlons
----,, 1 I -,---, I ~ ~ - - , I , , ~ --,,,,,-- I ,,,-
TWA-tim.  W.19ht.d   ^Ver.ge     C-C.lllfig

S-Short  Term   Expo.ure        Sk-Sklf`
Sol-Solubl.  Compounds            Fu-Fun.i

ln&ol-Insoluble   compounds         Ou-Oust +.,1'

------------------ I---i--REGULATORY  I NFORAATl oN  ---------------- li ---.------.

This   product   cent.Ins  .   toxic   chemical   or  ch.lhicat.   IubJcct   to   the  I.portlno
reqliironcnt&   of   Sactlon   313   of   Tltle   Ill   cif   the   Super fund   Amendm.nts   end
R.authorlzation   Act  ol   198£   .nd   40   CFR  Part  372.

n ---- I-±±======±i-i===J± --.---  S I GNAI  WORD  ==L,:========±==T-_==__--.- =Lul

DANGER    --CORROSIVE

---- I ------.-------- Tin---Ill ---.  HAZARDS  I ------------ I ---------------- g=a---=

Ccint&ct   wtth   thle   in.terial   wlll   cause  burns   to   th.   skin,   .yes   end  mllcous
membranes .

When   trt!s   mat.rlal   com.i   into   contact  with   the   .y.a,   serioug   d.mag.  may   occur.
Thia   product   15   h.rmfu.I   by    Inhalation.   wh.n  .in   eenttcl   with   th.   :kin
and   if   lt   is   .waHow.d.

ThiS   product   IS    irrlt.ting   to   the   eyes,   relpiritory   ey!tou  and   lkln.
This   product   may   bc   fatal    lf    lt    15   SwaHowed.

FORD   MOTOR   COMPANY
OEAflBORN   Ml   48121
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MSDS
(CONTINUED)

P.6

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

----------- I-I -----  TARGET  ORGANS   AND   MEDI GAL   CON0I TIONS   -I ---- il--I-I -----.- a-]=

®

®

0
®
®

®

®

®

P

D

'
'
'
)

)

)

Ov.r®xpogure   to   tom.   h]zardoua   lngredlentE   in   thls   Product   hal   been   found
to   affect   cert.In  body   org]ns   and   Syat®m.   ln  exp.rlm.ntal   anim.I.   .nd/or
humanB.   TheSe   include:

Lungs
Teach
Skln,    Ey®a,    and   R.&pir.tory   Sya£®m

I-n .----- n -.----.-----  ACUTE  Tax I C I TY  I NfoRMATI ON  ------.---..---. IIt--IL ----- I

Baaed  on   th.  ccimposltlon  of   th.   product   ldentlfled  by   th.  supplier,
Selected   portion.   of   the  .cute   toxicity   Information   fran  RTECS   ar.
=5   follows:
7664-93-9          SUIFllRIC   ACID

lnhal.tlor`,   Idult   rat,   LC50   -ilo   mg/in3    (2   Hour.)
Oral.    idult   rat,   LD50   -2140  mg/kg                                                            .

........... I ..... I.I+_I...  SAP E  H^NDL , NG  AND  STORAGE ....., I_..=====_T====± .... [r_.

Oo  not  breath.  gts/furn.&/vlpor/epray.
Il&e   thl±   product  with  ad.quote  ventll.tion.
Oo  not  g.t   thle  ln.t.rlal    ln  your  eyes.   ®n  your  .kini   or  on  your  clothlng.
Thl]   lS   an  oxldl2lnq  .g.rit  -&vold  brlnglnq   lt   Into  coat.et  wlth  .A
organic  material .

Stol.  this  prodi.ct  in  .lr-tloht  cont]In.r&  aw.y  fron  eourc..  of  h.at  .nd
I ight.

---. Iu---qul-FIRE,  EXplosloH  AND  REACTIVITY  INFORMTION  I ------ == -----

Bringlng   thlf   prodll¢t   Into  contact  Wlth  conbuetlble  mat.r!ll   DIY  c&uee  4   I Ire.
EXTINGUISHER    INFORHATION:    Dry   chemical,    foam.    carbon   dloxlde.
u8.  w.tar   to  cool   f lr.-.xpas.d  contalners  and  to  prat.ct  p.rsonnel.
W..r  I.lI-contain.d  br.&thing  appar&tu4.
Thl8  product  can  ra.ct  vlol.ntly  wlth   reducing  igentl  and.or|anlc  mat.rlal5.
Explof lve   HYDROGEN   GAS  may  be   r.1 .... d   lf   &qu.Cue   .olutlonl   ol   thl.  mat.rlal
eeme   into   contact  wlth   reactlv.  metll!    (IRON,   ZINC.   AIuhlwun)  .

Irrltatlng  and/or   toxlc  fun.I  and  g.Se5  may  b.  onltt.d  upon  li..ttnq  of
thl!   product.

The  decomi]olitlon  of   thl8   prodllct  wlH. release   toxic   I.S.S.

FORD   MOTOR   COMPANY
DEAF`80RN   Ml   4€121
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(CONTINUED)

P.7

Tc}x   no,     :    042840
Prlnt   Date   !   o4P/aoo298o3

----- I ------- I ------  PROTECT I VE  MEASURES   AND  TREATMENTS  ---I-I-d-I ------- 4 ---.

Use   of   an    impervious   apron   1=   recommended.
use   g.ncral   v.ntHation  and   uB8   local   exhaust.   wh.re   posslbl.,    ln  conf `ned   or
•nc`os.d   8pacec.

Wear   ch.mlcal   goggl.a   ancl   fac.   ehleld.
Tlie  usa  ef   naoprene  glov.a   is   recom.nded.
In  c..e   of   coritact  wlth  .y.a,   rln.e   imedlately  with   plenty  of  wac.r   and   eeek
medical   advice.

Imedlately   tak.  off   all   contan]nat.d  clothing,
|f   th.  materlal    1&   .wallowed,   get   lim6dlate   medic&l   attention  or   advice   --
Giv.   Sev.rat   gla8ses   of   w.ter  or  milk.

If   g]i/fume/vapor/du!t/ml5t   from   the  materlal    is   inhaled,   remove   the   affected
person    lmmedi&t.`y   to   fresh   air.

for   fkln   contact   f luah   with   large   &mount5   of   water.
Wagh   thoroughly   aft.r   h.andllng.

-----.-------- I--.11 .-----  NOTES  T0  PHYS I C I ANS  --I ------- I ------.--------- ==--

If   the   product   i€   Ingeeted.   prob&bl.  muco=al   d.mage  may   contr=indlcate   the  use
of   ga&trl¢   l&vage.     Tr.at   th.  effect.d   person  approprlately.

-----------.----- I ----  SP I LLS I  LEAKS  AND  D I SPOSAL  -------- n ----------- I|-==`=
.

Ellmin.t.  all   .ourc.I   of   lgnitlon  or   flammabtet   that  may   cen€   Into  contact        .
wlth   .   .PHI   of   thls  mat.rl.I.

Avoid   lkln   cont]ct   and   lnhalatlon  C)I   vapors   durlng  di.po..I   of   .PHI..
0l.pose  of  waet.  materlel   ]ccordlng   to  Loc.I,   Stet.,   and   Fed.I.I
Envlronm.nt.I   R.gut.tlon&.

In   caB®   of    largc   .pill®,    foHow  all    facHlty   Em.rg.ncy   Reipon9e   Procedur68.

........................ _. S P i C , AL REMARKS ................,. [r .......... ===..
Thil   I.   .n  .cldlc  mit.rlal.

--------  ii.  s.  eEPARTAENT  OF  TRANspORT^TioN   INFORHATioN  ------------ =

Shlpping   n]me:    BATTERY   FLulo,    Aclo      uN:    27$6
Ha:ard   Clasai   Corroilv.  matarlal                  Ha:ard   L]bel!   Corrosive

The   chonlcal   nlme(a)    appearing   below  under   `'NAHE"   mil&t   .ppear   ae   part   of
shipping   n&mc   lF   th.a   amount   being   Chipped   in   each   coAtalner   ®xc.ed€   the
quantity   .hown   under   ''RQ"   below.     The   letter:   "RQ"   mu6[   ®l.a   app.€r   al.part
of   the   Shipplng   name,    ln   th.   form

•hlpping   name.    ch®mlcal    name.    RQ.
For   U.S.      Shlpm.nti   fran   Ford   F8ciHtieg,   consult   the  ''Ford

H]zardou®   n.terial   Transportation   Control   Progr.m''  A.Iiual.   oth.rwis®
con8ult   49CFR172.
------ ¢AS--RQ (Iba)   -NAME -------- ~ -..-..----------.------------..................

7664-93-9         2777         SuLFURIC   Aclo

FORD   MOTOR   COMPAN.Y
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MSOS
(CONTINUEDl

P.S

Tax   no.    :    042840 °     prir\t  D.te  ,   oFiaoq2e/9#

---------------- 11 ---- I -.--  PREPARAT I oN   I NFORMAT I oN  ------------------- I-.-i==-I--

H.alth   and   safety   Information   ha8   been   evaluated   bye

Environmental   t   Occupationel   Toxicology,      Occupational   Health   6   Saf.ty,
i ord   Motor   Company
goo   Parklan.  Tower:   W.9t.    D¢arborn.   Hl      48126        ..

For   .merger`¢y   caH:       (313)    337-3182   -or-(31J)    323-0045    (for   24   hour   ..rvice)

Thls   il   the   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   Ml   48121
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RATERIAL   SAFETY
DATA   SHEET

"OC0   REGULAR   LEAI)-FREE   GASOLINE

MSDS   NO:       02003992

P.9

MA+lufACTURER/SUPPLIER:

•      #:C:a:!LR::::i:# Drive
Chicago,   Illinois     60601

EMERGENCY   HEALTH   INFORMATION:        (800)    447-8735
EMERGENCY   §PII.I   INFORMATION:       (800)    424-9300

crmREc,  u.s.A.
OTHER   PRODUCT   gAFETY   INFORATION!       (312)   856-3907

•          IMPORTANT  COMPORErmss      Ga8ollne   (GAS   8006-61-9)   ACGIH  TLV   300   ppn,   STEL   500   ppn;

:                                          !§:i:i:;§£¥eii:i3;:i;±EL¥!!:§i§;:: 1:::;  °Sm pal 1 ppm
®        WARNING  §TA"ENT:     D;ngerl   ExtI?de}y  fla"able:   High  vepor  concentrations  can  caus.

heddache8,   dlzzihea3,   droveineg5  and-nausea.   Harmful   i£  €vallov®d
and/or  a8plreted  lAto  lungs.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  eg  motor   fuel  only.   Long-term
exposure  to  vapofg  has  caused  cancer  ln  laboratory  8nlnals.

"IS/NFPA  CODES:.(HEAL";1 ) (FLA"AEILITY; 3) (REACTIVITT;0) ,   Chronic  h.alth  hazard

APPEARAIICE  ANI)   ODOR:      Clear,   bright   liquid.     Characteristic  odor.

EFFECT :

FIRST   AID:

PROTECT I ON !

EFFECT!

iiEAI,TH  EIAZARD   IrmoRMAIloN

EYE

High  conceAtration4  of  vapcir/blst  Day  caus.  eye  dl&comfbrt.

;::#g#::  vlth  plenty  of  vat.a.    Get  Bodical  &ttentlaA  if  irrltatlon

None  required;   however,   use  of  eye  protection   la  good. indLiatrlal  practice.

.SKIN

Prolonged  or  r®peat®d  contact  can  defat  the  .kin  and  lead  to  lrrltation
and/ar  dernatltls.

b      FIRST  AID:      ¥::}u::£:a:£a:g}na:it:a:::3g#S. :i:::.an:a::;.b:?::=i::::?  C:::hi:gifai
attention  if   irrltatlon  develops.

PR°TECT]°h':    ;I:;:8Pr:i::8::n::dr:¥®::::a::inc::::::tis  I:£:]!:Otective  Clothing  and
b
n
n
n
D

D

EFFECT i

INHALATION

Vapour  hdrznful.     High  vapor  concentrations   can  c4uee  headacheg,   dlzzlneas,
drovginea8   and  r`ausea.     See  Toxicology  S®ction.

FIRST  AID:        If   adverse   effects   occur,   remove  to  uncontanlnated  area.     Give   artlf lcial
respiration  lf  not  br.athing.     Get  in.dical  attention.

P         PROTECTION:      Use   With   adequate  ventilation.     Avoid  breathing.  vapor   and/or  mist.      If

D                                 ;::::::ti;:;i:t;::8::¥:t:;p::;m¥:::H/USHA  certified  respirator  Which  v|ii
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®
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®
HEALTH   HAZARD    INFORMATION   -   CONTINUED

INGESTION

P.18

.      EFFECT:               Low  viscosity  product.     Harmful  or   fatal   if  asplrated   into   lungs.
FIRST  AID:        If   swallowed,   do  NOT   induce  vomiting.     Get   lrmediate  medical   attention.

FIRE   AND   EXFLOsloN   ]NroRAT[ON

•      FL^SHP0INI:              -450F

a       FLA"AELE   LIMITS:      UPPER:      7.6%     LOWER:      I.3S

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

®       EXTINGUISHING  MEDIA!     Agents   approv.d   for  Class   8  hazards   (..g„   dry  chemical,   carbondloxid.,   halogcnated  agents,   foan,   gtean)   or  voter  fog.

®     UNUSUAL  r{RE  Eng:{£8:i:£::#tH:?A#::  b:;:::in::!r::a#a:::a:a#r:;i:  :i;t::£8c£:aT;  an

®                                      explo81ve  mixture   ln  air.
I

4)     .PRECAUTIONS:    £::g  ::#a!:::  :i:i:i?A  6::r:::h(:i:&da!:at:A:i::::a:?a  °P®A  fLapeg).

®
REACT[vITy   INFOunTlclN

n       DANGEROUS  REACTIONS!     Avoid  chlorine,   fluorlne  and  oth.r  strong  oxldi8ers.

.       HAZAREOUS  DECOMPOSITION:      Burning   can  produce  carbon  monoxide   and/ar  carbon  dioxide.        and  other  harn€ul  products.

h       STABILITY:     Burning   can  be  Started  easily.

n
CH"ICAL   AND   PHYSICAL   PROPERTIES

BOILING   POINT:                       80.F   TO                 430®F,   Range

8OLUBIL]TY   {N   WATER:      Negligible,   b.low   a.1%.

SPECIFIC   GRAVITY   (WATER   a   I):                      a.75

I        vApOR  pREssuRE!     7-i5   ib  Rvp   tA8"  D-323t

n         vApORDEN.slTy   tAIR-ij!                  3   TO              4

b

I
'
'
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STORAGE   AND   ENVIRO"ENTAL   PROTECTION

P.11

a          STORAGE   REQUIREMENTS:      Stor.   in   flammable   llqulds   storage   area.      Keep   container   clciged.
Store  dvdy  f ron  h

a                                                           accordance  with

4evers

a          WASTE   DISPOSAL:      Re$1dueg

ignltlon   sources,   and  op®n   flame   in
federal,   £tdte,   or  local  regulatlc)ns.

a         SPILLS  AND  LEAKS!     R.mov.  or   shut  of i   all   gourceg   of   ignition.     Use  water   spray  to

®                                        ;;.:.;;5:;i::.:;;;La,i.I.f:::::ee:::: 1:::i:gt , ;5±:::8:::; ;.  C£::; i:u:Ao:nand  vatervay8.

end  splll®d  matarlal  ere  h82ardoua  va5te  due  to   ignitablllty
must  be  ln  accordance  With  applicable  federal,   State,   or
ulations.     Enclosed-controlled   lnclneration   1g  recofrmendeda

®

®
®

®

®

e

DiBPOS®1

::::Ssr:i rected  oth.rvi€.  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   af   sewers   and  wat®rvays.      Avoid   strong   oxidizers.
Report   8pllls   to   appropriate   authorities.      USE  AS   MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFO"ATION

EYE:     Primary  eye  lrritatlon  score  0.a/ilo.0   (rabbits).

SKIN!    :5i:a:!L;i:n::ai£::#:£°;I:::i:a:i;/i6£t::#bi::)
icu::u::p:::::: :;5:h#e::::e.

a           INHALATION:      Acut.   LC50   20.7mg/I   (rats).

•        INGESTION:    :::::u:::lb;D:8;:8;:::::g  (rats).    Practically  nontoxic  fo"cute

Excessive  .]cpo4ure  to  vapors  nay  produce  h.adaches,   dlzzines!,   nausea,   drovsl-

b         3:;::a:?:i:ation  of  eye&i   nose  and  throat  and  central  nervous  system

:     i!;i;i:;!!!;:i !#i::;#!:i!:;::i!i:;:i::;:i!!:!!!;:i:i::i;;:ii!;:!i::::;
n          tunorB.     Reault&   from  aubaequent  sci.ntif ic  atudlea  Suggest  that  the  kidney

damage  and  probably  the  kidney  tumor  reapon8e  are  unique  to  the  Dale  rat.     The
n         :::::i::::::.of  the  nouee  liver  tuner  response  in  terns  of  human  health  is

Inhalation  of  whole  unl,eaded  ga§ollr`e  vapors  did  not  produce  birth  defects   in
laboraloi`:.  ar,iruals.

I      :::#;:!};a::]§:i;::§#:::{!;:::#:;?i::h#£:::::i!o§#::;:::::bi::::i;::::a
D            (anenla).      Benzene   ie   considered  a  human  carcinogen  by   IARC,   XPP   and  OSFiA,

D

D

b

I

:::;.:g:::?eh::d::::n:A:A:a::::::: c:h:a:::eir5i:::!o:n:o|::: #!:i=:#::a-
wer®  oeen   ln  chronic  studloa  on  xylene   ln  guinea  pigs  but   not   ln  rats.

Aspiration  of   thl8  product   iJ`to  the   lungs   can  cause  chenlcal  pneull\oAia  and  can
be   fatal.     Aspiration   into  the   lungs   can  occur  while  vomiting   after   ingestion
of  this  product.
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REGULATORY   INFORATION

P.12

CERCLA   REPC)RTAELE   QUAVTITY!
This   prc]duct   is   exempt   fran  the  CERCLA   reporting   requirem.nt8   under   40   CFR
Part   302.4.     How.vcr,    if   Spllled   into  Waters  of  the  United  States,    it  may
be   reportable  under  40   CFR  Part   15J   if   lt  produces   a   Sheen.

DOT   PROPER   SHIPPING   NAME:      Gasoline,   Flaruriabl®   I.iquld,   UN1203.

CISRA  HAZARE  COMMUNICATION  STANI)ARE :    :;#:b:§n!ii#:  :!§:#§::i::§:i;:i:=#:::n£;ts

RCRA   STATUS!
Thio  product   i5   Subject   to  the  40  CFR  Part   268.30   land  ban  on  the
disposal  of  certain  hazardau4  va4te§  becaus.  it  contains  th.  follovlng
Substance ( a ) i

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

.SARI   STATUS:

!§!B:!i:::!!{::a:;;:::i:::;;a:;#::::i::!n!a;a::i::i:!t#L:A#::::em:i:&£;
SECTIONS   311   AND   312   0F   SARI   AND   to   CFR   PART   370:
This  product   ig  defined  a8  hazardous  by  osun  under  29  CFR  Pert  l910.i200(a).

SECTloN   313   oF   SARA   Arm   4o   CFR   PART   372S
This  product  contains'  the   folloving'subgtanceg,   which  are  on  the  Toxic  Chenlcals
List   in  40   CFR  Pert   372:

COMPONENT/GAS   NUMBER                                                                                                WEIGIIT   PERCENT-------------~-,-~-,-----------------------~I,----------,~1,----
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  STATIJS:     All  of   the  components   of  this  product  ar.listed  on  the  TSCA.Inventory.

S.u-PPLEMENTAL  INt`I`ORA'i-`ION  .___ _

Gasoline   iB  a  complex  mixture  of  hydrocarbons.     Those  riajor  components  having
c)ccupational  .xposur.  limltg  are:

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

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

Ethylbenzene   (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   pp";
OSHA   EEL   loo   ppm,    STEL   125   ppn.
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SUPPLEMENTAL    INFORMATION   -   CONTINUED
n-i{:®ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   ppm;
OSHA   PEL   400   ppn,    STEL   500   ppm.

n-Hexane   (CAS   ilo-54-3)   ACG]H   TLV   50   ppm;   OSHA   EEL   50   ppm.

P.Atan.   (CAB   109-66-0)   ACGIH  TLV   600   ppn,   STEL   750   ppm;
OSHA  PEL   600   ppr,   gTEL   750   ppn.

Toluene   (CAS   108-88-3)   ACGIH  Ttlv   loo   Fipn,   STEL   150  ppm;
OSHA  Pal   loo   ppm,   STEL   150   Ppm.

P.13

Trim.thyl   b®n2ene   (CAB   25551-13-7)   Acam  TLV   25  ppn;   06m  PEL   25  ppm.

Xylene   (GAS   1330-20-7)   ACGlf{   TLV   loo   Ppn,   STEl.LEO   ppn;
OSHA  Pal   loo   ppm,   STEL   150   ppm.

ISSUE   INFORMATION

®BY:

®   7€GC+-
a.   G.   Farm.r,   Director,

®        Product  sat.ty  &  Toxicology

0

ISsum!     June  09,   1989
§UPEFLSEDES:      March   18,   1988

A        This  material  eafety  data  Sheet  and  the   lAforfpation  it  contains.  ig  offered  to  you   ln

e      3:::hf::t:.::i;::u;:#. SoE:c::V:u::#:V:era:gni:£;rag:°8€:::::1:a:t i?A!:ifa€::: i:e£:

.     i:;i::!!;i: :i::i:a:#{:::!i:i:-i:i:i;i:i:t:5:;:i!::::!£:ig!g::#;:#u::€!:;.1y and
'    :;e:::#:::i:a:::#!:#:::g!::i:#:;.:::::::?;::::::::i:;®i!e:::i, ::1!#:P::i;::s
•       orlaplied,
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U.S.  OEPAFITMENT  OF LABof]
Occupatloml €.l®ly and-H®-Ith Admlnlll[-llon ..

•MAT-ERIAL.`S`AFET,Y,I.DATA.rsHEE,T\
..         .,  ,    .           _    ,  .

.

. ..SECTION.I     .

rFifft#k@ienic.loo, Tffl°#'89"!3roT8a'if#.I:.aa3:rgi."6T.`hn.a. I1.  6og22   `                                                                 '
Oii.ua^iN^i.-A..a.rroMyit.                             .-..-.,`      .      .    .1     .``           ..    '.., 'w'i¥€:uh!fg|`dN#I.h.I

' C,I,nc^| ,^W R., OOuur^
Mlxttlre

a"        .       .,.  8E.cTloN  li..HAZARDOUS,iNaREDiENTs  .
P^iur8. p.E9Env^trves. . ®oivENT£ A |V'un''g) ^lloY8 MO WEtAlllc COATINOS ` TLV(Un''|'

cow",, N/A All WftA| h,/A
'     cJ'TAY,T

N/A Alto,I N/A
vertyLe

N/A
•.Txllc CO^Tt..06 N/A\

"VtNT|
N/A

'||EA WET^|
N/Aniis  co^7I.Io Of` cc)f`€ Flux

^eo,',q,                                                   ..           ~    .   .   `. 'N/A . •otH,,.£........
N/A

•'"..c.......... t'/A
iuLZMtx]ue wlxTUF]Ee op otHtl] iiouio8, eoilo8, OA O^aE4    .     . * LV(un'l,I

.,,,,'.

H.thrl.Alat}hol                   I.                                  I    a                   ..."     ..         ."      " J8 200p

Nonv.1thenol  gurfaotrnt              a^9  #    6Oul2-gr4 001
_-,I

trltinenvlmethane       C^9  #  2650i{.8-2              EP^  TSC^  I.let-Yea Tr,
'         '1.1'I,

SECTION  Ill     PHYSICAL  DATA
.a,l"a.O,"' r'.I                                     . ".       `\.̀ rliA   ..     .''...`-. ep(c''ica*^v,'''Ntt+''`   '      '   I     I     ' •gjl"  I
•^ro. in..an. im ti| I

N/A
mancewt `tol+tl[ N/AI, Voluw( ',I

v^n. OcN..Ty (AI.. . i                                .          , . .  ..     , .
N/A

tv„OM,'ON I^,t
N./A.I,'1

coiu.n.iTy tw w^TtA
''   ,       i        i

I

„~.^Noooon       Blue-a-|tla

SECTION  IV     FIBEAND  EXPLOSION  HAZAF`D  DATA                              .     .    _.
n„Hro"'_i"h~....'       I.a.¢c   lla  F |^"^I,I,u',8   ''    `    '               I           W     I      I           U,,           I

'
I.tmaui.t+"au[l]'^   in  chonia||,ao,  or  Alaahol  fo
"€ci^Hiw`a"amfac£Fr:eeif.aotrfulned.-tr®&thul

1,I--|J.         -i

.                  .,,        .

wuqyilp`o.I A#IH`.°aet°r®H¥`{EL  &|r  and  nay  ti&'tel

aonBlderlbl.  dlgtance  to  an  lgnltlon  8o a,

n       PACE  (1)                                                                       (Conllnu.don iev®ne lld;)
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•.,,,,.,.,,...  ` .,...,,,,,.

:  '                                         sECTioN  vii    8plLL of]  iEAK  PF]ocEt]UnES

8'jii'o°.ec|^®k#|'n..E9F.o`#fi^i#e'iLT|'h'°£'di.|LL#entL].&ted  &r.a. I   .11fllrl&t®  1gnltlon  .Our®.-.

Avad.I.irm-off  into  elorm  eetier8  aLnd  dltahee  vhlch  lead  to  Ti4tur.i  v&tertleyfl

W"t. t}l€Pt]6^l u€1L.OO

In'c®neintlon,  .blologlcal  treatment. of  dllu[e  t]olutlon.      I   .
\,                   ____         `                    \

sEc.I.ION  vili     spEcl^L pnoTEci.ION  iNFonMATloN
IIs.in^to.t I.oitcllott I.`o...' +...                                                               I

V€'',M.A,ION
•v'hof#

I.:'d^b'i'oorlato  to  control  employee  exp dAurtr¢t^.`        .
ulc''^,''C^, I a ®,,,,'' a,,,,,:.

•noitc.ivG aiovcs e'd£:3|'£='iT dafetr  f[offll"
Vefl

OTH.n .no.tc.iv. toull-u(HT

FACE  (2) .Rayul 1 -9-90
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a          PROPERTIES Al``i` SPECIFICATloNS

EXCELLENT FOB  "MINI-HOLES"
AND VERTICAL STACKING

These  non-nitrctglycerin  emulsicin  Proclucis  are  pac:kaged  in  cohveniei
one-pounc],  one.half,  one-third,  and  Ctne-Quarter  pound  cariric]ges  an
formulatec]  to  prcivide  a  Seismic  PIJIse  eqiJal  to  dynamite  for  clear.  sliai
seismic recorc!s.

AI:hough  classified  as  high  explosive,  sejspalME/E  emulsions  are  nor
headache  and  have excellgnt  resistance tci  accic]er.:al  detonation  by friction t
impact.

Spiral.wc>.|nd  li'4  :a  .I;'2-pounc!  paper  canriages  .ar:-easily  cappetl  aii
waxed to Sleep well.

P ROD UCT                                         E-1                E.1 /2           E-1 /3           E-1 /4

a       :::ght

a           s'eyi:ity(giTvcc)

•          ::'t°ocj:y,i:f:Sp)r:usns:::flned)

0
a
e

0
a
e
a
e
a

(kilobars)
Absolu(e  Bulk Strength

(cal/cc)
.Peiatjve Bulk Strengtri

(ANFOE 100.)

One pounci     1/2 Pound
21/4x81;'211;'2x8

49SW
1.18                          i.15

16,500               16,C)00

loo                    100

1ro  Pound   1/4  Pound
11/8x8            1x8

e;IN                S;IN
1.15                     1.15

15,00C)           14,500

100                 loo

PACKAGING
Available  in  four sizes  to  meet  vertical  slacking  an

-miiii-hole" applications. seispF`lME/E in the one-poun

size   is   packaged   in  thin-walled,   easy  couplin
canridges  f or  vertical  s{acking  or  larger  c)ownhol
shots'

ln  the   1/2  to  1/4-poijnd  sizes,  sejspF}lME,''E  i

packaged in spiral-vyound ?aper ca,1ricjges.
All sizes have excellenl wa[e,' resistance and can bi

initiated with a #8 strength STATICMASTEB oetonator,

57IA7YCA445FEE.€`.  :iectri= [ietertators for Seismic :xp!oratior:
DESIGNED  FOF]  SEISMIC  WOF]K  -  Exclijsive  Atlas  electric  rr,atch  provides  reliabli

cietonation  with  minimiim  lag  time  and  scatter.  Full  #8  strength  explosive  output to  hell
insiJre initiation of the seismic charge, even  under severe condiiic)ns.

UNEXCELLED  PEBFOBMANCE  .  Bigid statistical quality ccintrol tests  are  performei
cin  all  compc)nents  anc]  on  the  completed  detonator to  assure  feliable  and  corisisten
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsulation  provide
additior]al protection against shorting ot legwires under extrenie conditions.

WATEB  AND  WEATHEF\.PFIC)OF  .   Legwire  insulation  is  designed  to  withstan(
extremes ot heat and cold  and the  severe  conditions encountered. in cleep-hole  loacling
All  cletonators  contain  a  double-crimped  rubber  plug  to  provide  a  water-tight  sea!
Excellent firing characteristics permit use in single-hole or multiple-hole pattern shooting

a         PROPEF]TIES ANDSPECIFICATIONS

n          :  P:;i?,:tn::;t:iemngtshc-a::r. Less than o.001  second; even

D         .  £:ceormai:rJ::dc'?,:::;tc':fir:Cn'te.a3:: io amps Dc, 4 to lo
amos AC

•           .  Wa..Ler Immersion depth (max. tested} -500 leet
•  Bridgewire resistance . 0.9 C)hms

®            .  Det.onatcir shell -Gilding  metal

•        REDucEDSENsmvlTy
TO EXTPANEOUS ELECTPllcITY

i.  special  bric)gewire  anc]  the  SF  teatiJre  in  the  electric  match
proviae  reciucec.  sensltivlty to  slatic electricity.

OPERATING AIDS
With  recommended  firing  currems.  §TATICMASTEPl  electrit

c]etonatc>rs meet all requirements for series firing,
WARNING  -  Do  not  use  STATICMASTEF`  electric  detonators  ![
tlie same circuit with otrier types c>r brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

duplex  copper  lead  wjres  (yellow color)  in  lengths  of  40'.  60'`  80.,
100'.120',150',160`.  200',  250.,  300',  ancl  400`;  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yellow)  measuring  12.,  20.,
ancl 24..
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HAZARDOUS CHEMI   GAL      MATERIAL S   A   F   E   TY      DATA
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SHEET

ATIAs  powl>ER  comANy
15301   DALLAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
T"  910-860-5237

2.     PREPAREI)  BY:        P.E.   Therriaulc            DATE:        06-24-88

3.     rmlcAL  "ERCENcy  TELEPHONE  NunERs:

EAST   0F  THE  MISSISSIPPI:      717   -386   -4121
WEST   OF   THE  MISSISSIPPI:      417   ~   624   -0212

REVISI0H:      One

®         4.      TEE  MATERIALS  DESCRIBED   IN  HIS  DATA  SHEET  ARE:

e                                RAZARI]Ous   cHEMlcAL   INGREDIENIs

e        5.      cH"ICAL  AND  cormoN  HARE(s)   OF  EAZARDOos   cEEMlcAL  MlxTURE/INGREDIENTs:

e
e
e
a

e

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

Major  Hazardous  Ingredletics  Include:
A"aoaium  NIcrate
Diesel  011   (In  Some  Formulas)

TSCA                        GAS                              RTECS
LISTED                      NO,                                  NO.

1.                6484-52-2             BR9050000
Y            68334-30-5            NO  Listing

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

6.     pH¥slcAL  AND  crmilcAL  cHARACTERlsTlcs:
Vapor       Flash    }1elting    Boiling     Specif ic      Mol.

Pressure     Pcinc     Point°C    Poinc°C Gravitv J!Ei      £4±E    Appearance

Amonlun  Nitrate            0                  d               155               190               I.725          83          None     White   sc>1iE
Diesel  oil                       bd               nd                   nd       147.371          0.87            nd     Pungent  Broun  Liqui=
Mixture                                  Meg.           nd                     T}d             1251.I   to   I.3     NA          None     tth±te   crees=

nd  =  No  Data           d  =  Dissociates       na  a    Not  Applicable
e        7.     pFTslcAL  HAZARDs:

e
®

e

e
e
a

Amclnium  Nitrate  -DOT:     O:{1dizer
Mixcure    DOT  Explosive,   Blasting  Agent

S.      HEAL"  IIAZARDS:
.--.

Carc:inogen
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef i eccs

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

10.      PERMISSIBLE   EXPOSURE  I,IHITS:         NO   Data

Diesel  Oil:     Flammable

--+--       C=-__-   _

Ref :   Regiscr:`'  of  Toxic  Effects
of  Chenicai   Substances   (RTECS)

N  =     No  G:iterla  Match
Y  I    Poslclve  Crlceria  Match

per   RTECS
nd   I     No   Oat:a
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11.      LISTINCS:
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12.      CENELALLY  APPI-ICABLE   PRECAUTIONS   FOR   SAFE  HANDLING   AND   USE:

EryGIETlc  pRACTlcEs:

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fu"e§.
pROTECTlvE  rmAsuREs  I]uRENc  REPAIR  AND  RAINrENANCE  OF  CONTAMINATED   EQulpENT :

Use  Ron  sparking  tc)ol6,   avoid  open  flame,  wear  nor"l  safety  equipment,
such  as  safety  glasses  and  hard  hat.

pROcmtJREs  FOR  cl.EANup  oF  splLLs  AND  LEAKs:

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

I         i3.     cONmoL  MEAsuREs:

r

I

'
I.

'
I

I

'

ENGINEERING: Follow  BATE  standards   for  storage   (27   CFR   151   Subpart   3)
Except   for  Bulk  products,   see  "Do's   and  Dor\'Cs  -Instructioris  a`nd

Wartilng§"  -found  in  every  shipping  case.
See  Instltuce  of  Makers  of  Explosives  Publi¢at:ions.

WORIC  PRACTICES:      Follow  OSEA   Standards   for.Storage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products.   see  ''I)o'5  and  Don'Cs  -Instructions  and

WaILILing5"   -   £outid  in  every   shippip.g   case.
See  Itiscituce  cl£  Makers  o£  Explosives  Publications.

pmsoNAI,  pROTECTlvE  EQulpENT:

Avoid  toxic  fumes  from  blasting,  wear  norm.al  protective  equipment,   .
Such  as  Safety  glasses.  hard  hats,   ecc.

i4.     RER€Eh'er  AND  FIRST  AII]   pROcEI>uREs:

I

)15.

Do  not  attempt  Co  fight  fires  il`volving  explosives.
|mediately  evacuate  the  area.     Avoid  toxic  fumes  from  fires.
h  cage  of  skitl  conca¢C,  wash  affected  area  h.ith  water.     Eye  contact  -
flush  eyes  for  ac  least  15  ainutes  and  consult  a  Physician.

DISCLAIRER:         The  above  lnfornation  tat.en  from  various  published  and  unpublished
sources  ls  believed  Co  be  accurate  and  rep:esents  the  best
lnfortracion  currently  available  to  us.     Houever,   we  make  no  Hart:anty
of  the  accuracy  ot.  such  ;nfortnatlon,   express  or  implied,   and  assume
no  liability  resulting  fron  its  use.     Users  should  mke  their  elm

#¥::ts82Ef:Efa:°p8S;:::5:e  the  Suitability  af  the  inf ctrma:ion  for


