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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROJECT DESCRIPTION

Project Name:              Seismic Investigation of a sinkhole on clearwater Dan

Location:                        Clearwater Dam, Missouri

Site safety officer:     Richard D. Miller

Plan prepared by:         Richard D. Miller

Estimated Duration ofField work:    2]/2 days

H.        STATEMENT OF WORK
A sinkhole that formed catastrophically on Clearwater Dam during January of 2003 will be the

target of a high-resolution seismic imaging program designed to determine the general geometry of the
sinkhole's subsidence `froot or chimney" and help ascertain if and to what extent bedrock and native
alluvium is involved.  When first discovered this sinkhole measured 10 ft wide and 10 ft deep, was
approximately 120 ft from the dam crest, and on the upstream side ¢igure 1).  This sinkhole represents a
not yet fully appraised risk to the overall integrity of the dam and is a symptom of a larger, yet
undetermined subsurface leaching problem.

High-resolution seismic reflection and full-wavefield seismic studies will target key areas within
and below this earthen dam.  The high-resolution seismic reflection portion of the program will focus on
bedrock and the rocks below as well as search for anomalies that may be present within the impervious
core.  Surface wave and first arrival analysis will attempt to image fill material composing the upstream
cover of the impervious dam core above bedrock in sufficient detail to assist in the development of a 3-D
model showing the disturbed engineered fill relative to intact or undisturbed dam materials.  Ideally,
these two geophysical tools in association with dam construction details and boring data will allow the
generation of a detailed model of the sinkhole and subsidence-affected materials below what can be seen
on the surface of the dam.

The prQject will consist of two major phases:  testing and production.  The testing phase will
coirmience as soon as a mutually agreed time can be arranged between the Kansas Geological Survey
(KGS) and the U.S. Army Corps of Engineers (USACE).  The testing phase will consist of walkaway
tests undertaken near the planned survey lines but away from any possible subsurface expression of the
sinkhole.  Walkaway noise test data will be gathered according to common shot station and receiver
offset and separated into distinct groups according to recording parameters (source, receiver, recording
parameters, etc.).  The quality and potential of the test data will dictate if the project proceeds to the next
phase and the acquisition approach taken during the production portion of the project.  Both KGS and
USACE will jointly determine if the production phase will commence.

Seismic images and eventual material, structural, and/or gcologic interpretations of those seismic
images will be optimized for a dam volume from the base of the clay cap to several tens of feet into the
bedrock beneath the sinkhole and for a significant distance away from the affected area.  If the site is
compatible with the seismic techniques intended to image the subsurface it should be possible to delin-
eate the lateral as well as vertical extent of the void and associated collapse materials associated with the
sinkhole.  Both shear wave velocity profiles and seismic reflection sections will be coincidently inter-
preted with the aid of construction reports and borings from this portion of the dan.

Clearvater Dam, Missouri Page  1 March 2003



®
®

®
®

®
®

®

®

®
®
®

®

®

®

®

®
®

®

®

0                                          1000 ft

approximate

Figure 1. Aerial photo of clearwater Dam.  Sinkhole and seepage are indicated.  Dikes extending into the lake were
part of the 1989 retrofitting for seismic stability and seepage control.

These seismic data could play a critical role in understanding the processes and chronology of
not only this particular sinkhole but the hundreds of potential sinkholes yet to have formed on other
earthen dams in areas with karst potential.  The bedrock and upper few tens of feet of rock as well as the
design and construction of the Clearwater Dam are very similar to a large number of earthen dams
throughout the midwest.  Developing, applying, and evaluating various seismic imaging techniques for
the purpose of improving our understanding of this particular subsidence feature has a broader
significance to USACE dams in general and specifically throughout Kansas.  Dam failure due to karst
can occur without waming and can range from insignificant to catastrophic and from no threat to major
risk to life and property.  Studies like this will help enhance the repertoire of seismic tools and maintain
the expertise necessary to rapidly respond to similar problems in Kansas.  Maybe as importantly,
development of geophysical tools that are well suited for dam and levee reconnaissance could provide the
early waming necessary to save lives and avert structural failures in earthen retention systems.

This study will focus on:   1) optimal application of non-invasive, high-resolution seismic
techniques on an earthen dam, 2) maximizing the resolution potential Goth horizontal and vertical) of
images of the disturbed materials, 3) optimizing source and acquisition geometries for physical site
limitations, resolution, and survey economics, 4) correlating seismic data with dam construction and
borehole data, 5) delineating intra-dam layers as thin as a few feet, 6) 3-D geometry of the "chimney"

Clearwater Dam, Missouri Page 2 March 2003
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feature likely responsible for the sinkhole, and 7) identifying bedrock analogies and possible chronolo-
gies of structures observed on seismic profiles.

The production data will require 2 to 3 days (depending on conditions) and will follow well
established shallow high resolution data acquisition procedures (Hunter et al., 1984; Knapp and Steeples,
1986; Steeples and Miller,1990; Park et al.,1999; Ivanov, 2002).  The basic structure of both the
acquisition and processing flow will be roughly designed around the findings of the preliminary testing.
Step-by-step analysis during the acquisition and processing phases of the survey will be continuous with
appropriate modifications made if deemed necessary to ensure the quality of the final product.  The
geophone spacing, seismic source, source spacing, optimum fold, geophone type, spread geometry,
sampling interval, total samples, shots/point, and acquisition philosophy will be based on extensive pre-
production tests

Introduction
h support of the U.S. Army Corps of Engineer's strong commitment to dam safety, new and/or

adaptations of existing technologies are being identified and evaluated at sites with both physical charac-
teristics conducive to those technologies and failure potential.  Proven correlation between acoustic
properties and stiffuess/rigidity is the basis for developing and implementing field efficient, laterally
continuous, non-invasive methods to accurately measure the seismic wavefield.  As well, routine non-
invasive appraisal of dam/dike core integrity is feasible and could prove quite valuable in some settings.
Ultimately, the goal is to identify localized anomalous material zones, indicative of either dissolution
activity or non-unifom compaction/settling, prior to surface subsidence or the formation of vertically
extensive chimney features. Seismic techniques hold vast potential for imaging and measuring materials
in a fashion applicable to evaluations of dam integrity.

h many settings around the world carbonate rocks, such as limestone and dolomite, are
susceptible to solution and the formation of voids.  Movement of ground water in, around, and through,
especially joints, fractures, and faults in soluble rocks can results in solution of those rocks and the
development of cavities in the rock. A prerequisite for subsidence is the presence of voids in rocks or
unconsolidated materials. Cavities formed naturally or manmade can represent a significant risk to
surface activities and facilities.

Many areas in the mid-continent are underlain by carbonate rocks and can be characterized by
the presence of subsurface cavities, sinkholes, and underground drainage.  These anomalous rock
features are called "karst terrains."  Karst areas are most susceptible to sinkhole development and
associated long-term subsidence.  Most sinkholes form after a loss of roof rock support over voids
followed by roof collapse and/or raveling.  Ground water can provide buoyant support to the roofs of
subsurface cavities. Lowering the water table removes this support and may result in the collapse of the
roof of the sub-surface cavity. Collapse of an unsupported opening or void generally results when the
opening is enlarged beyond the ability of the roof rock to support or bridge the materials above. Raveling
or piping is the slow erosion of unconsolidated sediments into an underground opening.

A change in the local environment that affects the soil mass can initiate collapse and subsidence.
Water and its conduit to the rock are generally the most important aspects effecting change that result in
subsidence.  Lowering water levels is one of the most significant triggering mechanisms for subsidence
in a karst terrain.  Other changes that can trigger subsidence include an increase in velocity of ground-
water movement, an increase in the amplitude or frequency of water-table fluctuations, increased or
induced recharge, and induced differences in hydrostatic head.  Of lesser importance but still a factor is
the increasing of roof rock load.  The type and speed of change combined with the material
characteristics and geologic setting control subsidence rates and volumes.

Dam and Sinkho]e Chronology and Construction
Clearwater Lake Dam was designed and constructed in the early 1940s as a control structure

across the Black River.  During the design and building of the cutoff trench two distinct and unique sets
of enlarged joints were discovered in the limestone bedrock near stations 39+50 and 40+25 ¢igure 2).

Clearwater Dan, Missouri Page 3 March 2003
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Additional drilling suggested the
joints were extremely localized and
inferred to only extend several tens
of feet beyond the cutoff trench
excavation.  Based on the trench
and drill findings the joints were
filled with concrete consistent with
the dam building practices of that
time.

As part of a retrofit target-
ing seismic stability and seepage
issues, clay bems were constructed
in 1989 from the upstream toe of
the dam out 500 ft into lake (Figure
3).  Included with this retrofit was
the addition of a clay blanket cover-
ing the rip-rap on the upstream
slope.  This clay facial formed an
impervious lining on the upstream
slope that extended from the up-
stream toe up to elevation 575.

downstream
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Figure 2. Joints mapped during construction of cutoff trench.  Joints were
filled with a custom cement mix prior to placement  of engineered fill.

Routine operations and pool levels
were the rule through the 1990s and up till May of 2002.  During May of 2002 a record pool of nearly
566 threatened to discharge through the uncontrolled spillway.  During the summer of 2002 water levels
were drawn down from 567 ft to 500 ft, thereby returning lake elevation to normal pool operating ranges.

On January 14, 2003, project persormel working at Clearwater Lake found a 10 ft diameter by
10 ft deep sink near elevation 573 and location 39+87 (Figure 4).  A sinkhole of this nature and location
represented a threat to dam integrity and prompted a response by the dam owner.  On January 17, 2003, a
backhoe excavated the sinkhole down to an elevation of 548 where the diameter of the subsidence feature

Figure 3. Cross-section of dam diagramming construction specifications and layer geometries (figure provided by
Hartung, 2003, USACE).
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narrowed to 3 ft (Figure 5).  The
25 ft deep excavation was
backfilled with a clay plug,
returning the dam surface to
original grade.  On February 15,
2003, with the first sizeable rain-
fall (1.2 in) since the installation
of the clay plug came subsidence
of the clay plug (3 in around the
perimeter and 6 in at the center).
The backfilled sinkhole has been
under constant surveillance since
it formed with no evidence of
downstream seepage, upstream
slumps, cracks, or whirlpools.
Soils engineers describe the 6-ft
thick clay blanket covering the
upstream slope as being very
compacted, probably hiding the
void that likely formed during the
summer of 2002 and finally
collapsed in January, forming the
sinkhole.

Figure 4. Material cross-section of sinkhole peipendicular to the axis of the
dam. Dimeusious and material classifications are based on findings of the
excavation and backfill (figure from Hartung, 2003 , USACE).

The current working theory suggests the clay blanket installed in 1989 has redirected the flow of
lake rises and drops in/out of the pervious shell material.  Instead of lateral flow out of the dam as it was

Figure 5. View looking northwest from crest of dam.  Backhoe is process of excavating sinkhole
during late January 2003.

Clearwater Daln, Missouri Page 5 March 2003
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prior to placement, the clay blanket and bern cause the movement through the underlying residual
alluvium and possibility through the enlarged joints discovered and grouted shut during construction of
the cutoff trench (Figure 2).  It seems more than a coincidence the sinkhole formed directly between and
within less than 50 ft of the only major bedrock enlarged joints mapped along the approximately 2400 ft
expanse of this dam.  The void responsible for the sinkhole likely formed during the massive lake draw
down in the summer of 2002, but due to the strength of the clay blanket remained bridged until January
of2003.

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

earth properties, qualitatively incorporated into working subsurface models with ground truth provided
by observational data sets (e.g., drilling, outcrop studies, etc.).  Evaluation of dam and dike integrity and
internal structures complicates and usually eliminates effective use of many geophysical tools due to
layer geometries, conductive materials used during construction, utilities and operational workings,
depth of investigations, and resolution requirements.  Body wave seismic techniques have not been
extensively used due to survey costs and resolution requirements.  With equipment improvements and
technique developments and the wealth of information contained in the entire seismic wavefield @ody
waves and surface waves), seismic measurement or imaging data are routinely underutilized (Steeples
et al.,1995).

This applied research project will evaluate the applicability of several seismic techniques to
identify, delineate, and estimate risk associated with physical characteristics or properties of materials
within and beneath the Clearwater Dam.  High-resolution seismic reflection will be studied to determine
the feasibility of detecting subtle changes in the reflected wavelet-indicative of fractured bedrock-
ultimately resulting in a series of closely spaced subsurface cells for use in detailed mapping of core and
bedrock properties (Batzle et al.,1999; Berryman et al.,1999).  Multichannel surface wave inversion
techniques have proven capable of detecting anomalous shear wave velocity zones within and below fill
materials (Miller et al.,1999).  Surface tomography tests will rely on relatively straightforward travel
time delay techniques that could provide a corroborative representation of the intemal consistency in
dam materials.  Application of full wavefield techniques to the differential fill problems of this earthen
dam will likely provide key insight into and an increased awareness of areas with failure potential.

Program Components
Reflection

A properly designed and executed high-resolution P-wave seismic reflection survey should be
capable of mapping the bedrock and rock layers deeper and search for variations in seismic attributes that
could be indicative of changes in the integrity of the impervious core or bedrock anomalies responsible
for undesirable ground water movement.  For this tool to be successful it will be essential that we con-
centrate on:  1) generating high resolution (>120 Hz P-wave) signals; 2) optimizing spread deployment
and acquisition for 2-D imaging; 3) establishing the best equipment configurations and parameter set-
tings to maximize signal-to-noise and resolution potential; 4) correlating P-wave reflections with S-wave
imaged inverted from surface waves as well as with dam construction information and drill data; 5) in-
suring offset distributions appropriate for measuring the velocity from NMO curves and semblance
analysis; 6) integrating well-established shallow high-resolution methodologies and conventional
approaches; 7) tailoring processing flows to optimize the accuracy and spatial distribution of velocity
analysis; 8) developing an extremely accurate velocity function correlated to depth models from dam
construction records; and 9) mapping the 2'/2-D joint patterns identified during cut off trench construc-
tion.  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 resolution potential, interpretability, and signal-to-noise ratio will be
emphasized in the reflection surveys.  Two CMP profiles (Mayne,1962) will be acquired using two 120-
charmel fixed spreads designed to maintain the optimum recording window and image the subsurface

Clearwater Dam, Missouri Page 6 March 2003
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Figure 6. Site map with elevation contours, sinkhole, and planned locations of two seismic profiles (surface wave/
tomography and high-resolution reflection).

parameters, spread geometry, shots/point, and acquisition philosophy used to acquire the CMP profile
lines will be based on the results of walkaway noise tests.  Data will be initially acquired and processed
to delineate local irregularities in stratigraphy, structure, and material properties from bedrock down as
deep as 250 ft using state-of-the-art high-resolution methodologies and equipment.  once all interpretable
reflections are fully processed, they will be combined with surface wave, tomographic, and dam
construction information to develop the most representative subsurface model possible.

Data acquisition and processing for the 2-D profile data will generally follow well-established
shallow high-resolution data acquisition methodologies, emphasizing correlation with ground truth and
optimized velocity control (Hunter et al.,1984; Knapp and Steeples,1986; Steeples and Miller,1990).

Surf ace Wave lnversi,on
Surface waves traditionally have been viewed as noise in multichannel seismic data collected to

image targets for shallow engineering, environmental, and groundwater purposes (Steeples and Miller,
1990).  Recent advances in the use of surface waves for near-surface imaging have combined spectral
analysis techniques (SASW), developed for civil engineering applications (Nazarian et al.,1983), with
multi-trace reflection technologies developed for near-surface (Schepers,1975) and petroleum 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 and delineation of hori-
zontal and vertical variations in near-surface material properties based on changes in these velocities
(MASW) (Park et al.,1996; Xia et al.,1999; Park et al.,1999).

Extending this imaging technology to include lateral variations in lithology as well as void 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 (Figure 7).  Estimating the dispersion
curve from up to 60 closely spaced receiving channels calculated every 4 ft to 8 ft along the ground

Clearwater Darn, Missouri Page 7 March 2003
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surface enhances the signal and
results in a unique, relatively con-
tinuous view of shallow subsurface
shear wave velocities properties.
This highly redundant surface wave
method improves the accuracy of
calculated shear wave velocities and
minimizes the likelihood that irregu-
larities resulting from erratic disper-
sion curves will comipt the analysis.

Surface wave data will be
acquired on two lines straddling the
sinkhole as close as safely possible
(Figure 6).  Each profile will use
the same spread geometry and Figure 7. Shear-wave velocity contours at Alabama site.

pemit correlation such that 2'/2-D
volumetric representations of the shear wave velocity field can be produced.  With the unique require-
ments of surface wave measurements it will be necessary to use an accelerated weight drop source, low
frequency receivers, and a fixed spread with end-on geometry.  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.

RefractiowlTomography
Tomography has a variety of applications in the subsurface, including:  waste repository charac-

terization (Peterson et al.,1985), engineering studies (Cottin et al.,1986); void detection (Lytle and
Dines,1980); and in mining (Kilty and Lange,1990).  The simplicity of acquisition and computational
intensity make it especially applicable for velocity estimation using data acquired for surface wave or
refraction analysis.  Using this approach in conjunction with multichannel surface wave inversion allows
examination of anomalous features within the dam simultaneously with the mapping of compressional
and shear wave velocity fields calculated from body and surface waves.  Processing of data for tomo-
graphic analysis will use existing algorithms and standard methodologies such as algebraic reconstruc-
tion ¢eterson et al.,1985), curved-ray (Chiu et al.,1986), and transformation (Lo et al.,1988).

Data acquired for use in multichannel surface wave analysis will also be suitable for turnray
tomography analysis and the resulting designation of the compressional wave velocity field.  Using the
fixed spread deployment design along two parallel lines as suggested for surface wave analysis there
should be offsets of sufficient length and spatial sampling for adequate sampling of the shallow sub-
surface.  It is important that an appropriate number of rays pass through the sinkhole and surrounding
undisturbed area to construct a subsurface model with sufficient redundancy to allow confident interpre-
tations (Figure 8).  To minimize the non-uniqueness of the inverted refraction arrival solutions coincident
processing of surface waves and first arrivals will be the approach of choice (Ivanov, 2002).  While the

receiver and shot locations

Figure 8. Ray tracings from a site in Arizona.

Clearwater Dam, Missouri Page 8 March 2003



emphasis of this effort is on data collection and analysis, forward modeling will be necessary to insure a
thorough understanding of the principal features of the seismograms.

Uphole/VS P/Crosshole Tomograpky
Surface-to-borehole and borehole-to-borehole data should be considered for developing a high-

resolution 3-D image of the void geometry on future geophysical investigation.  Once borings are placed
into and around the subsidence feature, they can act to both confirm the surface seismic interpretations
and provide the necessary access to the source area for remediation.   Borehole seismic studies performed
in these borings would b e extremely useful in checking the accuracy of velocity field calculations and
measurements obtained from the various seismic methods.

Previous Applications of Surface Wave Imaging
Anomalous features at depths from 2 to loo ft (turmels, fractures, karst, pipes, subsidence) have

been detected using surface wave
analysis (Ivanov et al., 2000; Miller and
Xia,1998,1999; Miller et al.,1999,
2000, 2002; Park et al.,1998; Xia et al.,
2000).

1)   Cross-border drug smuggling
turmels were detected by anomalous
reflected and diffracted backscatter
enhanced by processing at the tunnel
locations (Figure 9).

2)   Dissolution features (karst)
beneath undisturbed alluvial overburden        a
were detected on shear wave velocity
profiles at a proposed powerplant site in       8
Alabama (Figure 7).

3)    Subsidence features in western

®

®
®
®
®

®
®
®

Figure 9. LMO stack with tumel location indicated by arrow.

Florida were distinguished on 2-D shear-wave velocity data and confirmed by drilling, despite being
obscured by houses and masked from other geophysical methods by power line noise, mechanical noise,
and reinforced concrete (Figure 10).

4)   A 6 ft deep steam turmel was located and its general shape delineated using surface wave inter-
ference analysis (Figure 11).

Figure 10. S-wave velocity contours at a site in
Largo, Florida.

Clearwater Dam, Missouri

Figure 11. KGS tunnel test on the University of Kansas
Campus.

Page 9 March 2003
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Operations plan
Experimental (Testing) Phase

Experimentation will focus on a series of tests designed to evaluate a variety of acquisition
methods and parameters.  These experiments will mainly consist of walkaway noise tests, which involve
recording data from a variety of sources into a fixed spread.  These data will be recorded on a 24-bit,
240-chamel Geometrics Strataview seismograph with a Stratavisor NZC controller and will likely take
around half day to complete.  The test spread needs to be located in an area with a uniform, relatively
undisturbed subsurface, far enough away from the sinkhole to avoid disturbances in the recorded
wavefield.  Considering the estimated and
confirmed locations of the joints and sinkhole,
testing will best be accomplished right of the
sinkhole (looking down stream) (Figure 6).

A walkaway spread will be deployed
right of the sinkhole just down slope from the
575 end of the clay veneer.  The testing will
include data recorded from source-to-receiver
offsets ranging from 8 ft to approximately 400
ft.  The receiver interval for this testing will be
4 ft.  The Rubberband Assisted Weight Iirop
(RAWD) and IVI Minivib high frequency
vibrator will be tested to determine source
characteristics for the near-surface conditions,
target depth, resolution requirements, and
environmental constraints (Figures 12a & 12b).

Data collected during the experimental
phase of this survey will be reduced to the
appropriate final display format on site.  The
final walkaway sections will be trace balanced
and displayed in a variable-area wiggle trace
format.  Surface wave and tomography test data
will be subject to overtone/dispersion analysis
and inversion.  Detemination of source con-
figuration and field parameters for the CMP
production lines, inverted surface wave shear
velocity profiles, and tomograms for each line
will be based on analysis of all walkaway tests.

Figure 12a. Rubberband Assisted Weight Drop  (RAWD).

Figure 12b. IVI nhivib.

Production Acquisition
Optimally, two sub-parallel profiles will be collected with both acquisition fomats that straddle

the sinkhole (Figure 6).  This orientation will provide the optimum subsurface coverage for delineating
the subsurface root or chimney of the sinkhole.  Each technique will focus on a different portion of the
subsurface.  A pair of 120-channel lines separated by about 16 ft will be used to acquire the surface wave
and tomography data and a pair of 120-channel lines separated by about 40 ft will make up the spread for
the reflection survey.  The two profiles will be approximately 400 ft long, each centered on the sinkhole
and mapped joints.  Based on previous experience, the IVI minivib will be the source of choice to acquire
the reflection data and the RAWD will be best suited for the full wave field (surface wave and
tomographic) data acquisition.

Sources and receivers plarmed for this study are keenly suited for this environment and recording
needs.  The minivib, a non-invasive high frequency vibrator, will sub 3 psi ground pressure for minimum
ground deformation and optimum mobility while providing over 4000 lbs of force at 200 Hz.  The
RAWD, on the other hand is a small, maneuverable, impulsive, non-invasive weight drop that delivers a

Clearwater Dani, Missouri Page 10 March 2003
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seismic pulse with a significant low frequency component to the wavefield.  For the reflection survey a
pair of 40 Hz geophones will be planted at each station and for the full wavefield data a single 4.5 Hz
geophone will be planted at each receiver station.  Receiver spacing will likely be 4 ft while source
spacing best suited for the target will probably be 8 ft.

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

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

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

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

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

inappropriate processing, and minimal involvement processing.  Intelpretations of high-resolution
shallow reflection data must take into consideration not only the geologic information available, but also
each step of the processing flow and the presence of reflection events on raw unprocessed data.  Process-
ing for the reflection portion of this study will include only operations or processes that enhance signal-
to-noise-ratio and/or resolution as detemined by evaluation of high confidence reflections interpreted
directly on shot gathers (Figure 13).  For the most part, processing of high resolution shallow reflection
data is a matter of scaling down conventional processing techniques and methods; however, without
extreme attention to details, conventional processing approaches will produce undesirable artifacts.  In-
field processing of the reflection data will result in a brute stack used to insure the data acquired are of
sufficient quality to provide meaningful interpretations and to permit the merging of the different modes
when final processing is completed several months after leaving the field.  h-field processing will be
coincident with data acquisition and will not impact the full day field schedules.

The basic architecture and sequence of processing steps to be followed during the generation of
the final stacked sections will be similar to conventional petroleum exploration flows (Yilmaz,1987).
The primary exceptions relate to the step-by-step QC necessary for the highest confidence interpretations
of shallow features and realization of full resolution potential (Miller et al.,1989; Miller et al.,1990;
Miller and Steeples,1991) (Figure 13).  Specific distinctions relate to the emphasis placed on velocity
analysis (Miller, 1992), lack of extensive wavelet processing, care and precision placed on muting, step-
by-step analysis of effects of each operation on reflected energy, limiting statics operations to maximum
shifts no greater than one-quarter wavelength of the dominant reflection energy with large correlation
windows, and coincident iterative velocity and statics analysis.
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Each analysis step in the process-
ing flow will be available for critique.
Any additional infomation requested
during the processing flow will be gener-
ated within a reasonable amount of time
(amount of time determined jointly).  All
digital information will be delivered on
the requested magnetic media (if readily
available).  All hardcopy displays of
analysis steps as well as any specially
requested data displays will be delivered
on 300 dpi plots.  Horizontal and vertical
scale on hardcopy displays will be set to
maximize the analysis potential of these
and existing data.

Production Processing Surface Wave
Processing of surface wave data

will involve only the optimum 30 or so
traces from each shot that provide the
most accurate results after MASW pro-
cessing.  These 30-trace gathers will be
analyzed with Surfseis (a proprietary
software package from the Kansas Geo-
logical Survey that facilitates use of
MASW for continuous pro filing).  Each
shot gather will generate one dispersion
curve and will be assigned a surface loca-
tion corresponding to the middle point of
the spread being analyzed.  Care will be Figure  13. Processing flow.

taken to insure that the spectral proper-
ties of the t-x data (shot gathers) are consistent with the maximum and minimum f-vc values
(vc is the phase velocity of surface waves) contained in the dispersion curve.  Shear-wave velocity maps
generated along each profile line will be optimized for resolution using several approaches whose pur-
pose is to maximize resolution and accuracy.  Wavefield maps will be generated based on optimized
source offset for depths of interest.

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

Two-dimensional Vs cross-sections obtained from MASW analysis will be used to generate an
initial inversion model for the tomographic inversion to Vp (Ivanov et al., 2000).  The initial model will
be iteratively optimized until the first arrivals predicted from modeling correlate with the actual shot
records.  Several inversion runs will be necessary using the initial model to converge on conditioning
parameters appropriate for this data set.

Considering the resolution requirements and redundancy in rays penetrating each subsurface cell
within the depth interval of interest, it will be essential that first arrivals be picked for all traces on every
shot gather.  Ray tracing clearly demonstrates the effect the proposed sampling distribution within the
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volume will have on the final velocity profile (Figure 8).  Frequency variable linear moveout and com-
mom receiver stacking will be evaluated to determine the method's sensitivity to scattered or reflected
surface waves.

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

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

and practices with particular emphasis being placed on velocity analysis, layer resolution, and reasonable
geologic inferences.  Based on the proposed acquisition and processing plan it should be possible to
coincidently interpret both seismic profiles, dam construction data, excavation logs, and corehole data in
such a way as to produce a pseudo 2`/2-D section of the subsurface at this site.  It is possible that the 3-D
expression of the sinkhole within the dam as well as the presence and correlation of the sinkhole to the
known enlarged joints on the bedrock surface maybe inteapretable from the combined data set.

It will be the intent of this survey to provide a volumetric interpretation of the subsurface
materials, loosely correlating major any disturbance in otherwise unifomi materials as associated with the
subsidence process.  Extrapolation of current known sinkhole volume (via excavation) beyond the survey
lines will depend on degree and apparent consistency of interpreted features on seismic profiles.

Overall Proj ect Goal
The goal of this study is to determine the feasibility of imaging and resolving material, structural,

and stratigraphic characteristics of the subsidence feature at Clearwater Lake Dam. High-resolution
seismic reflection and full-wavefield seismic studies will target key area within and below this earthen
dam, focusing on bedrock and the rocks below as well as search for anomalies that may be present within
the impervious core.  Surface wave and first arrival analysis will attempt to image fill material composing
the upstream cover of the impervious dam core above bedrock in sufficient detail to assist in the
development of 3-D model showing the disturbed fill relative to intact or undisturbed dam materials.
Ideally, these two geophysical tools in association with dam construction details and boring data will
allow the construction of a detailed model of the sinkhole and associated effected materials below what
can be seen on the surface of the dam.

Deliverables
Products of this feasibility study will be delivered to USACE at various times throughout the

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

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

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

Clearwater Dam, Missouri Page 13 March 2003
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Summary of Equipment, Specific Tests, and Timeline of Proposed Program

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

2)   Equipment available for testing and parameters selections
• single 4.5 Hz GS-11 Geospace geophones
• double 40 Hz L-28E Mark Products geophones
• RAWD (Rubberband Assisted Weight Drop) P-Wave
• IVI Buggy mount high frequency vibrator (15 to 500 Hz, 65001b peak force)

Testing will include :
• establishing source characteristics
• various source configurations
• geophone response and sensitivity
• number of shots to obtain optimum vertical stacking
• optimum receiver station spacing
• source power and offset
• pseudo-continuous walkaway with source offsets from 8 ft to 400 ft
• digital filtering

3)   Likely optimal design for surface seismic surveys:
a)   Reflection-P-wave: Vibrator (3 sweeps/station) 240 recording channels, 40 Hz geophones, 4 ft

receiver spacing, 8 ft source spacing, and rolling fixed spread.
b)   Surface Wave-S-wave & Tomography-P-wave : RAWD (3 impacts/station), 240 recording

charmels, 4.5 Hz geophones, 4 ft receiver spacing, 8 ft source spacing, and an end-on rolling
spread. At least two lines will be acquired centered on the

4)   Planned operations schedule

Mobilization/Demobilization
Travel, 1 roundtrip
Walkaway noise testing
2L/2-D optimized grid, data acquisition (surface waves)
2t/2-D optimized profiles, data acquisition (reflections)
Preliminary processing of 2 I/2-D data and briefing
Preliminary report
Reporting and final processing

ADDrox. Duntion
1 weeks
2 days
I/2 day

lday
lday
1 0 days
1 month
2 months

5)   Deliverables schedule:
• Site Safety Plan-first day on-site.
• Raw field data:  SEG2 format-last day on-site.
• Test data analysis and basis for field design-1 week after return from field.
•  Preliminary processed Vp, Vs, and CMP profiles for individual 10 days after acquisition

completed in field.
•  Preliminary Bgpg!± (including all data and analysisLl month after return from fieldwork.
•  Final Rcoort+after review and comment by USACE.
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in.      REspONslBILITIEs

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

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

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

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

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

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

5.     At least one gallon offresh water will be on hand at the beginning of each day for each crew
member.  An ice chest for keeping food stuff cold and an ice chest for medical use in case of
injury or ovetheating will be availal]1e on-site.

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

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

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

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

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

Safetv Personnel and Emergencv Contacts

1.     Rick Miller o£GSLsite safety officer

2.    David Laflen (KGS)rtyeratious

3.     Steve Hartung (USACELDelegated Representatives and site sapervisor
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINn                                  Company Signature

Site Safety Officer

Clearwater Dan, Missouri Page 18 March 2003



®

®

®
®

®
®
®

®

®
®

®

®
®
®
®

®

®
®

®
®

®
®

®
®

®

®
®

®
®
®
®
®

Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

TThefollowingpeoplewerepresenttoday:

Name /PRINn                                  Company Signature

Site Safety Officer

Clearwater Dam, Missouri Page 19 March 2003



®
®

®
®

®

®
®

®

®
®

®

®

®

®
®

®
®

®

®

®

®

®
®

®

®
®

®
®
®
®
®

Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINn                                  Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

I      Equipment hazards (safe use ofATV,1oader, augers, etc.)

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

The following people were present today:

Name /PRn`m                                  Company Signature

Site Safety Officer

Clearwater Dam, Missouri Page 21 March 2003



®
®

®

®
®
®
®
®
®
®

®
®
®
®
®
®

®

®

®
®

®

®
®

®

®

®

®

®
®

®

®
®

V.        EMERGENCY INFORMATION

Missouri State Highway Patrol

Wayne County Sheriff

1-800-525-5555

573` 224-3090

Emergency Medical-Ambulance        (573` 2234111

Clearwater Fire Department:                f573) 2234222

Lodging-Spring valley Resort:         (5 73 ) 223 -4440

USACE Emergencv Contacts

Little Rock District, U.S. Army Corps of Engineers
7cO West Capitol
Little Rock, Arkansas
Ph. (501) 324-5055

Clearvater Office
Ph. (573) 223-7777

KGS EmerEencv Contacts

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

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

KGS Safety Officer
Kathy Sheldon, Kansas Geological Survey

Office:   785-864-2109
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Emergencv Routes
(hclude road or other direction; attach map with routes highlighted.  To be filled out by Site
Safety Officer.)
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Coming from the East on Hwy 60,
approximately 8-10 miles from Elsinor
(circled on upper map), look for right
hand turn only onto Hwy 34, there will
be signage for Clearwater Lake.
Approximately 6 miles later is a left turn
only onto Hwy HH, then about a mile
turn right at the intersection with Hwy
HH?? This will take you across the dam
and Spring Valley Resort is downstream
about 2 miles on the left.

Spring Valley Resort (573-2234440) is
located on the right side of the highway
going to dam from the local town of
Piedmont.
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Procedures

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

Several members of the KGS crew have certification in CPR/First Aid through 2/6/01.  This
certification was received through participation in the "Standard First Aid" and "CPR for the
Professional Rescuer" programs presented by the Red Cross of Lawrence, Kansas.  These classes
are approved by the U.S. Department of Labor, Mine Safety, and Health Administration and meet
or exceed OSHA requirements.  OSHA certificatious are provided by EPIC Training and meet or
exceed 29 CFR 1910.120.

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

Certified in:       First Aid       CPR        40hr OSHA       Rick Miller

Certified in:       First Aid       CPR        40hr OSHA       David Laflen

Certified in:       First Aid       CPR        40hr OSHA       Joe Anderson

Fire/Exolosion:  Upon notification of a fire or accidental explosion on site, the fire department or
appropriate first responders shall be notified and all personnel shall leave the area.  Since only
Class "C" shotgun arrmunition 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
USACE demolitions personnel will manage and respond to any situation.  If class "A" explo-
sives were used, prior consultation and contact would be made with the appropriate emergency
raponsegroups.

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

P£!:!±±j!§:  All necessary and appropriate permits, fees, and licenses will be obtained by USACE,
with copies availal>le on-site for inspection by local authorities.
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VI.       TASK SPECIFIC IIAZARDS

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

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

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

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

IVI NIivib
The Minivib is a hydraulically powered vibrator designed to shake the ground in a very

controlled fashion over about a 4 to 8 second time duration.  The device is hydraulically powered
with no moving parts that possess an entanglement potential.  Energy is delivered to the ground
by this device through a hydraulically powered pad approximately 3 ft in diameter mounted on
the belly of the vehicle.  The pad is lowered from beneath the vehicle using the vehicle's weight
as holdrdown pressure.  The pad is vibrated by a hydraulic servo delivering frequency-varving
energy to the plate over a preset time duration.  No moving parts are exposed with the maximum
movement of the pet 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) AIL shields are to remaln 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 talke 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 harm if not properly handled and operated.  Good common
sense, training, and experience are the rule for seismic field operations.  These can usually be
easily accomplished if manufacturers' operating and use instructions are followed.

The field investigations will involve 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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VII.     ALCOHOL AND DRUG POLICY

The University of Kansas (of which the KGS is a part) is a drug and alcohol free work-
place with stringent controls and penalties associated with the use and distribution of controlled
substances and alcohol in the workplace regardless of whether it is at a remote field location or
on campus. The Uhiversity 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,
enforeement of policies, and penalties for violating those policies.

Policy on Prevention of IIIegal Drug and Alcohol Use on Campus and in the Workplace
The University of Kansas prohibits the unlawful possession, use, manufacture, or distri-

bution of alcohol or drugs by students and employees on its property or as part of its activities.
The 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 University property or
at University events shall be subjeet to disciplinary action in accordance with applical>le policies
of the State of Kansas, the Board of Regents, and the University of Kansas. For employees, the
University will take appropriate personnel action for such infractions, up to and including termi-
nation. Students who violate this policy will be subject to sanctions which include suspension
and expulsion from the University.

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

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

may also subject individuals to criminal prosecution. The University will refer violations or pro-
scribed conduct to appropriate authorities for prosecution. Kansas law provides that any person
who violates the criminal statutes on controlled substances by possessing, offedng for sale,
distributing, or manufacturing opiates and narcotics, such as cocaine and heroin, shall be guilty
of a drug severity Level 3 felony. For a conviction of such a felony, the court may sentence a
person to a term of imprisonment in accordance with the Kansas Sentencing Guidelines Act and
a fine of up to $300,000. Unlawful possession of a depressant, stimulant or hallucinogenic drug
is punishable as a Class A nonperson misdemeanor, with a penalty of imprisonment and a fine of
$2,500. Depressants include bafoiturates, Valium, and balbital. Hallucinogens include LSD,
marijuana, and psilocybin. State law classifies anphetamines and methanphetamines 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 uhiversity activities. Every year in the United States, over 200,000
people are treated in hospitals for drug-related accidents and mental and physical illness; another
25,000 die every year from drug-related accidents or health problems. Drug users can lose
resi'stance to disease and destroy their health. Drug tolerance and psychological dependence can
develop after sustained use of dmgs. More specifically, physical dependency, heart problems,
infections, malnutrition, and death may result from continued high doses of anphetanines.
Chronic use of narcotics can cause lung damage, convulsions, respiratory paralysis and death.
Dapressants such as tranquilizers and alcohol can produce slowed reactions, a slowed heart rate,
damage to liver and heart, respiratory arrest, convulsions, and accidental overdoses, because the
abuser is unaware of how much the drug or alcohol has been taken. Use of hallucinogens may
cause psychosis, convulsions, coma, and psychological dependency.

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

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

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

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

Definitions
The terin "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
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tern does not include the use of a controlled substance pursuant to a valid prescription or other
uses authorized by law.

The term "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 University recognizes that problems related to the abuse of substances such as

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

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

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

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

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

•    All employees, especially department chaixpersons 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 herjob 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
sNItost"ce-ahihrvse VITHOUT IDENTIFYING THE CONCERNED EMPLOYEE bedyite
attempting intervention with the employee.

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

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

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

•    If, by the date sct 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 pessible problem of substance abuse, 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.

•    Ifthejob performance remains below accepted standards and the employee has refused to
accept diagnosis and treatment, or has failed to respond to treatment, the chailperson or
supervisor should suggest that he or she use one of the oz7/!.our ai;cz!./c!b/e fo ¢#v e#€z7/oi;ee
wz./fe a# g.//#ess that interferes with job performance:
a.    Bez.#£ z7/a!ced o# s!.ck /eeve. This option is for those with accrued leave. It would allow

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

b.   Being granted a leave o_f absence without pay for up to tweive months. "is ciphonis
for classified employees, upon approval of the Department of Human Resourees.

c.    rofa.#p ear/v re".reme#/. This option is for those otherwise eligible. It is, of course, a
drastic solution for both the individual and the University.

d.   Resz.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.

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

AL.        Worklto:in.  Traf f i.c control

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

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

ControlMeasureseasures-Allpersonnelwillminimizeactivityalongtraffickedroadwaystotheextent
possible.  Traffic cones will be used to identify and buffer the work area with respect to on-
coming traffic.  Care will be used while working on or around driveways.  If appropriate, signs
and/or flagmen will be used to alert and slow traffic through the survey area.

8.        Work Item..  Accelerated weight Drop

; ::-i,``..`i ..`- :-r=:  ;Ht:?.i`. ,fr*`.= ..,..., :

The accelerated weight drop (AWD) generates
acoustic energy by accelerating a 50 to 100 lb weight
through a 2 ft stroke impacting an 1 8 in dianieter steel

it:.i    plate held to the ground surface by the weight of a skid-
steer style loader.  The weight is accelerated within an
enclosed steel guide.  The drive mechanism consists of a
hydraulic motor turning a set of sprockets that deliver
power to a cycling lift am that pulls the weight against
the resisting force of an industrial rubber band.  Simply

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

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

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

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

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

Case 1225 UniLoader.

C.        Work Item..  All Terrain vehicles (ATVs)

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

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

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

Safety Specifies:

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

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

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

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

ATVs shall be driven during daylight hours only.

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

Passengers are prohibited on ATVs.

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

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

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

IX      TRAINING

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

X.        PERSONAL PROTECTIVE EOUIPMENT

Personal protective equipment 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 reapiratory protection equipment.
Selection of PPE is based on an evaluation of the performance characteristics of the PPE relative
to the requirements of the site and the task specific conditions and duration.  The level of protee-
tion is upgraded when site monitoring or conditions indicate that increased protection is
necessary to reduce employee potential for exposure.

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

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

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

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

XI.       SAFETY ANALYSIS

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

XII.     ENVIRONMENTAL IMPACT ANALYSIS

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

XIII.   REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, FJ.rea!rrms S¢/edy.
DOEF\apoatDOEIEN106194-3,DOEExplosivesSofetyManual.
ID Appendix 0550, Sfa!#dczrd Opera/I.o#¢/ S¢/edy Reg#z.reme#ts, Part Ill, Subpart I, "Explosives"

From the United States Department of Defense:
DOD 605S .9-STD, Ammunition and High Explosive Safety Standards
AR-385-63 , Sof;ety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat

*When operating sledgehammer, slide hanmer, 30.06 projectile, and auger gun.
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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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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.        Cle aning

1.           Daily:

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

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

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

least 3 times a day.

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

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

1.         Assumptions

NONE

2.         Never  Do's
Move from downhole placement with shell in chamber
Gun loaded with no one standing on plate
With one person on plate
With knees locked
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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11ANI}ATORY     SAFETY    RULES     FOR    USE    OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun   is   powerful   and   must   be   securely   posi[ioned  when
fired.     Danger  exlscs   not   only  with   the   tullet   projectile,   hit  also  wlch   the
recoil   of  a   loose  gun.     Be   Sure   that  all  m6untlng   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  object.     If   the  gun  is   jamming  or   stick-
ing,   clean   it   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will  help
avoid   the   cohesion  of   dirt   and   sand   to   the   parts.

Operatloaal  Safety  Rules

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

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

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

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

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

6.      ALWAYS   double   check   safety   proc.edures.

7.      Use   cotnmon   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   b)its   are   Ci8ht.      Do   not   .force   C`[`e   gun   down   an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   siire   t'tiat   the   base   place
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   plate   '*.nen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

If   the   hole   t`a§   i`ater   ln   lt,   seal   the   muzzle   of   tl`e   gun   w.i.[h   [aite   or   a
balloon   to  keep   water   f con   seeping   iiito   tl`e   barrel.      Avoid   th.is   situation,    it-
possible.     Water   in   the   barrel   lnay   seriously   damage   the   siin  when   fired.
Injury   is   possible.

Surface  Hode

Be   sure   all  mounting   bolts   are   tight.     Carefully   procec[   the   breech,
trlg8er,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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OPEBATIONISAFEIY BULES AND BEGULATIONS
FOF3 l||E

AUGEF3  GUN

i /  , .`' / q z-

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

ODeration    and    Safety    Reclulations

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   jn   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.

1

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 Buffalo

John Healey, Joe Anderson, Richard Miller, Decln Keiswetter, Don Steeples,
and   Brett Bennett, KCLusas 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

:°:ipn`e;a=::Sg:ity:r:::r::,g:rugg/sCc°r::;:t=°dfthree
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  bammers,  malls,  and
thors).   Recer,. advances ill high-fi equency
engineering sources  have  come  predominantly  under
the  'gun' classification.   Development of a  downhole
shotg`in capable of generating a consistently high
frequency source wavelet with only minimal increase
in expense and effort over hammers, spurred the
shallow  seismic-reflection  industry.    Downhole
shotgun  sources  possess  significantly more  energy in

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

DESIGN AivD TECHNIQUE

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

The auger gun  consists of three main
parts:   power source (skid-steer loader).  auger/screw,
and modified buffalo gun (Figure  1).   The power
source for testing described here is a 25 hp. 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified  hydi.aulic auger that receives its
hydraulic drive power from the loader.   The buffalo
gun used for these tests was elongated to slightly over
2 in in length, is designed for bottom loading (as
opposed to the standard screw-on head), solenoid
firing, time break from a downhole sensor.   The
firing pin has  an  automatic (spring-loaded)  safety.
These  components  when  assembled  represent
approxima.tely 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 sui.face wit,h the weight
of the loader placed on  the plate.   The  hollow-st,em
auger flight is then screwed into the ground  using a
gaging device designed to ensure  the flight is  screwed
into the ground at a fixed rate and no material is
removed from the  hole.   Screwing the auger flight
:?.to  the gi.ound accoTnplisbes both .xceptional blast
contai;Lment  ancL  miiiii`.ial  residual  borelLoie.    After
the auger flight is securely screwed  into the ground
80+ crn, the modiried buffalo gun is loaded (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head,  through the
hollow stem auger flighting,  and seated into a sleeve
at the base of the auger flight.  Watei. can be poured
through the hollow stem  auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the firing pin or
with  an electric solinoid.

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

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

RESULTS

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

Auger gun and buffalo gun field files
acquired under identical conditions allows for
comparison of several key source characteristics
(Figure 2).  The amplitude of the data is noticeably
r:.gher with llie auger gun with vcrv little cliff?reiice
in the doininant 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  fillci.ed  files.   'rl`e
general characteristics of the 80 ms  reflection seem to
be consistent for both sources.

Amplitude spectra suggest the auger
gun produces  more useable seismic energy per grain
of explosive than the traditional buffalo gun (Figure
4).   Almost 25 percent more energy 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 buffalo gun.

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

CONCLUSION

The auger gun should represent a 50 percent
improvement in  acquisition rates  a.nd  recorded
reflection energy at most sites when compared to  the
traditional buffalo gun.   The auger gun is a
modification  of the oriorinal  buffalo gun design
(Pullan and MacAula.y,  1987), and at some  sites will
represent an improvement.   As with all  seismic
equipment  and  techniques,  Site  characteristics
dictate relative effectiveness.   One characteristic of
the auger gim 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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auger gun                              buffalo gun

Fig. 2     Auger gun field file (left) compared to the
buffalo  gun  (right).

containment
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
ground  position.   Modified buffalo-gun
portion of the auger gun is  not shown, but is
conceptually the same  as previously
documented (Pullan  and  MacAulay,  1987).
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auger gun                              buffalo gun

Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.

050 100                   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).



Do.i`l`ole   .50-calLlier   Rlfle---ao  ^dv.t`ce   ln

llLBll-rl.8oLucloli   S¢18i.I.c   Sourcea

Don   W.    Steel)lea,    RLcl`ard    D.    .1lller,    Ralph    W.    Kiiapp,

Kai`S.|s   Ceologlc.il   Survey.

SIJPunY

In   a   dtrecc   col.parlson,    the   downhole   .50-callb€r
selBfBlc   Bout'ce   produced   oo.e    sel6n)1c   energy,    a
broader   body-Wave   frequency   speccTiid,    an   aJBpll[ude
drop   Ln   the   air-coupled  vave,   and   .   hlghe[   doDlnat`[
i requency   o£   the   recorded   body-vave   energy   than   the
81lenced   Surface   .50-caliber   Source.     The   recorded
8elsq]lc   energy   of   Ct`e   dovnhole   rlf le   shoved   an
lt`crea8ed   aDi]1Lcude   of   6   Co   12   dB   over   that
recorded   by   [l`e   Bllenced   Burfece   rLf le.      The   donLL-
r`aoc   f requel`cy   of   cl`e   recorded   t'ef leccLon   el`ergy
veg   coi`slscer`tly   20   Co   40   Hz   higher   than   Che   Sur-
face   rLfle.     The   all-coupLed   vave   aapllcude   va8
dec[e4eed  bver   lz   db   by   Out)Outface   i lrlt`8   of   the
•Lf le.      The   frequency   8pectr`IE-of   the   body-Wave
I)ulee  vac   broadened   by   .ldio®t   a  half   octave  on   the
hlgt`   end.     The  e®fecy   of   opec.[1oo   of   the   eource   le
f`oC   codLprotB18ed.      Re£1eccote   vlth   .   doEalELAnt   fre-
quency   ln   exce®e   of   loo  1lz   can  be   ea®11y   ldeticlfled
oa   field   f llee   ac   depth.   of   la8®   Ch.a  30  a  u81bg
the  do`+t`hole   .50-caliber  tl£le.     Ideqclflc.[1oa  of
loo-!lz:   re€lecto[e   froo  I,loo  -13   po.elt.1e  oo   field
flleg   of  nul(Lple  vertLcelly   scacked  dotmhole   .50-
c.1lber   Bhoc8.     The  8ource  vlll  operate   lti  an
ef i Lclef`C   dLanner   colleccLf`g   CI)P   data,   coamon-of €sec
data,   or   ei)oc-correla[lon  d&Ca.

1NIRODUCTION

Ii`..r¢{"tni:   ei`vtroi`Ii`.encAt   and   englr`ecr[ns   appll-
--.IILo"   ur   rt![Lcc[loii   eeL8aiolog]/   liove   8pu[red
re8e.ircli   a.)d   developfbei`C   of   8hallov   hl8h-reFiolu[lori
rcrlt!cclu.`   tt!clmlqu..a   tii`d   equlit.enc.      Resolucloi`   ou
Cl`e   order   o€   A  oe[er   Le   rLece8eary   to  dc[ec[   ul[t'a-
eliaLlov   Corge[3   vl`Lcl`   are   generally   the   goal   of
•os[   e.`vlroimen[AL   `1i`d   engtrleerLn8   8tudtee.      Thl9
i(`creatlt!d   resolu[1on   carl   bc   ob[aLrled   by   boog[Lr`g
CI`¢    [[|.t|`ici`cy   o€    Cl`c   Source   i>ulse   vhtcl`.     In   Cu[n,
Li`c.ediae9   the   dorDlnan[    i requency   o£    Cl`e   recorded
seLsolc-[eflec[lon   cr`ergy.     Ceneraclng   the  l`lgh-
f reqiiel`cy   sel8raLc   source   pulse   nece88ary   for
6hallov   appllca[Lon6   hag   beer`   accoapllshed   Ln   a
®uL[1Cude   of   dLf fererl[   ways    1n   the   past    (Mlller   ec
al.'    1986).

Reccnc   selsd)lc   Source   advances   ac   the   KanB.is
Ceologlcal   Survey   (KGS)   have   aalnly   revolved   at.ound
surf ace   ii.ojectLle-type   6ou[ces   (SEeepLes   and
Knapp,    198Z;   Hlller   and   Steeples,    1986:    Seeber   and
Steeples,1986).     A   ,50-caliber   rifle,   tJhlch   was
designed   and   bullc   to   Safely   £1re  a   750-grain   bul-
Let   vercLCAILy   Lt`Co   tl`e   ground,    has   itiore    receri[ly
beeli   ada|iced   Co   operate   par[Lall}   under8roiit`d   vl[h
oALy   tlte   flrlng  apparatus   above   ground.      This   al-
loys   Safe   opeTa[Lon8,   a  lil8her-frequency   §ou[ce
pulse,   and   an   lI`crea8ed   signal.-to-nol9e   ra[lo.

E..?.I.t:.N..4.N.I!.:r.I.;ql.N.(.qg.I:.

Tli¢    I:(!iil`r..il    deslgi`   cence[s    droui`d    oi.Clml7.tnt..    Ct`e
culivcr.`lul`   til.    ci`i.r8y    I.roduci.tJ    by   a    .5u-c.iLllil.r
rtf le    h`ill``c    Into   seLsmtc    (acou6[lc)   va`/.es.       Tl`€

n]ajorl[y   o€    the   erier3y   produced   b/   a    .50-caltber
t.oul`d   goes    lnco   acceleractna   [l`e   projec[lle   and
lnco   exhau8C   gases.      Prevlou6ly,   vl[l`   above-ground
Sources,   we   have   silenced   and   dispersed   the   exl`ausc
ga8ee   ln  hopes   of   ellntnaclag   or  a[   least   greatly
reducing   the   ef f ects   o£   the   air-coupled   Wave   on
selgnLc   data.      The   dovnhoLe   ..50-caliber   rifle
i`early   81niulcaneously   e*cltes   the   earth   wlEl`   !i
projec[1le   and   .l[h   exhau8C   gases   .hlle   concalnlng
iaoot   of    the   all-coupLed   vave,    resul[1ng    Ln
lncreaoed   frequency   and   sl3nal-Co-tiolse   raclo   ol`
9el8dlc   record   sectLoris.

The   downhole   .50-callbec   selsmlc   source   con813Cs
of   a   .SO-caliber   rlf le   bolted   Co   a   0.6-ct.-chick
Steal  plate.     The   tlfle   lc8.elf   ls  a  8[af`dard   .50-
caliber   breech  and   bole,   bullc   by  Texas  Cult  and
Hacl`1ne   Coopany,   |cE4ched   [o   a   8Candard   .50-calLtie[
dachlne-gun  barrel.     Xachlned   grooves   li`   the   barrel
ere   ueed   ln   conjuAccloa  vlEh   a   pressure   clamp   to
•[[ach   Che   rifle   co  a  30-cn  by   90-crB  steel   plate.
The  rifle   barrel   ls   lot-ered   into.a  60-Co   80-cm-
deep   borehole   4   ca   Ln  dlafaecer   unctl   the   plate   ls
flush  wlch   the  8[ound  surface.     This   steel   place
acts   a6   a   ground   seal   and   a   plaEforn)   to   Stand   on
while   €1rlng   the   gun.     The  wel8hc   o€   the   shooter   oi`
the   plate   and   the   er`ug   [lc   of   the   barrel   co   Ct`e
borehole  uall8   help   Seal   Cl`e   guri   co   tl`e   gt.ound.
The   rlf La   can   be   equipped   vLch   a   source   8ensor   or
clofiurc   H.t[ch    [®   I;...`cr.ici`   ..I    tlmc.   hru;ik.       Ptrli`i:
ctin   bc   uoi`e   elclil.c   cLccirlc:`lly   b}.   si)lci`oW   ur
ri).il``I^lly    by     p`i`t(ni:    tl`..    rrli:I..i!I..        Tltt.    IIIwlili`i`c.     .SU-

callbc[   velglis   4boul   .i(I   tt;   .'iliJ    Lt;   €..]sily   l'.o-iit:rsiii`
portable.

L`ttE()Ul;NCY    ^Nl)   .|-J'l.

Tl`c   dov(`l`oLc     .50    c;.Llh.:r    i7L.uJ`i.:|.i    (rum    61.o    12    tlll

greacet.   reco[Jable   sets.`lc   ei`ergy   a:   equlvaler`c
offsec8    [l`an   Cl`e   silence.i   sur€acl.   .50   caliber   (tis.
I).      The   lnccea6ed    recocced   cf`erg;..   boosts    the
S18f`al-Co-noise   er`ou8h   Co   s\ibscdn:ially   clean   u|i
the   record   secclon.      The   source-co-closes[    geopl`orie
of fsec   ln   fig.    `L   ls   43   a.      Besides   :Ills   r`oclceable
increase   in   recorded   selsilc   energ:..,   a   cor`slscei`c
20-40   Hz    h(}osE    lrl   tllc   do.elnai`t    i re.:`Iei`cy   o{    Cl`c
Source   wavelet    ls   cl`#rdccerlsclc.

[n   previous   shallov-soijrce   co.|p6:isor`s   (.tiller   ec
al..1986),    the   surface    .50-callbe:   iier€oraed   com-
parably   [o   Mlnl-?riaacord   and   ,1   lo-3ause   Buf falo
gun   ln   I.otal   energ:f   an`I    I-rcq`iel`cy   s?eccrufE.      Tl`e
noted    Lncrea8e    La    fret|ueRcy   .ii`Ll    cr`er6y   Would   in.-`ke
the   do.Whole    .50-cal[be[   rlcle   co.fp`irable   co   C``e   8-
gauge   But falo   gun   which   vas   ,in]ol`g   :he   best   sources
Cesced    for    refle::loo   e:I.er3y   ve:sus    3rou``d    roll,
Cocal   energy,    ai`d    Eceq.iency   col`cei`:.

S^1.`1:'L'Y

S`,I.|`ly    lil,u,,1J     h .,,,      11 ,,.,, 1 ,,,,,,, 11 ,,., `:1.,.,,     i"    ,,,,, '
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2                                                                                                                                        I)ov``l``iL`i     .50-CAllhor    t`Lf  lc

mou.`ted   on   a   0.6-cm-tl`lck   flceel    place    [o   iiriiccc[
[l`e   oi}c.,icor   f ron   ft'agaen[8   md   Co   help   hold   [l`c
I;`ii`    nit`..`Irl.ly     li`    I.li`ci..        .tiLI`cu     Cl`c    projcccLlc     lil
I lr¢d   frolti   a   bolt   and   bteecl`.    orlglnally   dealgned
as   a   scnl`d,ltd    f lrearm,    [l`e   u[mos[    1n   onfety   has
•l`rc;..ly    lil.cn   dt!fllg.`ed    tnl:o    CI`e   nccual    f lrlnB
mcclil`i`18 .... I.I.a    I)olc    ti.`d    brcecl`    manu[dc[ucur
desLgned   the   dpparacue   doc    Co    fragc]enc   even   Lf    tlie
t)arrel   vac   con.pl.e[ely   obB[ruc[ed.      The   bart'el   18   1n
tltill``Ii`rtl    unu    by    [l`e    U.    S.    mlllcnry    o.`    .50-caLlt}cr
aacl`lI`e   I;ui`a.      TI`e   e*Cra   chlckne8e   of   a   aachlne-gull
barrel   eerveo   [o  dlaelpA[e  heat   at`d,   eepeclally   ln
our  case,   pro[ecc®   f ron  blow-out   1f   forel8n  qacer-
1al   8ete   lnco   the   b4rTal.     Thle   rea[eg   con[lI`uou8
operacloi`e   e®fe   ®t`d   coli®L8tenc.

CASE    STUDY

SLlenced   Surface   .50-callbet.   v8   Dovnhole   .50-
caliber.

The   dLr.t!cC   con]parLeon   of   Cl`e   eurface   n``d   [I`e
dovi`hoLe   .50-cellber  rlf Lee   vac   pe.fo[ned   near
WLnct3r   VarL,   Colorado,    1ri   an   .[CetBpt   [o   dececc    Clie
Moffac   railroad   tunnel,   es  Ii  tielov   the  ourf.ce.
The   recelve[e   vere   ®1ngle   LOO-H2   8eophot`ee   vlch   a
I.2n  eEa[Lon  lflce[val.     TI`e   .outces   vere  43  I.   froo
Cl`e   cloee®c   [ecalver   et.[1orL.     The   reoul[1n8
recorded   field   f lle.  plocEed,   u.Lf`g   true  eopllcude,
clearly   Bhov  the  lncreaeed  al.plttud.  and   the
lt`creaeed   .18nel-[o-I`ol8e   [.[lo   of   the  dovnhole
rLfle   a8   cod)p.red   Co   the   ®urface   8ource   (fl8.    I).
A  glaring  dlf €erence   le   the   ab®eT`ce   of   elf-coupled
vave  ofi   the   field   f lle  ueln8   Ct`e  do`mhoLe   [1fle.
The   frequency  dl£feref`ce   le   obvious   on   the  aitipll-
tude  Spectra   (fig.   I).

I)ovnl`ole   .50-c411ber  Field   Fl.lee   and   S

The   dovnl`ole   .SO-caliber   rLfle   can   produce   a
8ource   pulse  vl[h  a  doalnanc   ref lecclorL  frequency
ln   exceae   of   180  tlz   (fl8.   2)   vhen  used  vlch  acolo8
lov-cue   i ll[er®   that   t`®ve   a   ~J   dB   poLnc   of   2ZO   t[z
.|i`.I   n   24   du/octave   roLlof f .      Clean   -LnLnuq.-phaee
rt!€lec[1oi`  wavelec®,    eaglly   li`   excess   of    150   llz,
can   bc   ldei`Elf Led   dovn   Eo   270   aaec   dlreccly   off    [lie
€l.eld   €1le   (£1g.   3).     The   Bpectrun   of   the   refleecor
AC   85   oscc   Ls   oloio8C   J   occave8   ®cro6s   viEl`   corner
frequencies   of   40   and   Z90   Hz   (fig.   ]).

The   dovnl`ole    .50-caltber   [l£1e   has   r`oC   only   been
pfovt!ii   [o   b¢   a   useful   ehallov   hlgli-regoLu[Loi`
ref lecclon-selgmlc   eource,   1t   alao   poe8esses   the
capabllL[y   Co   perietrace   ae   ouch   ae   i,LOO  fB   of   eedl-
mel`Cary   veneer   ove[1aln   by   15   Eo   30   a   of   weathered
alluvium   (fig.   4).     Tl`e   re€lecclon   ac   720   fli8ec   on
the   £1eld   I ILO   19   Arbuckle  doloplce   ac   a  depth   of
I.too  a   ln  ce``Cral  Kansa8.     Thlo   elghc-8hoc   8Cack
•ag   recorded   wlch   30-tlz   low-cue   €1l€er8   and   ten  40-
l]z   geophoneg.     The   doi.lnanc   frequency   of   the
re£Lectlon   efiergy   19   about   loo   H2.
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Downhole   50-caliber   F3ifle
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FIG. 2._ This  Single-Shot  field  file  '+/it:ri  an  AGC  apE,lied   :1lustrates  the  high  frecTui=ici€=
and  therefore  the  resoluEic>n   easily  obta.ir`abie   .~`==h  a.dovmhole   .50-cal.
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FIG.  3.

85  msec  Beflector  Wavelet

Amplitude  Spectrum

250                  500                  75.0                 1000

frequency   (Hz)
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Eight   Shot   Vertical   Stack

Downhole   50-caliber   Bifle

20  meters
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MATERIAL
SAFETY DATA

EMEF`GENCY  PHONE  1.BOO-OLIN-911

SECTION  I  -lDENTIFl.CATION
CMENIC^l N^WE . SYNONYWSIndustrialAmmunition  8  Gauge        ( Small   Arms   Armunition)

Cr{ENIC^i F^Nlit FoftNuu TFl^DE  N^NE

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

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
PF`EC^uTIONS TO  BE TAKEN  IN  t1^NollNG AND STofL^GE

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

PfloTEctlvE EOul"ENT vENTiLILTioN  REOumENENTs

Ey..                Safety glasses or goggles Local mechanical exhaust
ci®v..              None necessary ventilation recommended during
clth®r                 Hearing protection recommended confined space discharge.

during discharge

sEerioN  ill -HAZARDOus  iNCREDiENTs

B^SIC "^tERl^l                                                      °±WL^                    LO cO                   lc so                      SIGNIFIC^Nt EFFECTS

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

SECTION  IV -FIRE  AND  EXpl.OsloN  HAZARD  DATA
f`^SN POINT         Not OSH^ CLJ`SSIFIC^TION,,,- Fl.^WN^EllE  I      |OWEl)      I      UPPEf`

EIPIOS'VE - -NEtt.OD               A I)I)lion hle |'WITS
EXT"oulsH"c Mibl^                              Deluge wit-h water,  material is self-oxidizing.   Flood with Water

to  fifrht  fiT'e  Find  to  I?r}ol  .<hell=_
SPEcl^l FIFIE  HAZ^f)D &  FIFIE  FICNTING  PROCEDUFIES

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

SECTION  V -HEALTH  HAZARD  DATA

THFtEsliloIO llNIT V^luE

None established. (lnot`ganic  recm. std.-air:   TWA  0.1S  "r (Ph)m3  (Acr]TH  1984-85)
syNPTOws OF OvEf` Exrosuf`E

Eye irritation, fatigue, disturbance of sleep.
ENEFtcENCY  Flf`ST.^ID  PFIOCEDUF`ES

§klw Contact of skin with shells presents no health hazard.

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

'WGEST'ON
Ingestion of shells not a possible route of exposure.

Remove victim  to fresh air.
lwH^uTION



SECTION  VI.ToklcoLOGY  (Product)          (Slilall   Ams   Armuriitl..t`]n)

ACUTE  OFl^l   LO 50 Not applicable c^nc"ocENicm       Not carclnogenic
MUT^cENiclTT               May  be  mutagenic

^CutE oEnw^i iD so
I >  2  g/kg

EYE imlT^TloN              May  be  an  irritant
pnlM^ny sKiN imlT^tiow                      Not  an  irritant

ACUTE INH^LI^tloN  IC 50 Not known

Pf`lNCIP^l f`OutES OF ^EISof]PTION
lnJialation, dermal

EFFECTs oF ^cuTE ExrosufiE
Fatigue, disturbance of sleep, eye irritation.

EFFECTS of cHnowic ExrosunE        ^nemla,    Central nervous   system   aepression,   toxicity   to   kidneys,
reproductive system and fetus.

SEaloN  VII -SPILL AND  LEARAGE  PROCEDURES  (Control  Procedures)

^cTioN Fofi N^TERi^i fiEiE^eE OR splu
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Follow
OSIIA     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 all contaminated clothing before reuse.

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

TRANSpof`TATION  EMERGENCY,  CONTACT CHEMTREC 600L42®.93cO
WASTE Dl9POS^L NEttloD

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.

SECTloN  Vlll  -SHIPPING  DATA
a.a.T.cLAsS                                              Class c Explosive        OI"-D

sECTioN  ix . REAerivlTy DATA

sTAeLE           x   uNst^eLE           ^T               oc                    oF H^Z^.DOUS ||^y Cx=Cun-- roi`riiE.izL.Tiow WIILNOTOCcuf`     X

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

"cowp^TI.ILitt iM|`.nll `o ^void}             Acidsi alkalis, Oxidizing materials (contents)

H^z^Roous DEcoNposlTloN pcooucts             Lead fume,  carbon  monoxide

SECTION  X -PHYSICAL  DATA

wEiTiNG roiNT             N/A v^ron pnEssunE                N/A VOL.Tl lES                                     N /A

BollINC POINT soiuelLltt lN w^tER         N/A Ev^roRATioH RATE                     N /A

ispECIFICGFI^Vltt  (N,O.1|         N/A pN                                               N/A v^pon oEwSITY l^li.1l             N/A

iNFoi]MATION  FUBNISHEt} BY:                  C.  C.  Noonan
(203) 789-5436

1475

DATE         November  16,1985

D®partm®nt ol Envlronm®ntal Hygl®n® and Toxlcology
(2o3) 789.543e

olin  cORpOF`ATioN
120  Long  f]idg. Poad. Slamlord, Conn®cllcut 06904

0CEAN®   N®twork
EMERGENCY  PHONE 1-BOO-OLIN.911
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M.a|erial inloty Data §h.cot.     .
W.y I- `Il.I to chr ulth
Ostt^.. lhard a~ilhalth. Slanddy
29 CFf) I.10.12cO.  Stlndoul r"isl t-
c"14d kr q.cue .gut.in.ntL

u.S. Department ol I.bar
Occiip.lion.I S.I.tv .nd Ilo.Ith Admlnlllr.tlon
(Non-M.rid.tory Fom)
Form Appioed

OMB No.1218cO72

FJI
®®mTI Qu l}..a a. I.b- .ra I.I.®

All  Shoteh®1l  Amunltlon
Nunerfu"ra„,rfu,-b#LELTgrS=%F=#rTE#h=

Sedkm I    .. -smll  Arms  Aminltlon-
Woudunr. ho Em.oenc)/ T*phon. hl`imb.I

ReninqtoTI  Amg  Co. ,   Inc. (Sol)  .   676-3161
^dam Olrnb-. Sbe& C\/. St.\ end ZV> Cod.I T®leption. Nlmber tr. tnlorm.tlon

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

Lonck®,  Ark.ansa.        72086              .    .    `               ..
00'® P'vyd`      8-12-86    .

.,, Siqt\\\\It. ol Pnp.I- ObttonQ
tJ.C.  Bell,' Chen  I,ab  -Technical  Section

S.ctlon I - MlzudolJ. lnqfodl.I`tt^dontlty hlomatloll

ltrnde`.. Ccfii:afi==i cp.clAc chirnlc.I le.nln( Common N.in.(.»        Ostl^ Pet             Acalll TIV            F`emm.riod           ` I
I.Cad.,   Inorganic  and  i.Cad  coupoundg -                     50mg/M

ArBenl.c  and  cofDpo`ind®

AntlJnony. and  ccmpo`ind.
Bariun  and  coBqund®

500  ng/tt-
5oo  ng„3.

tlltroglyerln  (O.o5  rm  utin)  500 BLlcrograns/M3  of  air

DOT  -  "Small  Amg  Aminltlon"
Cla!. C  Explo.ive

tJPS                 O"-D

S.ctlon Ill - Physlc.I/Ch.mlc.I Ch.nct®rl.tlc.
edno pen                                 . s%g9plplltfi:l

Not  applicable
Vapor pmu. (mri. No.I     . qu Polnl«ot applicable Not  applicable
Vpr try pe . '' EL~irqwoTAPELi.caL[eNot .irllcable
SaLtxp h Wu

I.Cad  (  I.ead  Styphnate  -  Insol`lble|   I.Cad  Nitrate  -  127  gin/100cc  Water  -  100®C
arm ul cbe

Crayleh,  Gray,  §1lv®ry  14at®rlal  i  tlo  odor

S.ctlon rv - in. .nd Eiplo.tor. N.zlrd D.I.
Fwh put quad udy FL-LM UE| LJE|

Not  applicable Not  applicable »A WAEd-wh
Material  le  .elf  oxldlzlngi   flood  vlth  vater  to  £1ght  fire. dmd  cool  Bhell..

Spdl Fh Fquhg Poe.d`m  .

un#eiFi"4#iHi?tor#e when exposed to fldD. and high tenperaturee.
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Sedlco V - n..c'h,rty D.I,
Stdit, Urt- Candiuou®^"       Planes,   sparks,  percussion  or  shock  and  l`1gh

Such
X texperature8   (130®C)

Iocomp-tlb«lt7 W.lat./i /a Aral®  .. Strong  "1neral  acldg  end  alkali.
IAz]itho obldtbw Bytrd"   oxid®B  of  carbon,  nitrogen  and  lead  fopeg.

rqQ- W,, Cho ~to^ed      Heat,  £ire,  static,.  fr|ctlon end peroug810n.
W" NI Cky

X

S.ctJon VI - Ilo.Ith Hazard bet.
f".) ol Entry:                    lrnd.ldr7     puneg                      Sth7   cuts  or  abrasions  -fREtrl?clog-H-Fn## `#igTElengctorla ,  efroryotoxln , mlnutrltion,weakness,  mental  confusion, allor -

treat  per  general  lead  expos`lrei.  headache  and  nausea

C=±ifi==ia::g-in   ,               Wpt                                           ue we``OO'-P'`"                          °SM Aequd'   Lead.  yes

Sir.edsy"-OIE-"     '     f`efer  to  health.hazard above.          `

L- CartJ"
Giiiie=jF Aoqr.rued try Eee- GastrolJ`testinal  tract) kidneys,.  blood  and  central  nervou.

System.           (CINS )

Ejii±Fi6iici; .nd Fld Ale Piiffim Skin  -  flush  with  vater|   if  8walloved  seek  tnedical  attention

inedlately.
S.ctlon Vll - Prec.utlon. lor S.I. H.ndllng .nd ue®
a.a.. a. Ton A c... W.hl to F!ele._.ed or spilld                                                                                                    +

tJse  non-sparking  equipment  to  cleanup  and  store  shells  -avoid  i.gnjt.ion  sources.

rratH1¥ _b_e  burned_ per 'appr_opriate  £Fderal.,  state  ??9_ !ec?1 _reg_ulator¥agen±][=
contact

hc.don. 0 b T.h.Il A l1.ndno .nd Stewhg

Refer  to  rel®aeed  or  epllled  datd: abo`/e.
tw P-ho

Label  containers  -  "Sfhall  Amg  Armunltlon"  Year  gloves  and  ghrapr.el  protection.

S.ctloo Vlll - Control W...ur..
nddrtry m~ /Srty rum/               osm    §A/f]1E/SCBA

1ng  cartrldg®8.c]^.. put.c`h. clc*hino tr Eq¢=jfiiii;i UBe  hearing  protection  when  discharg

i±?_ci:iP-a v,a,a: ,-.,, I-,„ ,,,, I,
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MAmIAL sAFFTp DATA siEEH

SMAILAmzsAlnrmrmoN-REIE&rrmLAMhmmnN
Fedeml Cartr=4ge Coapany

900Ehame
Amka, hthescta 55303

mm        6EL323+2300
FRODucT SRVlcE:  612er3706

FMmGENor HONE NOMEm  Goo-424+gsoo  cEmmEo

ha]c Dates  Tal]nary 4,1999

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

sECThoN fl - mormon IDDtT"ICAT]ON:
moDuor FAELT

Centedre Metallic canddge           .     The Following:

. 222                 a .30-30Winchgiv .300 Savage

.22-250                 n .32 Autonrafic .32 Winchester qu

. 223                 n .32 S&W try .338 Wiinchester htryun

6rm .32 Ere Lfaun .35n

.243 Wmchester .380 Autondc 8rm h4apscr

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

. 25di Remington .357 unum .280 kerfugton

.270 Wnehester 9rm huger Auto 7-30 Was
7mm Remington lfagnum 9mm Bun Or-822) 7.62X39 Soviet

7nm Muscr 9rm Fedeal .303 British

.3cO Winchester hfagnum .41 Em xpun .375 Ham htryrm

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

.30ut ftyringfidd .44 Ere ftyun .458 Winchester hfagftym

.sO ± Cafoine .45 Automfo .416 RIgby

.25 Autonrafro .45 Cdlt .470 NTito Expas

lorn Autgdrfu 9rm Stbsoric •38 qu +P+
AfJS8£NI 6.5rs5 swedish 7X64

5.56 hited Range 9rm rmted Bnge .38 Special +P

356 TS&W .270 wfaflrdy ngun .3oo Weafroy Mfu
7- Wtafltoy Mgiv .357 SIC .38 fry
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sECTloN # - cHEhncAL coMrouNDs:

crmncAL cOMrouNDs

GAS NUREER
TWA UNLuss OIHERVISE NOTED

OSRA PEL ACGH TLV

Bullet - nd orILeadcore 7439L92-1 •05 mg/m3 .05 mg/rf

Cqpper Jalife 7440-50-8 1 mg/m3             Fume: 1 mg/ms           Fine:
• 1 mg,m3 •2 mg,m'

zinc  (As zinc onde) 7440ee 10 mg/rf (5 mg/m3 10 mg,m3
1314-13-2 as rgivle dust)Fume:5mg/m' Fume:  5 ng/in.

Tin 7440-315 • 1 mg,m3 2 mg,m3

Nyclnd Ccathg Not Ethuched NotREmed Nct Ethiiched

Cinridge Can -Brass,(AsZinc&Copper)(SeeAbove)

Niekal Plated Brass(AsNickel) 7440uno 1 mg/in, I mg/rf

Ptopeuant -Nirunulose 9004-70J) Not Erfuhied NotELrm

Nitroglycerfue 55<30 2 mg/m3    Ceiling 0.46 mg/m3   (Skin)

Graphite 778242-5 15 mg/m3 (5 mg/m3asreapirabledust) 2 mg/rf

Phier - haStyphmte(As I.Cad) 12403-82-6 •05 mg,m3 •05 mg,m3

Binum Nitrate (AsEndum) 7440-39-3 •5 mg,in, .5 mlalul

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

Aluinun 7429-90-5 15 mg/m3 (5 mg/m3astequledust) 10 mg,m3

2

•:,i:ji:iij::a?:
:  ','`:=3!:`1.I..-.
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EFINrn        oF ACRON¥nas

OSHA PEL:      Occupational safrty and llealth Administndon's pennissible Exposure linit.

ACGH TIJV:    American conference of Govcmmental Industrial Hygienists' Threshord
Limit Values.

TWA:                 Time wtighied Average.

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

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

CAS :                   Chendcal Abstracts service number.

sEclroN #3 - myslcAL DATA

froihig point:
rmth8 Pcht:
Vapr Plessue:
REty:
Solubfty Ovater):
Evapomtion Rate:
Percent VokLffles:
Vapor Denrty (Air = 1):

Appcarmce:

Cider:
Ck]or Threshold :

Not Appncable
Not Amlicalble
Not Applieatle
3. i - 8.0 grams/cc
None
Not Appticable
Not Apprcable
Not Appncal]le

BIass or nickel plated brass case with plastic,  lead,  Copper jackceed
lead or nylon clad lead bullet.

None
None

SECTION #4 - FinE FIGHING & Fin.osloN DATA:

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

Fire & Explchon Hfaznds:

Ethguishing Media:

Not Appucable
Not A|xpticable
Not Applicable
Not Applichle

May ignite if heated to 250 degrees F,  independent of air.
Unconfined  ignited  cartridges  can  produee  low  wiocity.
metallic hagzpents which may cause eye injury or sixperfichl
sldn wounds if upprotected by  standnd fireLfighter aimout
gear.

Water
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Special Fie Fighting hstnictions:       Wear full fire+fighter protedive gear irfuding face in or.,.  `L;
SCBA.  Use wide fog panrm nche to stag any tow velocity
fraglrmts.   Use rm8er to cool ndinary combustibles below
igrifron temperate.

sECTroN rsA - Expost7RE & EFREcls - INHAIATroN

RouTE OF ExrosuRE & EFREcrs - INHALATION

Acute:              Inhalation of gases and particulaes produced while ffing ammunition may result in
mild throat, eye, irmer reapintory and lung iritafron.  The irfuit effects may lead
to lung symptoms such as bronchids.  An over exposue to gases or partioulates dray
also  cause:  anemia;  nelvous  aystem  symptoms  which  may  include  irritatifity,
headache, restlessness, fatigiie, muscle wca]mess, muscle trmor, convulsions, loss
of memory,  visual and  hearing distlnd]ances,  loss of coordination;  gastointestiml
effects sock as vomiting, colie, diachea or constipation; drulatory aymptoms such
as a dray in blood plessule; xpreduchve effects including findlity problems, birth
defeats, nriscaniages and possible kichey damage.

Chronic: Holonged  Iapeated  over  exposure  to  fired  cardidge  gases  and  particulates  may
result  in  elcrated  blood  lead  levcts  and  elevated  zinc  protapopdyrin  levels.
Symptoms of chronic overaposure to lead may include: anemia; led lines on the
gums;   nervous   system   symptoms   which   may   indude   irritabmty,   headache,
restless[iess, fatigue, muscle wealmess (1.e. wrist drag), muscle tremor, convulfrons,
loss    of   memory,    visual   and   hearing    disturbances,    loss    of   coordination;
gastrointestinal effects such as weight loss, vonriting, cdic, diarrhea, constipaton;
circulatory  symptoms  such  as  a  drop  in  blood  pressure;   oaproduchve  effects
including ferility problems, bith defeats, miscarriages and possible kidney damage.

If acute or chronic symptoms should appear, contact a physician.   Blood lead and
zinc pro€apoxphr]m lends are recommended and should be monitored as per OSHA
1910.1025.

First Aj,d:         Remove person to fresh air.   Seek medical attention.

SECHON #58 - ExposuRE & mFEcrs - SKIN

RouTEs OF ExrosuRE & EFFEcls - SKIN

Acute:              Eemental and inorganic lead compounds ae not absofoed through the skin.  Cthin
organic lead compounds, however, can be alDsolbed throuch the skin.

chrfuc: Elememal and inorganic lead compounds are not absnded through the skin.  Certain
onganic lead compounds, however, can be atsofoed through the skin.

First Aid:         Wash exposed areas thoroughly with soap and water.
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sEonoN #se - ExrostHRE & mFEcrs - EyEs

RI}uTEs OF FrmstnE & EFEcrs - EyEs

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

Chronic :           None lxpor8ed

First Aid:         Remove person to fresh air.  If forign body is suxpected, wach eyes in ficch water
for 15 minutes, contact physician.

sEclloN #sO - ExrosuRE & EFFECTs - INGusTION

rouTE OF Exrost7RE & EFREcrs - INGEslroN

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

chrfuc: Chonic ingestion of lcad may occur from poor persoml hySene assodated with the
handling of lead bearing matedals.  The effects of lead ingestion would be sinilar to
those listed under chronic inhalation.

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

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

sECTroN #5E - EicosuRE & EFREcls - cARclNOGENEsrs DATA

N.T.P.             No

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

OSRA:             No

sEclroN #5F - ErmsuRE & mREc'Is - coMMENrs

I.cad and barium ae toric metals, which may be rehased during the firing of modem armurifron.
Care should be taken in the cleaning of range fatalities to minimize the aposule potential to lead
and barium.  Persons engaged in these activities should wear protective clothing with an apprapriate
leapintor.   Range operators should consult OSEIA 1910.1025 for details pertaining to the handling
of led in the work environment.

Severe  lead  intorication  has  been  associated  in  the past  with  sterility,  aborion,  and  stillbirth.
Mrfu infomation confining that.lead poisoning affects birth rates or causes injury to tire fuis
in man is not conchisive.
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SECTroN #5G - AGGRAVAmoN oF REExrsTING REAlim coNDrmoNs

AGenAVATroN To mnFRETnTG REAI;IH cONDmoNs

Exposure to lead can aggravate preexisting anemia,  cardiovascular and dyratory diseases and
conditions related to the gastointesthal, reproductive, renal Qidney), and central nervous systems.

Reference:       hdustrial Toxicology, Safctv and Health Applications in the workplace:
wimamsre.

SECTroN # -REACTTvrr¥ &        vMFRlzATloN

Stabifty:

Conditions to Avoid:

Incompatle bfatds:

±dous fromposition
hfatrfus:

Polymerizalon:

Stable under normal use conditions

hdividual caridges  may  ignite if the primer  is  stmck or  if the
cartridge is exposed to excess heat

Oils, acids, Alkalies, Ammcha, and other corrosive matedals

Oxides   of  Barium,   Iead,   Antimony,   Aluminum,   hfagnesiun,
Nitrogen,  Calbon, and Sulfur.   I.Cad and Andmony fume may also
be pnduced.

Win not cecur

sEclroN w - sinus, uIAKs & DrsrosAL pROcEDUREs

sTEps To BE TAKEN.-sml,s:

Avoid conditions detailed in Section #.  If container should ruptLire, place au loose cartridges from
broken shipping cases into a sturdy container.  Seeue container carfully.

Waste Disposal Mthods:         Contact Mnufactuer -Product service (612) 323-3706
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SECHON # - SRECIAL moTEclrvE EQulmmIT

Ventilation:                   Use  in  a  wch-ventilated  area.     Consult  the  currmt  addition  of ACGnl
Industrial Ventilation Manual and/or NRA ventilafron recommendations.

Protective Equipment:

Eyes:                              Recommend protective eyewear confonning to ANSI Z-87

Gloves :                          Not generally required

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

rfearing protection:      Hearing protection recommended while discharSng cartridges

SECTION " - SPECIAL PRECAUTIONS - STORAGE & HANDLING

Store in a dry, cool area in the original container to assure performance.   Keep out of the reach of
childrm.   Avoid striking the primer of unchanbered cardrdges.  Remove ammunition from servke
if any of the fouowing conditions have occuned:

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

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

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =.= = = = = = = = = = =

Although reasonable care has been taken in the prapantion of this dceument,  Federal Carddge
Company extends no warranties and makes no xpresentafion as to the accuracy or completeness of
the infomation contained  herein  and  assumes  no  reaponsibhity  regarding  the suitabhity  of this
infomation for the user's intended purpose or the consequences of its use.   Each individual should
make a determination as to the suinbhity of the informafron for their particular puquse.

**   TOTf]L   pF]GE.tz}e}7   **
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Ths thtcrial Safety Data Shcct has been prepared in compliance mth Federal OSHA rind
Cormunication Standard 29 CFR  L910.1200. ALN.S( ZJ00. I-1993 and the ISO SaJdy Data Sheet
Standard  This prodrct may be considered to be a hazardous chemical under 29 CFR 1910.1200.  "s
info"tion is required to be disclosed for safety. in the workylacc.  r*is ltrsz)S ds qzpAha4de arty to utc
prodl.c± .idcrdifed keTeir\ ormd or.ly wherl ILsed properly.

NOTE:  Etefer to Seetiod XVH for fdr a/dc7'onym

Pfrodi]ct:                          Canddges. Small Arms
Trade NaLme:             CENTERFmE RIFLE, PISTOL & REVOLVER

LOADED ROUND
CCAS  ReSstryNo.:       N/A
GAS Name:                   N/A                                                                                       HMIs mtipg
Fo rmtila:                         N/A                                                                                      Health:                 2
Molccu]ai.Weight:        N/A                                                                                       F[aDmabilrty:     0
G rnde:                             NIA                                                                                     Reactivi ty:           I

Non
This list includes, but is not lihited to, those hazardous fnat¢rials which comprise
grcatcT than 1®/® (0.1% if carcinogcnic) of the total componefit weight per 29 CFR
1910.1200.

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

1.     Projccti]e                  Lead. Copper. Zinc. Antimony
2.     Brass shellcasc       Copper. Zinc, Nickel
3.     Pro|]e]lant                 Nitrocellulose, Nitroglycerin. Dibutyl ph(halate. Graphite
1.    PriDcr                       Copper. Zinc. Lead. Antimony. Bariurn. Lead styphnate, Tetrazenc

Issued:  April, i995 Page I of 7
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C.\S or Chemical Name:
C.\S Registry Numl]er:
Elposure Standards:

LlsT OF HAZARDoi]s_ cHEMlcApr
( In Alphabctical Order)

Alur"ONy
7J"-36u

PEL (OSHA) ....................... TWA 0.5 mg/m3
TLV (ACGnl) .................... TWA o.5 mg/m3

B003
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CAS or Chemical Name:
GAS Registry Number.

BAR"
74JO-39-3

Elposure Standards:

#t`(!scEEi.:::::::::::::::::.::#!3:::#

CAS or Chemical Name:
CAS Regi.dry NutDb€r:

-=-_____-                                              -=      --------  i  ------   :-=:                                  =---                                        _______.:-=-_=___.=

COPPER
74JO-50-8

Elposure Standards:
PEL (OSHA) ....................... TWA (fiime) 0. I  mg/in.

TLV (ACGxp --...... #£t#e,E.¥,mL;°m¥grm3
TWA (dust mist) I.0 mg/m]

CAS ot. Cliemical Name:            DIBUTYL PHTEIAIATE
CAS Registry Nutnbcr.               8+-74-2
Ezi]osore Standards:

LELvtt:sc#Eri.:::::.:.:::::::::::F#£§:%::

CAS or chemical Name:            GRAPHITE
CAS Registry Number:              7JJOJJO
Exposure Slandard]:

PEL (OsrIA) ...... •.......8#ed::i:##q"if°tiTELi#£°Tm£PCD°DtrsTyL?i.;:3¥m]

rvkeAapiE:|efrast?]°on##=)apiutieFraction:5mdym.
~..._~TLy..(ACGH) .................... TWA 2 mg/E3_(£Tgpinble dust)                       ~

CAS or chemical Nape:            LEAD
CAS Registry Number:                7+39-92-I
Exposure standards:

pfttt&ScEb.:::::::.:::::::.::::E#£8::#:

BEI 50A in blood.  150/g crcatininc in urine
---- I --------..---.--------.- _I_____I__=_-==                        -:.________===L____     __            ._I______ ..-----------------  __________I

Trade Name:                                  LEAD STYPEINATE
GAS or chemical Name:            LEAD TRINITRORESORCINATE
CAS ReSstry Number:                63918-97-8
Exposure standards:                    None established...-........--,,®..---,,-,,........,-®®,®.-.--...--....-...-.-..--====,®I,,,,,,,®1,---~,,,.,,.,...--,,-I,,-,-,®,,-.®-~-..-..-----.-........---..--.--.-,-,-,_--I

[ssucd:  April,  199S Page 2 or 7
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Remirlgton Arms

REMINGTON   ARMS

MatcriaLt Srfety Data Sheet

CAS oT. Chemical .`.iime:
CAS Registry Number.

.YICREL
7JJOJ)2J)

EEposure Standards:
PEL (OSHA) .......................  TWA Soluble CompoLinds:  0. I  mg/m`

TLV(ACGnD.............#£[[=o°iu3':,Compounds1omg/m]
(Proposed: TWA 0.05 mg/m3 : human caLTcinogen)

-I_____===.I____                       -____T==__==== -... I                    -..-----------------------------    ==-I-                  .    =--_---_________

Trade Nanc:
CAS or Chemical Nalne:
CAS Regivry Nulnber:
Ez|)osure Standards:

CAS or Chemical Name:
CAS kegistry Nunb€r:

NITROCEI.LUI,OSE
cELLULosE ThTRANrrRATE
9004-700
None Establj§hed

rrmoGL¥CEEN
55i30

Exposure Standardg:
PEL (OSHA) ....................... Transitional; TWA CL 0.2 ppm (slch)

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

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

TETFLAZENE
109.27-3
None established.

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

ZINC
7W0is6{
None established.

EnergcDcy overview:                   Accidental fire or explosion may cause severe injury or death.

Potential Human Health Effects:
Skin Contact:

E}.e Contact:

I[unaLion:

Ingestion/Absorption:

May caiisc allergic oeaction (scnsitization) in susccptfolc individuals.

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

Inhalation of lead drLst or fumes ttiay cause irritation to nose. throat`
upper respiratory tract and lungs.  Irritation lnay lead to bronchitis.
headache, lowering of blood pressure and wcakncss.

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

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

Issi]ed:   April, 1995 Page 3 of 7

B004



a
®

®
®

®

®
®

®
®

®

C,
®

®
®

®

®

e

05/27/99      THU   13:00   FAX

Rendr\gton Arms

REMINGTON   ARMS

+(alerial Sofety Data Sheet

rv.  FusT Am naEAstFHEs

Skin Coatact:

Eye Contact:

hhalation:

Wash afredted area thoroughly- with soap and w.ater.   Rc[Liove contaLmmted
clothing.   Wash clothing thoroughly prior to reuse.  Discard an}' contaminated
leather items (i.e. shoes. ctc.).

If wearing contacts. irmediately remove cotitact lenses.  Hold eyelids apart and
flush eyes thoroughly with irater for at least L5 minutes.  Obtain medical
attention irmcdiately.

(IIilncdiately relnovc to fresh air.  Administer arificial respiration. if necessay.
If breathing is difficult. administer o.vygen  Obtain medical attention
i[rmediately.

hgcstion/Al)sorptioD:      If conscious, drink large amounts of water.  Induce vomiting.  Imznediaely
contact a physician or Poison Control Center.  JVcvcr induce vomiting or give
anything by mouth to an unconscious person.

FlanDabl€ Properties:

EringuishiBg Media:

Refer to fnds fta/i.ng.  May ignite if hea(ed to 250°F.  Will ignite when
exposed to flame and high temperatures.  Bc cautious of shrapnel.

Flood  fire with water (o fight fire and ccol shells.  If no `lrater is available.
tise carbon dioxide, dry chemical or earth.

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

Safeguards:

Spill Cleanup:

Accidental REcase:

Remove from all sources of ignition.

Use nonxparking equipment to clean up spill.  If disposal is necessary, .refer
ro .XIII. DISPOSAL CONSIDERATIONS .

See above.

I'ct.sonnet Handling:

Storage=

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

Store in original containers in a cool, dry. well-vcntjlated area away from all
sources of ignition.  Do not subject to mechanical shcek.  Keep out Of reach
of children.  This product must not be stored with acids. strong o.tidizers or
caustics.

Issued:   April,  199S Page 4 or7
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Re:±|±Epn Arrps                                                                            Material sofet_yDg±±__±!|±_et

vH: : RERSorIAI; pR¢rEcm®

EnginecfiDg controls:                      N/A

Persotial Prote€ti`.e Equipment:   .  Safety glasses recommended when handling or firing rounds.
•  Hearing pro(ection reconlnended when firing rounds.
•  Use of NIOSH/MSHA-approved respintor requind when exposed

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

Exposure Guidelines:

Elposure Limits:

•  Keep prodrct awa.v from sources of accidental ignition

•  Exposure limits listed with cach hazardous cherical.

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

Case:  eylindrical; bronze color

Fotm:
Color:
Odor.
Boiling Poiut:
Speeiric Gravity:
Vapor Dcusity:

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

Evaporatiof] FLatc:
MeltiJ18 Point:
Solubility in Water:
pH:

Chemical stabi]fty:           Stable under normal use conditions.  Will no( react with water.

Other Elamrds:
hcompatit)ility:         Incompatible with acids, strong oxidizers and caustics.
PoLymcrizatioD:          Will no( occur.

CoDditioDs to Avoid:         Flalnes, aparks, perc`ission. shcek. static, high temperatures (266®F or l30°C)

Oral LD 50:                     No available data.
Dermal LD §0:                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:   loo mgA
Barium Ni(rate to Stickleback:   760 mg/1

Environmental Impact:

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

Issued:   April, 199S Page S of 7
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Ths product is considered a characteristic hazardous traste per JO CFR 261.24/or dlprsal pgposes
oAfy.  Dispose of as required dy local, state and federal Laws and rcgulatious.

IPA Hazardous Waste Code:  D008 (lead)

sHlppING INFO RMAnoN
Proper Shippilig Nanc:
Hazard aas3:
unINA No:
Pachig Gr"p:
Shipping Laliel:
S|]eeial hforDatiod:

Cartridges, Sam ±
ORM-D
N/A
N/A
None reqrird.
May be rcclassified internationally as:

ELzard class:         I.4S
tJNINA No. :           UNcO 12
PachigGroup:     11
Ship|]ing Lebcl:      I.4S label

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

HAZARI] cLAssmcATION
Chronic E[calth:           Headache, raLLsea, wealcness
Acute Health:               Anemia, embryotoxin.
I.iTe Haa2&rd..                0 (per llMIS Rating)
Pressure Hazard:        Sudden relcasc of pressure.
Reactivity Hazard:      I (per ffl<flsJ{afl.ng)

NFI]A Rating:    Not established.

NPCA-HMIS RAtiDgs:
Health :                  2
F]anmability:     0
Reactivity :           I

References:
Code Of Federal Regulations. .Wonlhly Summary. CFB` 19\0.\Z00® and AlpperudixE a).

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

Hazardous Chemical Desk Roference:  Third Edition, Richald I. I,tis. St.` Van Noslland E\chh,ald.
Copyright  igo3.

.Imericarl .+alional Standards lnstilule. Z+00.\-\99`>

1n[ernalional Slanilards Orgoni-.alion Safety Data Sheet Standard.

Issued:   April, 199S Page 6 of 7
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ACGH            American conference of Governmental lnd`isdial [fygicziists
AHA WEEL ALmcrican Industrial Hygienists Association-Workplace EI]wironmental Exposiire I+evel
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I

AVSI
BEI.
GAS
Cm
CL
DSL
EPA'
Ems
Lanc
IATA
ICA0
rsohm
REEIA
NFTA
NIOSH
NTA
rm
Osm
OM
PEL
SCBA
STEL
TLV
TSCA
rvA
UNINA

American Natiorml Standard lnstimte
Biological Exposure hdexes
Chemical Abstract Service
Code of Federal Rcgulatious
Ceiling Lirfuts (not to be exceeded)
Dorfuc Substances List
Environmental Protection Agcney
lfazardous hthterials Identification Systezn
nterDational Ageney for Research on Cancer
htcmational Air Transport Association
htemational Civil Aviation Organization
htcrmtional Standards Organization
Mnisdy Of lnternational Trade and lndusdy (Japan)
NIne Safety and Health Appliance
National Fire Protection Association
Natioml Institute for Occupational Safety and ILealth
National Transportation Agoney (Calrada)
National Toricology Program
Occxpational Safety and Health Administration
Other Regulated Mtcrials
Pemisstble Exposure Linit (OSHA)
SeLf<ontained B reathing Apparat`is
Short-Teim Exposure Limit
Threshold Lirit Values (ACGHD
Tonic Siibstances Control Act
Time Weighted Average
United Nations/North American adentification ziumbcr)

For additional information, please contact:

RemiDgton Ams Company, hc.
Consumer lnfomatioD
Willnington, DE l980S

(goo) 243-9700

The infomiation contained in this .WaAerfa/ Sqfety OaAf Sheef is provided to all individuals who are or will bc
exposed fo this product through use, handling, storage or transport  Raningtm believes, yct makes no VImuty, that
au  infomation contained in this document is current as of the date Of publication.

Issued:   April,  1995 Page 7 Of 7
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SECTION 11 - lNGflEDIENTS
(ll,t all 'ng,®dl®nts)

C^S  F]€CISTf]Y  NO, xW hv CHEWcO N"£(S) !.'#.dii#,€##,I
7664939 37 Sulfurlc   ^¢1d

_     ---     I-.

7732185 e&l90 .    Water t'.

7439921 Leld      _ W^_-,----.
S€paratot`,--_     ----

Dar®mt¢ -_~

_--_

¢as®   And   £overi       PolyDrotDVLene    (Pla£[lf.1

SECTION Itl - PHYSICAL DATA
ioiiwa-bow_t2rfu.I..,-S ..I...-

Av aa,a   i-2BO   I   .01

y,AEp3EsSu.l€  drn|[-3fl  D otl MRCENT vouni€ .y vorty-M€ t"
`- #E1=HTT£9Uo€v

VAPORO-(NSITY|AIR.1)-
Pl`,

fvApon^Tio« toTE I              . I)
\.

sol`'a`l..n'NMT`s^¢i8ie      --        T- Ptl.                                              { 1,a
A'Ja€cA#hsE.+"Lpteot!qutd  (ac-I-a_con±£nt)                                     _     __   I lsMrd"jffi uaulo     #¥!

SECTION IV - FIRE AND EXPLOsloN HAZARD DATA
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E-KAN rao1

MATERIAL SAFETY  DATA  SHEET

FORAY
OulcK  IOENTIFIEf]  (ln Planl  Colllrnon

#amm:I:aclut....    ANSUL FIPIE  PBOTECT'°N                                                                            E#a'pffi?No.:     (CBE5)M4E|E98oo

^ddros6:                One  stantan  street.  Marinatt.,  W154143-2542                                             0lhor lnlonTiatron  015)  735-7411Call,:

pi.oa/co Ely:        Salety  and  Health  Deparlmenl                                                                                   Da`o propaiad:      April  22,1994

SECTION  1  -  lDENTITY

fr°mmd:°#a#emaaja(uS#o#as7¢n        FOPIAY  Dry chemical  EX[lngulshing  Agent                   CAS No.:         N/A
Ch.mical                   N/A  This  is  a  Mix(uro                                                                                                     Chomisal           Mixture
N 8me:                                                                                                                                                                                                         Family:

Fo/mul-               ,   N/A

SECTION 2 -  INGREDIENTS
PAF`T A  -  HAZARDOUS  INGF)EDIENTS

Princii]al  Hazerdoua  Compon.nl{s)  (cnomical  and common  nan`cts)): WI.  9t CAS  No.                     ^CGIH  TLV              Aculo  Tolicj`y  Darn

Magno§iiJm Alurt`inum  Si[icato  (Attapulgite  Clay) 5.7 8031-18-3             10  ina/M3           NDA

P^FIT B - OTllEf]  lNGREDIENTS

OLli®r  ¢Ompenanus)  (ch®mical  eno  colTunon  name(S)): W.% GAS  No, Acute  Tolicily  Data

proprietary Mixtures  af: 65rd2 7722-7¢.1 Oral  (Bat)  LD5o
Monoammonilim  Phosphate 5750  mg/kg

Ammonium  Sulfa[e 1 2-22 7783-20.2 Oral  (flat)  LD50
9000 mg/kg

Calcium Cafronate <2 1317-6S.3             10  ing/MJ           NDA

Mgthyl  Hydrogen  Polysiloxane <1 6ai46-§7-2 NDA

Yellow  Pigment <.05 5468.75-7 NDA

SECTION  3  -  F]HY§lcAL  AND  CHEMICAL  CHAF)ACTERISTICS  (Flre  end  Explos[on  l]ata)

83i#?:g
N/A

8Pm°;i`#C(H2o  „       N/A                 ymaiorH;)r:Oesure     N/A

Porcanl Volalil. N/A v.par  Don€iLy                 N/A EvaparaLian  F]a(.           N/A
by Volune (%): (Air   -   1), (           -1),

is.OW:I,'# S'igh' ae=actr`:Vlly `n                   Unreactjvo

#8.8#o#` Yellow cola/ed  powder,  flo Charactori§tic odor

Flaeh  Painl: Nc'ne FTamrrlat}le  LiniE]           N/A E xling illsha i                     N/A                     Au l®lq ni Lion             N /A
ln Air %  dy Volun`e: Media:                                                                 TempertilLire:

iFgefaalgFbj'kdv,ca:    NONE
-  THIS  IS AN  EXTINGUISHING AGENT

Uausual  Fire  andEitplo5ionHazards: Nor'O

SECTION  4  -  PllY§lcAL  HAZAf]DS
C]                                     Condilious     N/A

Slabl¢    a                                    io Avald:
S LELbilipr                                  u rafable

:#£T,.#gb,!tj'Zvo,a):            Strong  alkalis.  Mg,  Oxidizgrs thal can  /eleaso chlorine  per NFPA 43A

I B=iLto#Si,ion p,aducts:   NH.3 and/Or pomay b"volved                                                                                                                                    I

#O¥#:idon:               wi«%aoyL se::   =                :o£%t:8rs    NJA
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SECTION  5 -llEALTH  llAZARDS                                                                                                             FORAY (Conlinued}

SECTION  6 -  EMEFIGENCY  AND  FIRST  AID  Pf]OCEDUFIES
Eye Co.iacl:                     Flush  with  large  amounlg  ot water:  if  jrritati.on  persists.  seek  Medical  attention.

Skin Conlact:                    Wash  with  soap  and walef;  if  irrita[ion  persisre,  cook  MedicBl  attention.

lnt`®l®tian:                          Bemovo vict;in to  tlesh  air.  Seek  Medical  attention  it di6comforl conlinuos.

lngo3tlon:                          lf patient  is  conscious,  give  large  amounts  of water old  Induce vomiting.  Seek  Medl¢al  help.

§ECTION 7 - SPECIAL  PFIOTECTION  INF0f]MATION

rse;;=;ftyloTry;#Pl.Cu.on     Dust  mask Whor. dustines8  is  prevalent,  or TLV oxcal]dod.  Mechanical lilter respirator il exposure  isI)rc)longed.
Vantilauoii:

E;i:]ce    Discretionary                                    (MGeecnhB#i;:al      F]Ocommended

P,olrmiv®Glevo6: N/A                                                                       :¥oB`ee,k]n:       :xepcpoo§muro?ndad  a3 mechanical  barrier for prolonged

Other Prole¢tiveClothingorEquipmenr. lf  irritBlion  occurs,  long  Sleeves  and  impervious  gloves  should  bo worn.

SECTION  8  - SPECIAL  PRECAUTIONS  AND  SPILL/LEAK PFIOCEI)URES

:r.Hcaanu;i,?nng9£db%,:a#:            Should  be  stored  in  original  container or Ansul  flre oxtinglii5Iier.

9i'3gulkins:                                   Do  not  ml.I agents.

i`:,%9riL° ::eRtTek:nib a?¥;]„.d:  sweep up.

#e#g£!Epasal                           Dispose  of in compliance witll  local, state.  and fgdoral  regulatiorts.

HAZARDOUS  MATERIAL  IDENTIFICATION  SYSTEM  FIATINGS
HAIAFIO  INt)EX:
4   Severe  Hazard3Se/iou.Hazard2MoaerEiteHFLzard .i rlE^LTH+FLAMMABIirTv

1    §ll9h`  HazardaMinimalHai®ra i F`EACTIVITY

N/A  -Not Applicable             NDA  a  No  Data Availablo

^N€LIL lnd FtN^Y e/. ..oia`arad t/ed.mad(a.

ANSLL Fine paeTGciioN. hAAF]iNETiE. w 54i43iE54!           71 =735-7i` 1 fom No.  EBsae.a        ili991 Wa.mei® U.§., IIic.            Ll`h® ln u.f=.l
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DEEF)E  a  COMPANY
John Deere Road, Moline, lL el 266
1 -BOO-822-8262

Material Safety Date Sheet

JOIN  DEERE  PRODUcT  NRE:    qy-a-rd tr-..1oz]  ut BrdLp.ullc Oil

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

T¥6354,   AR69444,   jn6944S,
TY22028,   TY22062,   TY22077,
TY22070,   TY22079,   TY22080,
TY22092

-------------'-------------  ttcmor I  - mcouer lormlTlcA=Iow -------------------------

CH"ICAL  NAIG  AND  SYNON"S:     I.ubrlc&tlng  Oil;  Hydraulic  Fluid;   J20C
CHENICAI,  FAMILY:     Hydrocarbon                                           ron)qJIA:     Coxplex

--------------------------. =cTICIN 11  - m2ARDco.  "\eE±=-a  -------------------------

INGREDIENT
Solvent  refined,
hydrotreated,  heavy
paraffinic distillate

Solvent  refined,
hydrotreated,  middle
distillate

PERcrm
__ T_ENIPEL

50-60                      5  ng/m3+

0-25                     5  ng/m3.

Severely  hydrotreated
light  naphthenic  distillate    O-2S

Polymeric  additive  in  oil
(poly-methacrylate)

Additive  containing  zinc
dialkyl  dithiophosphate

*for  oil  mist.

BOII.ING   POINT:      N.A.
8  VOIATILE  VOI.UMB:      N.A.
VAPOR  DENSITY:      N.A.

10-15

5-6

5ng,"3+

None

None

V. P.               9hi

64742547

64742467

64742536

None

Mixture

I.cflcer III  - in.Ic^L n^zL -----------------------------
SP.    GRAVITY    (WATER=1):      a.89
E\thpoRATION  RATE:      N.A.
SOIiuBII.ITY  IN  WATER:      Insoluble

APPEARANCE/OcOR:     dark  amber/slight  odor               N.A.   -  not  available

----------------------  s=cTICIN rv - -  I mlo8Icw ftAZAz`D DAnL ----------------------

FIASH  POINT:     39Oo   F     c.O.c.                                              Fljuqnel,I  I,ImT  -  I,EI,:     N.A.
EXTINGUISHING  REDIJl:     Water  fog,   foam,   dry  chenLcal,   c.rbon  dioxide,   or  halogenated
agents .
SPECIAI,  FIRE  FIGHTING  PROCEDURES:     Do  not  uBe  a  direct  .tream  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.
UNUSUAI.   FIRE   I   EXPLOSION   IIAZARDS:      None
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DEEFtE  a  COMPANY Material Safety Data Sheet

DATA  SHEET   NO:       8503-40,loo
Page  2

---------------------------  8=c"oN v - fBA|" mzARD D^z^ ----------------------------

EXPOSURE  IilMIT:     See  Section  11  -Hazardous   Ingredients
EFFECTS  OF  OVEREXPOSURE:     Exposure  to  vapor.   or  mlst&  of  thl3  product  may  cause  mild
upper  respiratory  tract  lr]:itltlon.    Prolonged  or  I.peat.d  contact  may  cause  various
skin  disorders  .uch  as  dermatiti.,  oil  ache,  or  folliculitis.    Eye  contact  is  minimally
irritating.    Effects  of  ingestion  are  expected  to  be  relatively  non-toxic.  Exposure  to
product  tt`ay  aggravate  preexl.ting  .kin  and  respiratory  conditions.
ERERGENCY  G   FIRST  AII):     E][±±  -flush  with  Water  15  minutes.     Skin  -remove  contaminated
clothing;  trash  skin  with  Soap  and  Water;  if  material  ls  lnjec€Funder  the  skin,  do  not
wait  for  symptoms  to  develop  -  get  medical  attention  proxptly  to  prevent  serious
damage.     Inhalation  -remove  vlctlm  to  fresh  air  and  provide  oxygen  lf  breathing  is
difficult.     Ingestion  -  do  NOT  induce  vomiting.    in  all  cases  seek medical  attention.

--.---------------------.-------  s=cllcAV `R  - R=Aclr`Btt D^" -----------------------------
STABII.ITY :      Stable
INCOMPATIBILITY:     Avoid  open  flame,   and  oxldlzlng  materials
IIAZARDOUS   Pot.YIGRIZATION:      W111   not   occur
DECOMPOSITION.  PRODUCTS:     I)ependent  on  combustion  conditions.     A  complex  ttLixture   of
airborne  Solid,  liquid,   and  ga.  will  evolve  when  thl]  niaterlal  undergoes  pyz:olysis  or
cohoustion.     Oxides  of  carbon,   .ulfur,  phosphorou8,   and  other  unldentlfied  organic  com-
pounds  may  be  formed.

------------------------  8=C"Crty vll  -  9pll.I, aR IZAx mcxENm=  ------------------------

STEPS   TO   BE  TAI{EN   IN  CZISE  lnTERIAL  IS   REI.EASED  OR  SPII.LED:   I)ike   and   contain.   Use  vacuulti
or  an  absorbent  such  as  clay  or  sand  to  pick  up.     Flush  area  with  water  to  remove  trace
residue.     NOTE:     This  product  13  cla]slfled  a8  an  oil  under  the  Clean  Water  Act.
Spills,   entering  surface  waters  or  any  watercourse  or  set.ref  leading  to  surface  i`rater§,
must  be  reported  to  the  National  Response  Center  BOO-424-9802.
1msTE  DISPOSAI,  lflTHOD:   In  accord  with  federal,   state,   and  local  regulations

-------------------  sECTlcny vlII  -  mouctr`n lqulndBNt  INroRAIICIN  -------------------

VENTIIATION:     I.ocal  exhaust  to  keep  TLV/PEL  below  acceptable  levels
RESPIRATOR:     NIOSH  approved  as  needed                        EYE  WEAR:     Recomended
GIIOVES:     Recolrmended  to  minimize  8kln  contact    OTHER:

---------------------------  8=c=IOw n -  8mcl^L pR=cAmlcms  --------------------------

Minimize  skin  contact.     Wash  with  Soap  and  Water  before  eating,   Smoking,   or  using
toilet  facilities.     Launder  contaminated  clothing before  reu.e.     Properly  dispose  of
contaminated  articles  including  .hoe.  that  cannot  be  cleaned.     Store  in  a  cool,  dry
place  with  adequate  ventllatlon.    Keep  av.y  fran open  flane!.    Keep  airay  front  children.
----------------------------  slc"cAV I - t}^=L rmriut^=ICpr ----------------------------

NRE:   T.   M.   §nyder,   CIH                                                     TITliE:   Industrial  Hygienist

SIGNATURE:                                                                                              mTE:      January  29,1998______________--____-------------------------------------------------------------------
"o  1nforbatlon  contaln.a h®f.1n  1.  b.11.v.a  to b.  .cc`ir.t..  Hot-v.r,  I)o `ra[r.edy 1.  .xpr.sa.a  or  Lxpll.a  ..g.rdlng  th.
acc`lracy of  th.a.  data  of  the  I.s`ilc.  to b. obtain.a  frca th. `ii.  tn.I.of .    `fondos  ...`lb.g  no  I.Sponslbllltv foF  ln]`lry
to  v®fld®.  o.  thlJ:a  por!on3  proi(Lbat.1y c.`ie.a  by  th. I.t.rl.1  1f `r..son.bl.  .af.ty proc.d`Ir.a  ar.  tLot  .dh.I.a  to  le
stlpul.t.a  lri th.  dAt.  .h..C.    f`izth.mor.,  `r.nd.. ae.`ii-.a  th. fl.I  ln `is.  of th. -.t.rl.1.
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MFly    27'991©:18    FR    CF`RTER    COMpf}NIES                  816    746    5544    TO     17858645317

CITG0 P€froleum Corporation
P, 0. Box 3758

Tuba, Oklahoma  74102

Material Safety I)ata Sheet
Tindc Name:           CITGO No. 2 Fu€[ Oils, AII Gndes          Date:  September 26,1997

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

Synonyms:               Fuel oil, No. 2                                                 Tedinical contact                (918) 495.5933

crTco Index No.: 5388                                                #fijrfum:Eemn:¥eny  i:#} £:#3°#

IVIAThRIAL IIAZAnD EVAI;t7AnoN
(Per OSIIA I]azard Communication Standard B9 CFR 1910.1200])

Health precaDtioRE:     DANGER! Harmful or fatal ifstmllowed; call enter the lungs and copse
damage.  Contains Pefroleun Disfil]ates.  If s`ve[loived, do not indlice vomiting.
Call a physician immediately.  Keep alit of reach of children.

Safety precaqdoiis:       Combiistible Liquid.  Kieap away from heal flame and other potential ignition
sources.

HMIS Retingl :               Health; i.                        Flammability:  2                            keactMt)r:  Q

I.0 GENERIc cohnosrlTON / cOMpONENTs

P . © I /©7

ConpeBents C^S Nq % Hunl'd Dita
P.cfro`leun Distillaies 68476.30-2 loo Onl LDso (ut):                9.0 mvkg
(A complex mi}mue ofhydTocfiTbons, DemalLD{utbbit):        >5grvicg
having a viscosity nnge of 32,6 SLJS Det7Ital scneitization:      Nonsensitidng
to 37.9 SUS 3t 37.7. C (100®F).) Skit] (rabbit):                       ITritant

Eye (rabbit):                       Mild izTinnt
Temtogenesis (rat):          N egatl'vc

2.0  PHYSICAL DATA
PHYSICAL HAZARD CLASS[FIcrmoN (Per 29 CFR 1910. I ZOO)

Combustible Yes Flrmmdrle No ftyrophoric NO

Cbmpressed Gee No Oqpric Peroxide No Eedvity NO

Explosive No Oxid.uK3r No Stable Yes

....J `Hanrd RAting:    ]castJ};    slight-1;    "edcaee-2;    high.3;    ¢xtrunc4.

CtTcO I=sigDed uese values b?sea oti ap evaluation. caducte¢. pirmianl 'fo NPC^ gdrid¢litics. . Use of en istErft
•,..            ``J     ......  i,.'.'.           .          .

g+RE+PET:HHl,ny_i:=#_If±';.i:,:ae,.I,--.ie:Ei:::gii:::
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2.0  PHYSICAL DATA (continued)
Boiling Point, 760 mm Hg, ®C (aF):
Specific Gravity (0 .F) (H20 = I ):
Vapor Density (Air = I ):
% Volatiles by Volume:
Melting Point, oc {oF):
Vapor Pressure, mm Hg (25 °C):
Solubility in Water:
Evaporation Rate:(n-butyl acetate = I ):
pl] of undiluted Product:
Appcarmce and Odor:

Dyed,
Undyed:

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

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

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

NA

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

3.o  FinE AND ExpLosloN DATA
Flash Poif)t, CK:, oC (oF):
Flngh Point, CC, °C (®D:

SFp°ig#n?nng!:mperfure,.c(oF):
Flammable Limits |% by volume in air):
Extinguishing Media:
Special Fire Fighting PTocedurc:

UnLlsoal Fire or Explosion Hazard:

4.0  REACTIVITY DATA
Stability:
Conditions Contributing to lristability:
lncomprtibilfty:
I+azardous Dc¢omposition Products:
(thcrpial, un[css othenwisc apectfied)
Hazndous PolyTnchzBtion:

ND
S2 - 85 (125 -  185)
254 - 285 (489 - 545)
Health:  Q           Flammability:  2 Rcactivtry:  Q
Lower:  Q£       Upper:  IQ
C02, dry chemical, foam, `irater fog
Wear self-cobtalned b"thing appantus when in a
confined area.  StructLiml firefighter's protective

#*P#r:iv#in:ypp#::dese##n:::'#:T;MSDs
may release irritating fumes.

Stdrle.
Heat. flare.
Chidizing ngeftts.
Carbon dioxide (C02), smoke, fiimes, hydrocahons,
carbon mol]exide (CO) and oxides of nitrogen.
Hazardous polymerization is not expected to occur.

5.o  spnL, LEAK AND DlsposAL pROcEDUREs
PToedtLrc if Material ts S|]il]ed:
•     Remove sources ofhe&t or ignition: provide ventilation; contain leak,
I     Small spills:   At)serb rc]eased material with nob-combustible absorbent.  Place into confairlers for

later disposal.  (See Waste Disposal section below.)

]Hazard Rndng:   . (caste;  . Slight.I;    mod¢coc-2;    high-3:  .. exrmie.4.

ioNFp^guideiih.a....,....di¢±c vih± 6±scd ch an cwhluatich. co-nddetedCITcO asi8nd rfurfu • NEiNot Esus
;NDNo.Ddt  ..`-

€riF£-ky-q:.:?E'Lir€i;oi.i`^iiqug..{.A.qz!o,.giv.|F;.,2T€i+ap7.,.qu.:s38¥7...,,'..-',:..T``:...-+-Si`±:.6-S`?.::..`
NA.Net.Appltryl€. ` .... `r
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5.0  SPH.L, LEAK AND DISPOSAL PROCEDURES (continued)
•     I.ange spills:   Evacuate area in the ¢v¢nt of significant sF]il]s,  Adequately ventilate area and

determine potential exposLire conditions.  Exposure potential may require the use
respifutory protection,  Use protective clothing.  Contal.n spill in temporap/ dikes to
avoid product migration and to assist in recovery.  Do not allow material to escape
into sewers, ground water, drainage ditches or surface waters.

I     Control ignition sources around spill area.  Use of a fire figh(ing foam blanket on spilled fnat¢ria|
will reduce vapor release and fire potential.

I     Administer first aid. as needed.
•     OSHA reg`ll&tious nmy require establishiog a regulated area with si(e control.
•     Report apills as required to appropriutc federal, stEite and loca.I authorities.

Waste Dispoal :
•     lt is the respo[tsibility ofthc user to detcmine if the material is a hazardous waste at the time of

dispasal.
•     Trafisporfution, trmtmen| torage and disposal ofwastc inat¢rial must be conducted in accordance

with RCRA regulations (see 40 CFR 260 through 40 CFR 271 ).
I     Ststc andfor local regulatiol]s may be more refu.ctive.
•     Contact the RCRA/Superfubd Hotline at (800) 424-9346 or your regional us EPA off]cc for

guidance concerning case spcciftc disposal issues.
I]rotective Measut€s Dqripg Repair and Mait]teiiaDc¢ of ConfaD!nated Equtptn€Bt:
I     Roferto section 7.0 -Special protection lnfom8tion,
•     Keep uonece§sary persons from hazard area.

:3::I:vd;P:gfueq:j±moefnj'm=n#o¥a'£&risms°u:i:ath:a*:£:eesndproedveciothingifdiest
contact is onticip&ted.

•     Provide ventilation to maintain exposLire potential below applicable exposure levels.
•     Eliminate heat and ignition sources.
I     Remove colitBminated clothing,
•     Wash exposed skin thorougllly with soap end wdeT.

6.0  EEAIJTH HAZARD DATA
Hedtb lhard Classification OeT 29 CFR 1910.1200}:

Hithly Toxic No Sensitizcr No

Toxic No Rapreducti ve Effects No

Conosive No Muta8en No

lrrfuant Yes Tnget Oqu {Skin} Yes

urcinogen:
Product/Component CAB Na. Cone.(./,) rm IJIRC OSH^ Other

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

Toricfty Su-ry: If swrallo`ved, this ttiatcrial can enter the lu[Lgs and cause severe dgrnage.
This material call cause skin irri"tion.

NDLNo Dhi . .
tii\in'ri-6-:.-3-FuclOils,AliGridti{Ac2fascpt`enha.26,ifo7..cut.5388)
NArNct frolicat]le

Pise 3 of 7
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6.0  HEALTH IIAZARI) DATA (continued)
Major Route(S) or Eiitry:           Inhalation ofmists or vapors.  Skin contact.

Acute Expasqre Symptoms :
Inhalation:        Inhalation ofmists or vapors above applicable workplace exposure levels can cause

thnsient euphoria, respintory tm¢t irritation, gastTointestinal iTThation, headache,
dizziness, or central nervous system depression.  Studies with labora(ory animals suggest
that bronchoconstriction and respiratory impairment are associated with inhalation of
high concentrations of fuel oil mists.

I)ermal:              This material can cause skin irritation.

Eye:         .           This material carl cause transient eye irritation includiTig stinging, tearing and 6w®lling.
Ingestion:          Symptoms of fuel oil ingestion can include burning of mouth and upper gastrointestinal

tnct, stomach cmznps, coughing, dro`rsiness, restlessness, irrhabi] ity, vomiting, diawhca
and unconsciousness.  In additiorL. breathing difficulty may develop..  Coughing.
pnetimonia and prinful breathing can suggest that the product has entded the Lungs.
Itigestion of large concentrndon§ of product can cause convulsions, coma and death.

[DjectioB:          Injection under the skin, ;n muscle or into the t]lood stream can cause irritation,
inflanm8tion. swelling, fever, and systemic effeets, including pu[Tnonary edema,

•pneunoni& RAd mild cenml nervous aystem depression.  Inj.ection of pressurized

hydfocahaous can severe, pemanent tissue damage.

Chronic Eposure Symptoms:
The products represented by this MSDS contBiTi a tTti]rfure of pctroteum hydrocarbons commonly
referred to as "middle distillates."  hahoratory data have associated some middle distillate§ with
skin cancer when the material is applied repeatedly over the lifetime of the .test anitT..al.
Middle distillates similar to the prodLicts rEpreserited dy this MSD§ have been associated with
liver and kidney dalTiage in subchronic (90 day) if`halation studies of male rats.  The relevance of
these findings to liuman hcaltli is unclean
ProLot`ged or frequent contact call cause the Skin to dry or crack.  Al,so, long ten demal
exposure carl catJse an influnmation of the skin marked by redness. pain or itehiqg (der7natitis).

Other Spedal Efrcets:
None.

Medical Condltlou Aggnvated try Expo3qr¢:
ItLdividuals with chrol)ic respiratory disolds. liver dysfrotion or kidney disease call have tliese
conditions aggnvated t]y elevated exposure to vapors, mi5ts or aerosols of this m&tel'ial.

First Aid aLtd En¢ngetiey Procedures rot A€ute Effects:
Inhalatlo`n:        Move victim to fresli air.  tf viedfn is not breathing, ifnmediately begifi cardiopulmotiary

resuscitation {CPR),  If breathing is difficu[t,  loo percent humidified oxygen should be
administered by a qualified individual.  Sock medical attelition immediately.

Dermal!             Remove contaminated clothing.  Wash exposed skin with soap and water.  Launder
clothit`g before use.  Scck medical attention if tissue appears damaged or if irritation
persists.

Eyes:                   F(ash eyes with cool water while occasionally lifting and lowering eyelids.  Remove
contact lenses if won.  Seek medical attention. if excessive tearing, irritation or pain
pers.Leo,

NFNot•........ ;:.-.NDiNODrfutr]icatte. i. . t -.---...NA'Nct
clTG9v§:i:?;\Frii.biri^iioT!#.{+,q2F9..Fjfa{,fr.:,¥.i:I..ap,I,,€.quj3!£i,.„``.w..:.;..;-:#',ich.T7,.-:,.:;
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6.0  REALTH IIAZARD DATA (contintled)
II]ge3tiop;          Do not illduce vomiting.  Ifspol]tincous vomiting is about to occur, place victim`§ head

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

Ii)jectiob:          Injection under the skin, in muscle or into the blood stream is a medical emergency.
Seek medical attention ilnmcdiately.

Notes to PbysiciaD:
Inhalations       If cough or difrlculty in breathing develops, cvalute for respiTutory tmct irritation,

bronchitis. or pnoumonitis.  Administer I oo percent lium idified sLippLemental oxygen
with assisted venti l&tion as required.  [n aymptomatic prti¢nts (cougl]ing, choking,
tachypnea, etc.). monitor blood gases to assure ridequate ventilation.  If vital signs
become aE]normal or eynlptoms develoi), obtain a cliest x-ray.

Ingestion          The viscosity at of this material js approxilmtely 32 SUS &t loco F.  Accordingly, uF]on
ingestion, there is A high risk of pu]moft8ry aspiration.  Aspimtion can result in chemical
pfieumonitis oT lipoid pnetJmonia.  Rcmov4l by careful gasutc lavage with tight fitting,
cuffed endotrachcal tube may be cousjdered.
Pulmonary edema call be mmged with PEEP and supplcmenta] oxygen.  Atitibiotics are
indicated only if bacterial superinfection of the [ung§ occtirs.  Steroids have not been
sho`rm to be of benefit far trydrocarhal] pftcunonitis.

7.0  SPECIAL PROTECITI0N INFORMAHON
Ventilation kequiremeBts:

Use in vii6]l vend[rfed ace.  In confined apiecs or when hog hechanical .ventilation may be. .
required to ftiaintain airbomc conccntntious below applicable work place expostire levels es
evaluated dy designded and properly trfuned indivjdtLats.

Appncable WoT]aplac. Expoour€ I+e`rck:

Chcmiul ^C¢IH ACGIH Tl.V ^CGm OSHA OSH^ PEIJ OSII^
Component TLV"^ STEL/ TLV PBL"^ STEL/ PEL

Ppb Cc!EL8 (a Skill I)Pin Ceiling (C) Skin
(n"') ppn (n"1) botatioh? (bgiv) I.I,in (ng"') n®talion?

Petrolcun Distlll3tes RE. NE NE NE NE NE

Speciric Personal Proterfure Equipin¢nt:
Persoml proteed`/c equipment should be selected based t]pon the conditions ut`der whicli this
material is used.  A hazard assesslnent of the wofk aea for PPE requirements should be conducted
by a quntified profesion&I puetrmt to OSHA regulations.

Res|iitutory:     Only NIOSH or MSIIA approved equipment shoilld be used.  Use of an organic vapor and
dust/mist fitter dlral crddgc respintor is required `when vapor and mist conce[ifrotions
exceed the app[icablc wockplace cxpasue lcvcls.  Respiratory protection chould be
selected on the basis of the maximum expected all concentration.

Eyes:
Dermal:

Cloths.g,Or
Equtpp€ptL

Use safety goggles oT chemical ap]ash goggles if Spleshing is anticipated.
Use gloves constructed of impervious materials such as heavy nitri le rubber if freqLlent
or prolonged contact is expected.
`h/ear bodylcovrfug work clothes to avoid prolonged or Tquted cxpesur¢.  kefnovc
§oq!api.paeed ct,othing one ]armder.,before mlsc .......

NALINct Applieabte  -
clTcONO.2Fuc[Oits,Ai]GtH'&{AinF6,riLE`¥9:2#fo;,t.IN:5388,

NEINat
Pegc S of 7
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8.0  TRANSPORTATION AND SPECIAL PRECAUTIONS
Stofnge:             Do no( use or store this product near lieaL flame or other potential jgnitjon soumes.  Do

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

DAnger:             F[ammt]te or combustible Liquid.  Vapors are heavier than air and may travel to an
ignition source and flash back.  Use only it` a well ventilated area.  Never sipflon by
mouth.  Empty containers may contain product residues which cart ignite with explosive
force.  Consult appropriate fedend, state arld local authorities before reusing.
reconditioning, reclaim ing, rceycl ing or disposing of empty cot)talners and/or `A/aste
residues o'f this product.

DOT Inro.rmatlon:

PfopershippingNane:
Hazard Clas§:
Hazard Identification No.:
PlacaJ.d:

Fuel Oil, No2
3
UN  1202
Flanmablc liquid

9.0 ENvmoNMENTAL DATA
ThtlgJmnfflesppgrtyiq±_.ADe±drtents±Bd..Bg±!±tt]q!jzatioL±£to±I!8S..{§AR±l

Sectiop313-Tbricchcniccalsi
This prodLict is not lonourn contain any components in concentrations above de erwhfrois levels that are
listed us tonic chemicals .ii7 40 CFR Pall 372 pursliant to the requirements of section 313 of SARA.

Section 3] lA12 -Hamrd Catrmrics:
Thisproductmayrnc¢toneormoitofthccriidriaforthehazardcategoriesdefLnedin40CFRPaJt370
as est?blished by Sections 311  and 312 of SARA as indicated below:
lmrnediate (Acute) Health Hut:          |±§                    Sudden Release ofprossure Hazard:       b!g
Delayed (Chron ic) Health Hazard :           I§§                     Reactive llazard:                                        B!g
Fire Hazard:                                                 1§§

Scctiot] 302 - Erfeme]v Hazardous Substances:
This Product is not kno`rm to colitain any conpofictlts in conce"tions gmer than ofte percent that are
listed as Eirmemcly Hazardous Substances in 40 CFR Part 355 purstiant to the requirements of section
302(a) of SARA

aeni Water Act fowA`:
Under the CWA, dischangcs of crude oil and pctroLeiim pTodiicts to stirfroe water withoLlt proper Fedenl
and State p¢mits m`ist be reported immediatc[y to the National Response Center ut (800) 424-8802,

£anp teEen siveEq]±±pn mep±±±Bespop±qco rm±nsaQon &jj!] biliE.4±!{quRqu) .§egSgp±02
Hazardous Suhatlnces!
As defined dy CERCIA, the ten "hazardous substance" docs not include petroleum. including cnJde oil
or any froction thereof which is not otheTvise spccifical[y listed or designated as a hazndotis substance.

-,.. NE,Not

diho-ri-or..ri-i-rii=oit±^[iGrqu7¥t.Agap,,.S€ftyp;r:¥;...I.ap.7,GIN:...:?8;8J....,n.-.,..;..:.:P3S,
•,          .``.

NA-Not Applicable ..............-.......-..   ND-NO Data
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9.0  ENvmoNMENTAL DATA (Continued)
Ca]ifomia Prat)osition 65 fThe Safe Drinking Water` and Tories Enrorccment Actt:
Waning:  This material contains the following chemicals which are whown to the State of ca]iformja to
cause cancer, birth defects or otl1¢r reproductive ham, and 4rc sobjcct to tl]e requirements of Califomia
Proposition 65 (CA Health & Safety Code Section 25249.5):
Com Don eat:                                                                                      Eff±g±;

Diesel Engine Erfuust                                                            Cancer

Nenr Jersey Worket' and Commul]itr Rif!ht-to-Know Act:
Fuel Oil {t6a476-30-2)

Toxic SubrfuDces Control Act (TSCAt:

nepor[ed ln TSC^ Iilv¢®tory as: Product Components

No. 2 Fuel Oils X

io.o  LjmELING

I)ANG-ER:_
EIARrmuL E SWALLovrED - CAN ENTER LtJNGs ANI>
CAUSE I)ARAGE
cONTAINs PETROIHUM Dls'Inl.ATEs
conmusTml£ LIQulD
cAusEs slDT rmlTmoN
MAT cAusE' cANcm BAsrm oN ANIMAL DATA
TARGET 0RGAN®:  skina-
Keep mra]r from heat, spar]ts and flames.  Keep cotitrfuer closed.
Avoid br¢atliing vapor or mists.
Avoid direct derDal contact.

EusT4E
If avallowed, do Dot irdqce vomltlbg.
Call a phy3iciab lnfnediafely.
1B case of contact, ronove coDtaDilpated clothing iDmedi8tely and
`Irash thorotlgbly with soap and water,

ALL sT^TERENrs, niFORMATION, ANI] DjLTA pROvlDED IN TinsRATERI^L SAFETY
DATA SHEET ARE RELmvED TO BE AccuRAIE AND RELIABLE, BUT ARE PRESENTED
WITHoUT GUARANTEE, REPRESENT^TloN, wARRANTv, oR EuspoNslBILrrv oF
ANY KIND, EXpFnssED oR nffuED. ANY AND ALL REPRESENTATloNs ANI]/oR
wARRANT[Es OF MERCHANTABILITy OR FrrREss FOR A pARTlcuLAR puRposE
ARE spEcmcluny DrscLAIMED. usErs sHot7ID MAlcE TEEIR OWN
INVESTIGATloNs TO D  rlERMINE TEE stm'ABnlrry oF THE INFORMATION 0R
PRollucrs FOR nlEm pArmculAR puRposE. NOTrmTG CoNTAINED IERE IN IS

I     HF3RDTtFppFREF¥ofrrmrfucfuMEO#c%RviRE£9:#ffBA#8NpzfrvIrfuIATh AV
cO"GErrs oR INVEt`rrloNs.

ND-No Data
CITGO Nd.-2 Fuel Oils, All Gndes (AG2FO. September 26, 1997, On`l: 5388)
NA-Nq[Applicable

P . a7/©7

N FNct Erfubiiun
• P`ge 1 0{1

**    TOTf]L    pf)GE.ele)7    **
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)MATERIAL SAFETY DATA SHEET
PBODUCT SA   825   0012

SECTION I

P.3

_w
iTcci MA^uFActuaiN6 OivisioN oR 6u6sioiAAy

I

AO` Of`€ss tNUMBEf`. sTaEET. clTy. STATE. ZIP Confi

EMEnGENcy  TELEPHONE

yey!F,ACTURER      782_5sOO
ciieM TflEc 1 .(8001424.9aoo

CHEMICAL  NAME Ofl FAMILY Fof]MULA

3         Petrol eum  Hvdrc]cerbon NA

'SE
CTION  11  -.CHEMICAL AND  PHYSICAL.PHOPERTIE8 ¥CW EMICA L..                                                 I PHYSICAL"

hAZARDC)US OECOMPOSITION PRODUCTS FOAMa         Seml-sol  ld

6         Carbon   in.onoxl de .   carbon   d I ox i de Ooofl
'N coMPATi6iLITy iKeee ^w^y FfloMi e M' hera Oil

Strong   oxidlzlng   agents   such  as:      hydrogen   peroxide, ^PPEAflANCE
6 chrc)mlc   acid.    bror.ire 10 Grease
LLST ALL Toxlc AND HAZAftoous INaaED'gNTs7None

''
LoftI        Ambe.r.

P'2 ECIFIC  CRAV(TYiwATEB]11RT 0 . 924

`BEctioN fii.=:FinE...ANO€xpLO8ioN t]ATA. ®O,L,NG  PT.1S
NDA                  .c®€

spEciAi Fif`E FiGHTING FBOceDUBE6Fireflghtersshould    wear   an FIASH POINT IMETHOO USEolAboveC.O.C.EB.I`

MeLTINa pT. RA.a
eoproved   self   contalned   breathing FiAMMAaL€ ilMiTs e6NDA27iowEn_UPPEB_

I,
®f

34
aoparaTus`

90lu8lirTvINWATER

Net? I  1 e I  b I  a

UN USUAL FIF`E AND EXPLOSION H^ZAADSDensesmoke EX TINGui8HiNG AaENTs

8 0l]YCH€MICAI    X:  CO. AT            ?5   .c

= WATEFtspAAY     ¥ FOAM.WATEF]FOCRSANO/EAFITH11TotHeR 'B

*  VOLATILE'a(|YWTu'
NA

29
evAp. ftATEI,(,''

NASECTION  IV  -H€ALTH HAZAflo DATA
pEPIMlssiaiE cONCENTfiAtioNs iAIAi

T

v^Po. pflESsime NA

g            NDA
',   'mm Ho ,,  ZO ,C'

NAEFFECTs of ovEaExpoSu.I I, 'A'I  ,  '1

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

ToxlcoLocicAL pnopERTiEs 30 oH'I

' NC)4. STRONG ACIDsTAONcaAs!

E^IEftG£NCv FiasT Aio pflocEDufiES

2 EVEs     Flush   with    large   amounts   of   water   for   at    least    15   mln. STABLE                                                               .X

Call    a   ohysicien    Immediately.
'

uNST`aLE                                                                I

33J€,i SKINCONTACT        wasri   thoroughly   with   soap   and   Water.

:':€,3;TFY              ,oo<o'fl°*.^,=2
NHALATioN                   NDA.

]1             NA                                                                                            (

FswAiLowED        Call    a    PhYSIcier.     Immediately.
i

'

N4   -NOT  Appiic^eLE                                               NOA.  wOOATAAVAiLABiE                                          <.  LEss AN                                    >.Moa€ihAN

Paa6  I  of  2
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MATERIAL  SAFETY  DATA  SHEET      pBooucT

P.4

SA   825    0012

§_ECTION Vll i= §PECIA[ flftECAUTIONS
Pa6CAUTIONS TO BE TAKEN iN HANoiiNG ^NB SToaACE

Keep   cc)ntainers   closed.                                                                                                                                    .
1)

8ECTioN vlii - TflANsroFTATioN OATA

uNR€ctll^TEO  a u.s. a.a.I. .flopEa 8HippiNc NAME

„                    ,Y  D`O.T. 7

„               aE€uoL.%TED  I
U.a. a.a.T. HAZAf`O C|AS5 I.a. NUMBgB

4a 9

T.ANSPOITAtloN AQ uBEl(SI REOulAEO

€MERC€NCYlNfoAM^tloNCHEMTftEC1.t®Ooi4a4.9aoo 60 G'

fflEIGHTCIA5SIFlCAtlaN

9Z
Fetroleun   Lubricetine  i`reEse

B.£CIAI TRANSPORTATION NOTES

I, 9J

SECTION IX - COMMENTS

KEEP   OUT   OF   F`:ACH   0F   CHI  L9REN!  !
?£1

\^/.  beli.V.  th.  6tatem®nts.  technical  information  end  r®comm®ndatlone  ContELir`ed  h...in  er.  reliabl..  but  th.y
are  given  wlthout  warranty  ar  guarantee  of  any  klnd.  expre!9  or  lmpljed,  end  W.  assIIme  no  reaponslbllity  for
any  la6S.  damage.  or cxpenBo,  difect or congoqu®ntlal.  arising  Out of th®lr use.

i.36  2   a(   2
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MATERIAL  SAFETY   DATA  SHEET

P.5

Tbx   no.     :    042840
Prlnt   Oat®

Last   R.viewed
o#o92e,9J
O5/03/89

part   Typei    and   Humb®r                                                              Part   nait`e
--------------------------------------.------------------ ~ ------- ~ ----,,,---,,-
Ford    -U.S.     BATTERY    -ALL                                                        BATTERY    ELECTROLYTE

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

---------------------  CHEM( CAL  AND   PHYSI GAL   PROPERTI ES  --.------------------- I--

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

---.-- I ----- I---HAZARD0lls   AND   OTHER   0lscLOSEO    INGREDIENTS   I ------ =I ---.- EI -----

P.rcent           Exposure   Llmlts   -TVA
Range                ACGIH/OSHA(Where    e3t.)     CAS    number            ¢henic.I    Name

--,--,-,--- I-~--I -,,---,-- 1 ----,  1,~ ----,, ®        ,~ ,,----,,,,,----, 1 ---- ~ ,----
>30-60                I/1       mg/m3                                        7664-93-9               SUIFUPIC   ACID

Expolure   Limlt   Abbreviatlens
~ - - .I ,I - - 1 - - - I~ ,,,---,,,,-- ~ , , I , I ---,,,,
TWA-Time  W.loht.d   ^v.r.g®     I-Cellinq

S-Short  Term   Expo.ure        Sk-Skln
Sol-Solubt.   Compoundi             Fu-Fumes

lnsol-InSoluble   compounds        Bu-Dust r.,
+I

---------------------- lld-REGULATORY  I NFORMAT I oN  ------.---------------- h--

This   product   cent.lns  .   toxic   chemical   or  ch.mica`I   Iubject   to  the  report!n¢
requironcnt€   of   Sactlon  313  of   Tltle   Ill   of   the   Super fund   Amendm.nts   and
R.authorlzation   Act  of   19as   .nd   40   CFR   Part  372.

---- JIImr''-I--===-I ---- ===±==±==i===-S I GNA|  WORD  =T_ _ ,.--- T==_-_-__ -T-i:=======±---==iiul

DANGER    --CORROSIVE

-------------------- n -------. HAZARDS I --.----.------ I ------------- g=a---=

Contact   wlth   thle   in.terial   wlll   cause  burr`s   to   the   Skin,   .yes   &Ad  mllcou!
memb r afia8 .

When   tFi!s   in.t.rlal   com.i    into   contact  with   the   .y.a,   serioug   d4mag.   may   occiir.
Thi8   product   ls   h.rmfril   by    Inhalation,   wr:.n  -:n   Contact   with   th.   Skin     ,

and   if    lt   i$   8waHow.d.
Thil   product   lg   irrlt.ting   to   the   .yes,   respiritory  fy.ton  and  .kln.
This   product   may   bc   fatal    lf    lt   ls   SwaHowed.

FORD   MOTOR   COMPANY
OEAfiBORN   Ml   48121
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MSDS
(CONTINUED)

P.6

Tax   no.     :    042840
Prlh"t„oE/ao92ei9o2

----- I -------------  TARGET  ORGANS   AND   MEOI CAI   CONDITIONS   ----------------..- =]-a

Ov.rexpo9iire   tc]   &om.   h]z&rdou!    lngredlentE    in   thls   ProdLJct   lia3   bean   found
to   affect   cert.ln  body   organs   and   Syatem   ln  cxp.rlm.ntal   anim.la   and/or
humanl.   The.a   include:

Lungs
Teach
Skln,    Ey®9,   and   R.lpir.tory   System

-------------- nl ----.  ACUTE  Tax I C JTY  I NFORMATl oN  ----------------------- I
I

Baaed  on   th.  cc]mpo€Itlon  of   th.   product   ld.ntlfled  by   th.  aupplfer,
±elected   portlon.   of   the   .cute   toxicity   Information   from  RTECS   are
3S    follows:
7664-93-9          SUIFLJRIC    ACID

Inhalation,   Idiilt   rat,    LC50   -;10   mg/m3    (2   Houri)
Oral.    advlt   rat,    LD50  -2140  mg/kg                                                            .

----------- I ---- ±±±±±i--SAFE  H^NDI ING  AND  STORAGE--±±±=!±-=--==±-I -.----

Oo   not   brcath®   gee/furn.&/vlpor/Spray.
ui®   thls  product  with  ad.qu.te  v.ntl l]tion.
Oo  ilot  g.t   thla  in.t.rlal   ln  your  eyes,   on  your  .kin,   or  on  your   clothlng.
Thl.   ls   an  oxldl2lnq  .g.nt  -avold  brfnglng   !t   Into  contlet  wlth  en
organic  materi.I .

Stol.  thie   product   in  .Ir-tlght  contaln.r&  awty  fron  &olJrc..  of   h.&t  .nd
I  ight.

---- I ------ Ill---F IRE,   £XPLOs loH   AND   REACTIVITY   INFORMATION   I ---- ==~`-+==== .------

Bringlng   thl.   prodiict   Into  contact  with  codeu8tlble  mat.rill   in.y  cauee  4   f Ire.
EXTINGUISHER    INFORMTION:    Dry   ch.mical,    foam.    carbon   dloxlde.
ufo  w.tor   to  cool   f lr.-.xpos.d  contalner€  and   to  protect  p.r]onnel.
W..r  self-contain.d  br..thing  appar&tu4.
Th!e  product  can  raAct  vlol.ntly  w|th   reducing  .gent€  and.organlc  flat.rl]ls.
Explof lve   HYOROGEH   GAS   iTiey   be   rel.a..d    lf   &qu.Cue   aolutlon&   af    thl.   mat.rlal
come   into   cont.ct  with   reactlv.  metll!    (IRON,   ZINC.   ALUMIWun)  .

Irrltltlng  and/or   toxlc  fun.I  and  g.sea  may  b.  onltted  upon  h..tfnq  of
thl]   product.

The  a.compatitlon   of   thl8   prodllct  wl 11. releese   toxlc   qa(aS.

FORD  MOTOR  counANy
DEARBORN   Ml   48121
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Tax   no.     :    042840
Prlnt   Date   !   o4P/ao9298o3

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

use   of   an   impervious   apron   ls   recommended.
Ilie   g®n¢ral   v.ntl`ation  and   use   local   exhaust.   wh.re   possibl.,    In   conflned   or
•nc`osad   spaces.

Wear   ch.mlcal   goggl.8   and   fac.   ehleld.
The  use  a/   neopr.ne  glciv.e   is   recom.nded.
In   c.se   of   contact  wlth   .y.&,   rln.e   imcdlately  with   plenty  elf  water   and   leek
medical   advi.ce.

Imedl]tely   t&k.  off   all   contamlnat.d  clothing,
lf   the  materlal    1±   .wallowEd,   get   lmedlate   medic&l   attention  or   aclvice   --
Giv.  sev.rat   gla8ses   of   water  or  in: Ik.

It   g=&/fume/vepar/diJ&t/ml5t   frem   the  materlal    i!   inhaled,   remove   the   affected
person   lmmediat.ly   to   fresh   air.

for   skln   coritect   f luah  with   large   amolint5   of   water.
Wagh   thoroughly   af tar   h.andHnc.

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

If   the   product   i&   Ingefted.   probabl.  muco=al   d.m®ge  may   contr!indlcate   the  usa
of   gaatrl¢   tavage.     Treat   th.  affected   person  approprlately.

----.-.---------------  Spl lLS.  LEAKS  AND  I I SPOSAL -n ------.---.------ ===

Ellmin.t.   all   .otirc.I   of   lgnitlon  or   fl&mmAblei   that  may   cone   Into  contact        .
wlth  .   .pill   of   thls  mat.rl.I.

Avoid   .kin   cont]ct   and   lnhalatlon   c}f   vapors   durlng  digpo..I   of   SplHS.
0l.po..  of  watt.  matarlel   .ccordlng  to  Loc.I.   Stet.,   .nd  F.d.ral
Envlronm.nt.I   R.gulatlone.

In  ca.a   of   largc   .piHi,   foHow  all   faciHty   Em.rg.ncy  Reiponse   Procedures.

----- I--e ---.-------------- S P E C I AL  REMARKS  -..------------- d ...---- I.===--

Thil   I.   an  .eldlc  in.t.rlal.

--------  u.  s.   eEPARTHERT  OF  TRANspORT^TioN   INFORMATION  -.--- [] ----. =

Shlpping    name:    BATTERY   FLUID,    ACID       uN:    27SC
Hazard   Clas[l   Corrollv.  matarlal                  Ha3ard   Label!   Corrosive

The   chonlcal   nlmc(i)   .ppearing   below.under   ''NAME"   miist   .ppear   a&   part   ol
Shipplnq   n&mc   lF   th.a   amount   being   Shipped   in   each   cohtalner   exc.eds   the
quantlty   .hown   under   "RQ"   below.     The   letter:   "RQ"  must   al.a   appear   as.Fart
of   the   Shipplng   name,    ln   the   form:

•hlpping   name,    ch®mlcal    home.    ftQ.
For   U.S.      sh(pm®nts   fran   Ford   Facilltie&,    consult   the   ''Ford

Hazardou®  Material   Tran6portation   Control   Progr.in"  hanual,   oth.rwisa
consult   49CFR172.
------ ¢AS--RQ (lbs)   -NME ------------..----------.-----------------------------.

7664-93-9         2777         SuLFURIC   Aclo

FORD   MOTOP   COMPAN.Y
nEARE]®r]N   MI   48121
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Tax   no.    :    042840 °     prir\t  D,te   .   oFiao92e/9#

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

Health   and   safety   Information   hae   been   evaluated   by:

Environmental   &   Occupation8l   Toxicology,      Occupational   Health   6   Slf.ty,
Ford   Motor   Company
goo   Parklan.  Towers   W.st,   a.arborn,   Ml      48126        ..

For   .mergency   cdu:       (SIS)    337-3182   -or-(313)    323-0045    (for   24   hour   I.rvice)
1

This   ic   th.   last   page  of   thi.   HSOS.

FORD   MOTOB   COMPANY
OEARBC)EN   MI   48121
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MATERIAL   SAFETY
DATA   SHEET

"OCO   REGULAR   LEAD-FREE   GASOL{h'E

MSDS   NO:        02003992

P.9

MANUFACTURER/SuPPLIER:
Amoco   Oil   Ccinpany

?!!c::::  i:#:!!: D:i:8|

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

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

IMPORTANT  CoueoRENTS:      Ga8ollne   (GAS   8006-61-9)   ^CGIH  TLV   300   pan,   STEL   500   ppn;
Osm  PEL   300  ppn,   STEli   goo  ppn.

'          !§:i::::§i¥e#::3i:irAEL::i;o:?:;i:1:::"Sin pE" ppn

o        WARNING  ST^."ENT!     P:Pg::I_Ext:9:±}¥_£!amTable: _¥!gh_v:pop  concentrations  can  caug.\\   _              I       \         1,        _     _  _   11headdchea,   dlzzin€ss,   drov.®ine8i  and'nausea..   Hamful   if  gvallov®d
and/or  a8plt.dted  into  lungs.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  ag  motor   fuel  only.   Lorig-tern
exposure  to  vapofB  has  caused  cancer  ln  laboratory  anlnals.

"IS/NrpA  CODES: (HEELTH;1) (FL"AEIl.IT¥;3) (REACTIVITT;O) ,   Chronic  h.alth  hazard

APPEARANCE  AND   ODOR:      Clear,   bright   liquid.      Charact®ristic  odor.

®
®

®
®

a
a
a        EFFECT:

FIRST   AID:

•        PROTECTI0N!

n

h
n
n
n

EFFECT :

!imLTH  mzARI)   INFORMATloN

EYE

High  concentr4tione  of  vapor/mist  Day  cdus.  ere  dlBcouf6rt.

rlugh  eyes  with  plan.ty  of  wet.r.     Get  medical  attention  if   irritation
per8 lgtg . .

NOTi.  I.quired;   however,   use  of  eye  protection  la  good. induatrlel  practice.

SKIN

Prolof`ged  or  r®peat®d  contact  can  defat  th.  .kin  and  lead  to  lrrltation
and/ar  dematltls.

rlRST ^I"     I::i:ii§!8!!o::;:::i::::::§#:a:::::.an:¥:;.b::::=i::::? C:::hi:gi"1

PROTECTIC)h':    ;::;:spi:1;::!8n::dr:¥e::;:a::inc::::::tis  #£:L!:Otective  Clothing  end

EFFECT !

INHALATION

Vapour  harmful.     High  vapor  concentrations   can  caufe  headaches,   dl2Zlne85,
drevgine8&   and  nausea.     See  Toxicology  S®ction.

FIRST  AID:        If   adverse   ef facts  occur,   remove  to  uncontanlnated  area.     Give   art±f lcial
respiration  lf  not  br®athing.     Get  in.dical  ettentlon.

I        PROTECTION:     Use  with   adequate  ventilation.     Avoid  br.athing  vapor   and/or  mist.      If
ventilation   ig   inadequate,   use  NIOSH/MS[IA  c®rtif led  respirator  Which  will

|                                      prcltect  against  organic  vapor/mist.
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HEALTH   HAZARD    INFORMATION   -   CONTINUED

INGESTION

P.10

a      EFFECT:               Low  viscosity  product.     Harmful  or   fatal   if  asplrated   into   lungs.
FIRST  AID:         If   swallowed,   do  NOT   induce  vomi'ting.      Get   lmm®diate  medical   attention.

FIRE   AND   ExpLOsloN   ]NroRATloN

a      FL^SzapolNT:               -45oF

r`       FLA"AELE  LIMITs:      uppER:      7.6%     LOwER!      I.3S

®       AUTOIGNITION  "PERATJRE:                   495®F

.      EXTINGUISHING  MEDIA!     Agents   approved   for  Class   8   hazards   (..g.,   dry   chenical,   carhopdioxid.,   halogcnated  agents,   foam,   st.ala)   or  voter  fog.

®     UNUSUAL  rlRE  Et¥:1:§:I:£i:#t¥?A#:;  b:;:::in:::r::a#a:::a:a#r:;i: :i;t:::8c£:eT;  an

®                                    exploglve  mixture   ln  air.
i

®     PRECAUTIONS:    £::g  :::¥a::::  :i:::i?A  3::r:::h(:6:&&a::aS;n:i::::a:?d  Open  fLaneB).

REACTIVITY   INFORMATION

DANGEROUS  REACTIONS!     Avoid  chlarlne,   £luorlne  and  oth.r  strong   oxldizers.

HAZAREOUS  DECOMPOSITION:      Burning   can  produce   carbon  nono*ide   and/ar   carbon  dioxide
.        and  other  harmful  products.

STABILITY:      Burning   can  be   Started  easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

BOILING   POINT:                        80°F   TO                 430®F,    Range

8OLUBILITY   ]N   WATER:      Negllgibl®,    b.low   a.1%.

'        SPECIFIC   GRAVITY   (WAHR   a   I):                    0.7S

I       vApOR  pREssuRE!     7-i5   ib  Rvp   tAs"  D-323t

I         vApORDENslTy   tAIR-.Lj:                  3   TO              4

'
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STORAGE   ANI)   ENVIRONMENTAL    PROTECTION

P.11

®          STofiAGE   REQUIREMENTS:      Stor.   in   flammable   llqulds   stordg®   area.      Ke.p   cantain®r   claged.
Store   avdy   from  h.at,   ignltlon  sources,   end  c)pen   flane   in

a                                                           accordance  with  applicabl®  federal,   state,   or   local   regulations.

®        Spll.LS  Aue  llEAI{S!    3::;::a:rv:£::a?ff]:::e:::I:::t::ai!:i:;?£.po:::b¥:?erc:£::Tnt:A  an

®                                             ::::::a:idn::::i::y::.9.,  Sand,  8ardust,  dirt,  clay).    Keep  out  of

®       WASTE  DISPOSAL: ,  5:#::::  :3:ts£:li:da::::5:£:ee:itfa:;#:::br:a::a:::i:°si:::?a:iL`ty.

:                                    :::::gr3#:::!3n:th.::€::a£S-:3g::::!!: ::g!:::::i?n  lHecorm.nded
SPECIAL   PRECAUTIONS:      Keep  out   af   sewers   and  wat®rvays.      Avoid   strong   oxidizers.

a                                                               Report   apllls   to   appropriate   authorities.     USE  AS  MOTOR  fuEL
ONLY .

®
TOXICOLOGICAL   INFOENATION

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

SKINS     Primary  dernal   lrrltation  Score  1.I/8.a   (rebblts)
than  5nl/kg   (rabbits).     Practically  nonto*ic  for

IN}IALATION!      Acut.   LC50   20.7mg/i   (rats).

.     Acute  dernal  LD50  greater
acute  cxposure8  by  this   route.

INGESTION!     Acute  oral  LD5018.8nl/kg   (rats).     Practically  nontoxic   for  acute
exposures  by  this   route.

:::::a i::i :#::r:£t:y::?a::8:a:n!r:£:::th::ga::::;a€1£:i3::: , s;::::a ,  drovs 1-
depregBlon.

A          In  a  long-t®rtB  lnh41atlon.tudy  of  Whole  unloaded  gaeoline  vapors,   expo8ur®-

n     !!::;:::!i:;:i #:::g:;::i:i:::::i::a;:::::::i::;::::ni;::::#!,ii,::ar
I       iE:::.an:e;::i:b{;a:h:u£{£::;n:i:i.:::£::a:t:::a:n::3:.::  t£:tn:I: ::€?eyThe
n         :::::i::::::.of  the  nouge  liver  tuner  response  in  terns  of  human  health  is

Inhalation  of  whole  unloaded  gasoline  vapors  did  not  produce  birth  defects   in
labor&loi`:'   a.-6iihals.

n       S::#:n:) }St:i::::I::dni;::::.°fc#::?:a:g:::a::dt:a;::in:e3:::a::  i::I::e4has
been  shown  to  cause  cancer   (leukeDla)   in  hunans  af`d  other  adverse  blood  effects

h

r
D

D

I

(anenla).      B®nzene   ig   considered   a  human   carcinogen  by   IARC,   N'I'P   and  OSHA.

:::;.::::::eh::a::i:n:A:nfa:::::B: C:h:a::;eir5i::::a:ni°L::: #!:i::#::a-
were   B®en   ln  chronic  studies  on  xylene   ln  gulnoa  pigs  but   not   ln  rats.

Aspiration  of   this  product   into  the   lungs   can  cause  chenlcal  pneumonia  and  can
be   fatal.     Aspiration   into   the   lurigs   can  occur  while  vomiting   after   ingestion
of  this  product.
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REGul.ATORY   INFORMATION
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CERCLA   REPORTAELE   QUINT}TY:
This   product   is   exempt   from  the   CERCLA  reporting   requirem.nt8   under   40   CFR
Part   302.4.     How.v.r,    if   Spllled   into  Waters  of  the  United  Statog,    it  may
be   reportable  under   40   CFR  Part   153   if   lt  produc®s   8   Sheen.

DOT   PROPER   SHIPPING  NAME:      Gasoline,   Flanndbl®   I-iquld,   UN1203.

OSHA  HAZARD  CounNICATION  STAJroARE :     ::s¥:b:;  ±i8#'  c:::i:::t€ons:::i:¥i€::::n3;ts

OSHA.     Contains  a  carclnogenlc  coapoTtent.

RCRA   STATUsi

:i:;a:::d::tc::t:¥:j£::a::a::ev:!t::Rb::::9:6!t3!o::#n:a:h:n£:i:aving
substance ( s ) !

cOMpoNENT/cat   NUMBER

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

.SARI   STATUS!
Thla  prciduct   i=  regulated  under  the  following  a.ctlon(S)  of  SARI  Title  Ill,   42
Use  9601.   Spills  or  releases  of  the  product  RAY  b.  repartchle  a!  a.t.mined  by
the   infarmatlon  given  b®1ow!

§ECT[ONS   311   ANI]   312   0F   §ARA   INI)   40   CFR   PART   370:
This  product   ig  defined  ag   hazardous  by  ostIA  under   29  CFR  Part  l9lo.1200(d).

SECTION   313   OF   §ARA   Arm   4o   CFR   PART   372:
This  product  contains` the   following  substances,   which  are  on  the  Toxic  Chemicals
List   in  40   CFR  Part   372!

COMPONENT/CAS   NUMBER                                                                                                WEIGHT   PERCENT-------------1----,---------------------------------------,-----
Benzene   (71-43-2)
Ethylbenzene   (loo-41-4 )
Taluene   (108-88-3)
Cyclohexane   (110-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATtJS!     All  of   the   conpon®nts   of  thl8  product  ar.listed  on  the  TSCA.Inventory.

S-.-PPLEMENTAL  INF`ORMA'l-'ION  .~T±_ _

n        8:::::::oi:]a.:;:::::  Ti:#:ea:::hydrocarbons.    Tha8e  major  ccixponents  having

b

b

'
'

Butane    (GAS   106-97-8)    ACGIH   TLV   800   ppn;   OSHA   PEL   800   ppr.

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

Ethylbenzene    (CAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   ppm;
OSHA   EEL   loo   ppn,   STEL   125   ppn.
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SUPPLEMENTAL    INFORAT]ON   -   CONTIN{JED
n-H.ptane    (GAS   142-82-5)   ACGIH   Tl.V   400   ppm,    STEL   500   ppm;
OSHA   PEL   400   ppn,    STEL   500   ppm.

n-Hexane   (GAS   ilo-54-3)   ACGIH  TLV   50   ppm;   O§m  Pal   50   ppn.

P®ntan.    (CAB  .109-66-0)   ACGIH   TLV   GOO   ppn,    STEL   750   ppm;
OSHA   PEL   6oo   par,   gTEL   75o   ppa.

Toluene   (CAS   108-88-3)   ACGIH  TLV   loo   Fpn,   STEL   150   ppn;
OSHA  Pal   loo   ppm,   STEL   150   ppn.

P.13

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

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

ISSUE   INFORATION

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

h        Product  saf.ty  a  Toxicology
ISSUED!      June   09,   1989

SUPERSEDES:      March   18,   1988

This  pateriol  eafety  data  Sheet  aJ`d  the   lnfornatiott  it  contains.  i5  offered  to  you   ln
good  faith  ds  accurate.     We  have  revleved  Any  information  cantalned  in  thl8  data  sheet
vhlch  v®  rec.iv.a  free  Sourcea  outside  our  company.     W.  bcli¢ve  that   iAfomatlon  to  be

ii:ii!!i!!i,!!::!i::!i:i;i!i!!;-iwf:;iii:i:!!:!iii¥!ff:i:i;!!ii:;ig#`!i!::i::::t
a      :: im;:?:8: that  night   lnfrlnge  exl4ting  patents.    No  varranty  ia  A.de,   either  express
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U.S.  DEPAFITMENT  OF LABOF]
Occupatlonal €-lely and-H®dlth Admlnl8I[.llon ..

•MAT-EF]l.AL.`S`AFETY.'DATA.rsHEE,T
..    .    ...     .           -`.

.

...SEC

.      ,        ^  \ .-TION.I.

WTifft#H@i®n|c&loo.
Tfflolf'gBr-er!3roT%a`i#i:'aa3:rat.`.6r.`hn.a , Ii.  6og22   `                                                              '

a.+Tula^l.L^w(~o.rrawLr.                             .-,.-.,`      .      .    .1.i.           ..    ..., 'w.i#d:uh!#i`dw#.'h.I
I C,||nc^| ,,+|n.,                   , OwlL^

Mixture

..:. ,        .        .,.  8E.cTloN  li..HAZARDous,iNaREDiENTs  .
P^iure. pFiE9EAv^trv(9. . eoivENT£ 1 |V'un'',) ^lloY8 MO METALLIC COATINOS * TIV(U^''|'

rower,) 1,/A AI, Wn^| h,/A
•      C^TALY.T

N/A ^uO,| N/A
VeHclt

N/A
W.TALIIC CO^Ttt.CS N/A\

cavtHt,
N/A

'||€A Wq^|
N/Anus cO^iwo a. cof`€ Flux

^eo,',qe                                                             .   .. `N/A Io,H,.,...... „/A
a '"1`®       . t'/A

ll^zMcou®wixTuaEe oi oTHm iioulo€.soiios,OA O^sE8    .    . * |V(un''II

__.

H.thyl.Alcohol                   I         .                 .                 .    a                    .....     ..         .'`      " 38 200p

Nonv.1bhenol  9urfaotdnt               a^8  #    68412-9+I+ 001
1,I

rrTlchenvlmethane       O^g  #  2650L{.8-2              EP^  TSC^  List-Yea Tr,
'       '1    '''1'

SECTION  Ill     PHYSICAL  DATA
•Oiiw®.OwT rF.I                                                  .  -'         +`. •rl i A  .      .. .. . .`-  . €pecl.IcOA^v.T.iHchiiL    '       I    .      '      `

•g51''   I
A,a, ,.tlant I- W, I

N/A
MnctN7 vOuTL( »/AvO||tw( '*1

v^ro* O€w.iTy |^tho I i                                   .           .. .  ..      , .
"1^`  `

fv~OfuTIO.I .^TE
N`/A-''

•olu.n.ITy in w^TtA
'    ,        i         I

I

^„~t^N®oOOR        Blue-EL-|tla

SECTION  IV     FIF]EAND  EXPLOSION  HAZAf]D  DATA                             .    I
i`"tiro"tiu~."      I,a.ae  lla  F ',A,+I,^III,u',,   '.     `     '                 I             I,      I                     U.,
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a          PPOPERTIES AtJi' SPECIFICATIONS

EXCELLENT FOR  "MINI-HOLES"
AND VERTICAL STACKING

These  non.nitroglycerin  emulsjon  Prclduc:S  are  packaged  in  corivenier
one-pound,  one.half,  one-third.  and  one-quarter  pound  caririciges  an
f ormula{ec]  to  prc>vide  a  seismic  PUIse  eqiJa!  to  dynamite  for  clear.  shar
seismic records.

Al:hough  classifiecJ  as  high  explosive,  seispalME/E  emulsions  are  nan
headache  arid  have excellom  resis:ance to accidert:al  cletonation  by  friction  c
impact.

Spiral.v`ic.und  1,'4  to  .ii`2-pounc!  paper  car.iriages  ar:-eas;ly  capperi  £„
waxed tc) Sieep well.

®            PPODUCT                                       E-1                E-1/2           E-1/3          E-1/4
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S,yle
Density (girvcc)

One Pound     1/2 Pound   1/3  Pound   1/4  Pc)und
21/4x81;'211;'2x811/8x8            1x8

Velocity  (fps)  (unconfinecl.)             16,500

De!onation  pressure                           100

(kilobars)
Absolute  Bulk s(rength                     685

(caLi`ccl
Relative  Bulk s{rengtri                       leo

(ANFog100',

SWSW
i.15                      1.15

16,000            15,00C)

100                 loo

775               77S

105                  105

SW
1.15

14,500
loo

775

105

PACKAGING
Available  in  foLjr sizes  to  meet  vertical  stacking  ant

-mini-hc7le" applications. seispRIME/E  in the one-pount

size   is   packaged   in   thin-walled,   easy   couplin{
canricjges  for  vertical  slacking  or  larger  downholt
shots.

In  the   1/2  tc>   1/4-pound   sizes,   sei§PF}IME,'.E   i{

packagee' in spiral-wound paper cartridges.
All sizes have exce!lem vi`aier resistance and can b€

injtia[ed with a #8 strength STATICMASTEB oetonator,

57IA7YGA445FER€`  :ie3tri= [ietenators for Seismic :xp!oratioi-i
DESIGNED  FOB  SEISMIC  WOEK  -  Exclusive  Atlas  electric  in,atch  provides  reliabl{

cietc>nation  with  minimum  lag  time  and  scatter.  Full  #8  strength.  explosive  output to  hel[
insure initiation of the seismic charge, even  under severe conditions.

UNEXCELLED  PERFORMANCE  -F3igid  s:atjstical quality control tests  are  performec
on  all  components  and  on  the  completed  detonator to  assure  reliable  artd  consisten
perfomance.  A  tc>ugh,  hard  enamel  coating  under  the  plastic  outer  insulation  provide€
additiorial protection against shorting ot legwires under extrenie conditions.

WATEF3  AND  WEATHER.PFIOOF  .  Legwire  insulation  is  designed  to  withstanc
extremes of heat and cold  and the severe  conclitions encounterea. in  deep-hole  loading
All  cletonators  contain  a  double-crimped  rub.Der  plug  to  provide  a  water-tight  seal
Excellent firing characteristics permit use in single-hole or mufti?le-hole pattern shooting.

a         PROPEF]TIES ANDSPECIFICATIONS

®          :  P:;%?i:'n::;t:.:inn:t:c-a::r. Less than a.001  second; even
lower as firing  c'Jrrent is increased

a)           .  ReccimrnenclecHiringcurrent-3to  loamps DC,4to  10
an`os AC

a           .  Wa.terimmersiondepth(max.tested)-500 Ieet
I  Bridge\^.ire resistance - 0.9 C)hms

a            .  Det`onator shell -Gilcling  metal

•       REDucEDSENsmviTy
TO EXTPANEOUS ELECTPICITY

A  speclal  bridgewire  and  the  SF  feature  in  the  electric  match
prc>vlc]e  rec)ucec}`  seri5itivity  {o  Slatic  electricity.

OPEEATING AIDS
With  recommended  firing  currents,  STATICMASTEB .electric

cletonators meet all requirements for series firing,
WAF]NING  -  Do  not  use  STATICMASTEB  electric  detona.tors  in
the same circuit w'ith other types or brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detona{ors  come  with  spoolod

duplex  copper  lead  wjres  (yellow color)  in  lengths  of 40'.  60'.  80',
10C)..120',150'.160`,  200',  250',  300',  anc]  400';  and  in  shorter
legwire  lengths  (folded  duplex  wires,  yellc>w)  measuring  12`,  20.,
and 24`.
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SHEET

ATIAS   Fowl)ER  COREANY
15301   DALLAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

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

3.     MEDlcAL  "ERGENc¥  TELEPHONE  NunERS:

EAST   0F  TEE  MISSISSIPPI:      717   -386   -4121
WEST   OF   THE  MISSISSIPPI:      417   -624   -0212

REVISION:      ODe

®        4.      TEE  RATERIALS  DESCRIBED   IN  HIS  I)ATA  SHEET  ARE:

®                               RAZAREOUS   CE"ICAL   Ih'GREDIENIS

a        5,      Ct{"ICAL  Arm  Co"oN  NAME(s)   oF  RAZARDooS   cE"ICAL  MIXTURE/INGREDIENTs:

®
®
®

®
®

®

®

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

Major  Hazardous  Ingredlen[s  Include:
A"Doniun  NIcrate
I)iesel  011   (In  Some  Formulas)

TSCA                        GAS                              RTECS
LISTED                      NO.                                   NO.

I.                6484-52-2             BR9050000
Y            68334-30-5            NO  Listing

Note:     See  MSDS  for  Armoniun  Nitrate  I'1us  fuel  Oil

6.     pE¥slcAL  AND  crmlcAL  cHARACTERlsTlcs:
Vapor       Flash    }1elting    Boiling     Speci£1c       Mol.

Pressure     Point    Point°C    pciint°c Cravitv         Wt. 44±    Appearance

Armoaiua Nitrate
Diesel  Oil
ELxtu=e

®
a        7.     PFTSICAL  HAZARDS:

®
®
®

®
®
®
®
®
®

0                  d               155               1.90                i.725          83          None     "hice   solia
ad               nd                    nd        147.371          0.87             nd     Pungent   Broun  Liqui=
Neg.            nd                     nd             1251.I    to   I.3     NA          Notte     White   Grees=

nd  =  n-a  Data d  =  Dissociates       na  a    Not  Applicable

Amonium  Nictate  -DOT:     O]cldizer
Mixture    DOT  Explosive,   Blasting  Agent

S.      HEAL"  EAZARES:
~.--.-.,.

Carc:inctgen
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Tc)xic
Target  Organ  Ef feccs

9.      PRIMARY   ROUTE(S)   OF  Emmy:              No   Data

10.      PERMISSIBLE   EXPOSURE  I.HITS:         NO   Daca

Diesel  oil:     Flamable

----, =----. _

Ref:   Regiscr:`'   of   Tc)xic:  Effects
o£   Chemical   Substances   (RTECS)

N  =     No  C:icerla  Match
Y  =    Poslclve  Criteria  Match

per   RT£CS
rLd   I      No   Data



11.      LISTINCS:
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IARC                             0 st{A
MONOGRAPHS             CARC INOG EN

12.      GENERALLY  APPLICABLE   PRECAUTIONS   FOR   SAFE  HANDLING  AND   USE:

FTCIENIC  PRACTICES:

Avoid ,Skin  and  Eye  Cc)ntact.     Avoid  Breathing  Blasting  Fumes.

•                    pROTECTlvE  rmAslrREs  I]uRENc  REPAIR  AND  RAINrENANCE  OF  cONTANINATm   EQulpENT :

®

0
®
®
®

a

Use  z}on  sparking  tools,  avoid  open  £1ane,  veer  nor"l  safety  equiptnent,
Such  as  safety  glasses  and  hard  hat.

pROcmtJREs  FOR  cLEANup  oF  splLLs  AND  LEAKs:

Bulk  Product:     Isolate  and  coacaln  Spilled  macerlal.   Contact  Distributor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  damged  or  deteriorated  explosives  mtist  be
Carried  out  in  accordance  With  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  Taajor  spill.   contact  the  National  Response
Ceacer   (800-424-8802)   and  the  local  Police.

a        13.     CONTROI.  insuREs:

ENCIREERINC:

WORK  PRACTICES :

Follou  BATE  standards   for  storage   (27   CFR   151   Suttpart  3)
Except   for  Bulk  products,   see  "Do's   and  Don'Cs  -Instruccioris  and

Wa,mlngs"  -  found  in  every  shipping  case.
See  lnstittice  of  Makers  of  Explosives  Pu.DlicatiorLs.

Follow  OSEA  Scartdards   for.Storage   and  Use   (29   CFR   1910.109)
Except  for  Bulk  products.   see  ''I)o's  and  Don'cs  -Inst"ccions  and

Wamlngs"  -  £ouad  in  every  shippltig  case.
See  Inscituce  o£  Fiakers  of  Explosives  Publications.

PERSONAI,  PROTECTIVE   EQUIPMENT :

Avoid  Coxlc   fumes  frota  blascin8,   wear  nozr.al  prctceccive  equipment,   .
such  as  Safety  glasses.  hard  hats,   ecc.

14.      RERCEh'CY  AND   FIRST  AII)   PROCEDURES:
--..  ',   I_

Do  t`ot  attempt  Co  fight  fires  involving  explosives.
Imedia¢ely  evacuate  the  area.     Avoid  toxic  fumes  frota  fires.
h  cage  of  skitl  coritact,  wash  affec:ted  area  vi.ich  water.     Eye  coritact  -
flush  eyes  for  ac  least  15  minu:es  and  consult  a  Physician.

15.     DISCLAIRER:         The  above  lnfortratiorl  taken  frota  various  published  and  unpublished
sources  ls  believed  to  be  accurate  and  rep:esents  the  best
lnfortration  currently  available  co  us.     However,  we  tnake  no  uarranty
of  the  accuracy  ot.  such  informacion,   express  or  implied,   and  assutae
no  liability  resulting  from  its  use.     Users  should  make  their  our

#:=:ts8::i:3£a:°p8:;:::i?e  the  Sultabillcy  of  tbe  inforta€=ioa  for


