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STATEMENT OF WORK

The high resolution seismic survey will consist of 5-6 lines totalling approxi-
mately 2,400 ft.  The proposed primary targets are the bedrock surface at depths on
existing boring logs of about 20 to 50 feet, and the thickness of a shale layer directly
beneath the limestone bedrock surface suspected to be approximately 15 ft.  The goal is
to identify locations on the bedrock surface and within layers immediately beneath the
bedrock surface that could possess sufficient permeablility as to act as conduits for
surface-introduced contaminates.  Faults and/or joints are of particular interest.  Proven
high resolution techniques (Steeples and Miller, 1990) will be used to acquire data on
this survey.  The data will be acquired in a standard CDP format (Mayne, 1962) using
roll-along type acquisition techniques similar to conventional petroleum exploration
data acquisition.  The geophone spacing, analog filtering, seismic source, geophone
type, spread geometry, sampling interval, total samples, shots/point, and acquisition
philosophy will be based on extensive pre-production tests.

The project will consist of two major phases: testing and production.  The testing
phase will commence as soon as a mutually agreed time can be arranged between the
Kansas Geological Survey (KGS) and Louis Berger and Associates (LBA).  The testing
phase will consist of one-half day of walkaway tests near planned survey lines.  The
walkaway noise tests will be gathered according to common shot station and receiver
offset and separated into distinct groups according to recording parameters.  The
quality and potential of the test data will determine whether the production portion of
the project is feasible and should be undertaken.  If  both KGS and LBA agree the data
quality obtained warrants continuation of the project, the production phase will
commence.
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The production phase of the project will begin upon joint approval of the test
results by LBA and KGS representatives.  Acquisition of the production data will take
about two days.  Acquisition of the production data will follow well-established
procedures, but will be somewhat dynamic with respect to specific parameters.  The
basic structure of both the acquisition and processing flow will be roughly designed
around the findings of the preliminary testing.  The uphole surveys (if allowed) will
consist of downhole hydrophones recording information at the base of a water filed
monitor well or at the approximate depth of the bedrock surface in the water filled
monitor well.  Step-by-step analysis during the acquisition and processing phases of the
survey will be continuous with modifications made at any stage of the survey if deemed
necessary to ensure the quality of the final product.

EXPERIMENTAL (TESTING) PHASE

The testing phase will begin as soon as a mutually agreeable schedule can be
established.  The testing will involve two parts:  uphole survey (if approved), and
walkaway noise tests.  The uphole surveys and walkaway noise tests will be run
coincident with each other and will represent the first operation to take place after the
appropriate safety briefings.  The walkaway noise tests and uphole survey should be
completed within the first few hours of the first day and will allow selection of the
optimum acquisition parameters and equipment for the production portion of the
project.  The entire testing phase should be completed in the first half day.

The uphole surveys will involve downhole hydrophones and the optimum
surface source for conditions.  Shots will be recorded at least 10 ft beneath the top of
water table.  The uphole information will be used to determine a true average velocity
and represent ground truth for the time-to-depth conversions.

The walkaway noise tests will be conducted along one of the proposed seismic
lines and as near to a control well as possible.  The walkaway tests will consist of
source-to-receiver offsets ranging from 2 ft to approximately 192 ft.  To avoid spatial
aliasing of noise, the receiver interval will be 2 ft.  The downhole 30.06 firing rod (Miller
et al., 1986, Miller et al., 1992, Miller et al., in review) and the 12-gauge auger gun
(Healey et al., 1991) (neither require Class A explosives and will therefore not need
permitting) as well as the sledge hammer weight drop source will be tested to
determine the optimum source for the near-surface conditions.  The 30.06 downhole
firing rod will most likely prevail at this site.  The downhole placement of sources
greatly reduces the amount of recorded ground roll and other seismic noise and all but
eliminates the higher frequency air coupled wave prominent on weight drop
seismograms.

The receivers available for testing will include both single Mark Products L-40A
100 Hz geophones and triple 40 Hz Mark Product L-28E geophones wired in series.  The
loo Hz geophones will be tested first and will probably produce the best response.  The
need for a strong signal from the geophones is paramount and, from previous experi-
ence, lower quality geophones will not produce sufficient output within the desired
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frequency band.  Analog low-cut filter tests will include:  low-cut out (all-pass), 50 Hz,
100 Iiz, 150 Hz, 200 Hz, 250 Iiz, and 300 Hz.  If at any time during the low-cut filter
testing the signal-to-noise ratio drops below acceptable levels, the upward progression
of settings to be tested will be terminated.  The low-cut filters will have an 18 dB/octave
roll-off.  If at any point during the noise testing an optimum parameter or component is
identified, the affected portions of the remaining tests at that site could be by-passed.

Data collected during the experimental phase of this survey will be reduced to
the appropriate final display format on site.  All walkaway noise tests will be displayed
according to source-to-receiver offset with separate displays for each source, receiver
type, and low-cut filter tested.  The final walkaway sections will be trace balanced and
displayed in a variable-area wiggle trace format.  The uphole velocity files will be trace
balanced and displayed individually in variable area wiggle trace format.

Final decisions concerning feasibility of continuation of the survey will be made
after completion of the testing phase.  The data will be sorted, bandpass filtered, AGC
scaled, and displayed in wiggle trace format.  These plots should possess sufficient
information for a qualitative judgment concerning the feasibility of shallow high reso-
lution CDP seismic reflection methods to delineate the structural and stratigraphic
features of interest in this area.  Combining the walkaway noise tests and uphole
surveys should allow confident, well-informed decisions to be made concerning the
feasibility of collecting usable data at each site as well as the feasibility of the entire
project.

PRODUCTION PHASE

The production acquisition phase of this project will begin immediately after the
testing phase.  The data should be acquired in two days or less.  The field parameters
and equipment will be dictated by the results of the the walkaway noise tests performed
during the testing phase.

The particular source and receivers, as well as station spacing, shot interval,
source/receiver geometry, and repeat shot count, as well as the optimum recording
window, station interval, and shot interval will be determined after evaluation of
analog field files recorded during the walkaway tests and of uphole information.  The
source and receiver selection will be a qualitative choice dependent on frequency,
quantity of ground roll relative to body waves, and physical site and near-surface
constraints.

Final design of the field geometries will be based on analysis of the potential
resolution of the planned survey (using physical properties derived from the test data)
versus the required resolution.  The 1/4-wavelength criteria of Widess (1973) will be
used to determine the best vertical resolution with equipment and near-surface
conditions present during the acquisition of the test data.  The potential versus actual
horizontal resolution of the test line and planned production lines will be based on the
radius of the theoretical Fresnel zone.  Oversampling of the first Fresnel zone will not
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exceed 15 times (Miller et al.,1990) while a minimum of four times will be maintained
throughout the survey (Knapp and Steeples, 1986).

The results of the walkaway noise tests from the areas nearest the location of the
proposed CDP test lines will be used to determine specific optimum parameters used to
record the CDP lines.  Parameters such as sampling interval, record length, and analog
filtering will be determined after careful examination of the dominant frequency and
usable bandwidth of reflection energy recorded during the walkaway noise tests.  The
sampling interval will be chosen to ensure at least 10 samples/wavelength of the
dominant reflection energy.  The total number of samples will be chosen based on
maximum time (depth) of interest as determined by both the sampling interval and the
uphole surveys.  The analog low-cut filtering will be determined based on qualitative
evaluation of the recorded reflection energy using the various low-cut filters.  The
analog low-cut as well as high-cut filters will balance the spectrum toward the higher
frequency while maintaining the largest possible bandwidth (Steeples, 1990).  If deemed
necessary, spectral analysis of the walkaway data will be done to determine the spectral
characteristics of the recorded information.  Once the seismograph's variable settings
are selected, the settings will not change for the duration of the particular line being
acquired.  This is to ensure consistency in phase and to avoid confusion relating to
plotting scales, alias values, and system response.  The parameters chosen to record the
CDP lines will incorporate the results of both the walkaway noise tests and the uphole
surveys.

The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 24-fold CDP stack.  The geophone station interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 4 ft, which will result in a 2 ft horizontal
subsurface sample interval.  The data will probably be acquired using a split-spread
source/receiver geometry to enhance dip control and increase the redundancy of close
offset traces.  The source-to-nearest receiver will probably be on the order of 8 to 12 ft
with a maximum source-to-receiver offset of approximately 100 ft.  Modification to the
source/receiver geometries and offsets may be necessary after analysis of the data
acquired during the testing phase.

The equipment used to acquire the production lines will be based on the results
of the individual walkaway tests performed at each of the proposed line locations
during the testing phase of the survey.  Provided sufficient energy can be generated, the
downhole 30.06 firing rod will be the preferred seismic source for the production lines.
However, the sledge hammer and auger gun will be available if conditions require their
use.  The single L-40A 100 Hz geophones with variable damping capability will be the
preferred choice for the receivers on the production line.  If the 100 Hz geophones prove
not capable of producing acceptable signal-to-noise ratios, triple L-28E 40 Hz Mark
Products geophones cormected in series will be available.

The equipment and recorded data will be continuously monitored during
acquisition to ensure the highest quality CDP stacked section.  The response amplitude
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of receivers will be mohitored using a modified tap test performed after planting each
geophone or group of geophones.  The continuity and leakage of each active station will
be 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.

The principal CDP lines will be processed with commercial processing software
into a CDP stacked format at KGS's Lawrence, Kansas facility.  The basic architecture
and sequence of steps to be followed during the generation of the final stacked sections
will be similar to conventional petroleum exploration processing flows (Yilmaz,1987)
with exceptions relating to the step-by-step QC necessary for the generation of a
finished stacked section allowing confident interpretation of shallow features (Miller et
al., 1989, Miller et al., 1990, Miller and Steeples, 1992) (Figure 1).  The main 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 1 /4 wavelength of the dominant reflection energy, and coincident iterative
velocity and statics analysis.

Each analysis step in the processing flow will be available to LBA to critique.
Any additional information requested by LBA during the processing flow will be
generated within a reasonable amount of time (amount of time to be determined
jointly).  All digital information requested by LBA will be delivered by KGS on the
requested magnetic media (if available at the KGS).  All hardcopy printouts of analysis
steps as well as any specially requested data will be delivered to LBA on 11" fanfold
paper from a 180 dpi, IIf PaintTet printer, or, if necessary, a 300 dpi IT LaserJet printer.
Horizontal and vertical scale on hardcopy printouts will be set to maximize the analysis
potential and will be discussed and agreeable with LBA staff.

Special emphasis will be placed on all the analysis portions of the processing
flow.  It has been proved necessary and most effective to do velocity, spectral, and on
certain occasions deconvolution on every CDP (Steeples and Miller,1990).  Many times
variability in near-surface materials and/or conditions require changes in processing
parameter over distances of less than 50 ft (Steeples et al., 1990).  To insure the highest
quality, geologically representative stacked section, velocity analysis of every CDP is
necessary.  In association with point-by-point analysis, care must be taken to ensure that
all coherent events on stacked sections interpreted as reflections are reflections.  Biasing
processing parameters to enhance events interpreted as reflection that are actually
coherent noise must be avoided at all cost.  Differentiating reflection from direct wave,
refractions, air wave, and ground roll in the early portion of a stacked section is an
extremely difficult task and must not be taken lightly (Steeples and Miller, 1990).
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Quality Assurance (QA) and Quality Control (QC) During
Acquisition and Processing of High Resolution Seismic Reflection Data

This portion of this proposal establishes and defines specific aspects of the
shallow seismic reflection acquisition process that need attention to assure the highest
level of recorded data quality.  Quality Control (QC) is increasingly significant to major
oil companies contracting for seismic reflection services.  It is not uncommon for a
seismic acquisition contractor to be required by a client to do in-field, real time brute
processing of all data as well as continuous analysis of spectral variability and quality
throughout the acquisition portion of a project.  Some level of QC and Quality
Assurance (QA) needs to be maintained for seismic data acquisition and processing.

The most important part of any seismic survey is the initial walkaway testing
necessary to properly set recording parameters.  During this phase, all available
parameters significant to the geologic setting need to be tested.  In-field analysis should
be focused on significant and influential parameter settings.  The flow of in-field testing
and analysis will vary with near-surface conditions.  Some level of experience and
technical expertise is necessary and critical at this stage of data acquisition to insure
optimization of parameters.  Improperly collected data will be of limited or no use.  It is
not possible to extract signal during processing if signal was not recorded during
acquisition.

During the acquisition of the seismic data, changes in the near-surface need to be
compensated for, if possible, with parameter changes.  Some parameters need to be
consistent throughout the survey to maintain spectra and format integrity (e.g., analog
low-cut filter, sampling interval, etc.).  As near-surface velocity or depth to key reflect-
ing interfaces changes, parameters such as spread type, offset distances, geophone
spacing, receiver array, etc., can be modified to maintain the optimum recording
conditions.

Several seemingly insignificant physical conditions can drastically affect the
quality of the recorded seismic data.  The most obvious is poor geophone plants.  The
geophones need to be firmly planted and vertical to insure acceptable data quality.
Degradation in signal associated with inadequate geophone plants occurs as the cosine
of the angle away from vertical.  hconsistency in shot hole conditions and firing
procedures can affect both signal levels and spectral characteristics of the recorded data.
Blow-out of shot holes suggests more or different stemming is necessary to maximize
the available acoustic energy as well as minimize the air coupled wave.  Uniform
energy levels from one shot to the next and from one trace to the next is critical for
generation of meaningful CDP stacked sections. As might be imagined, when traces are
gathered according to a common midpoint, corrected for offset, and stacked,
amplitudes of individual wavelets are indicative of their relative weighting with respect
to other traces in a particular gather.  Undershooting obstacles and decreases in fold
associated with unshootable areas need to be handled so as to minimize the decrease in
signal-to-noise associated with discontinuous acquisition procedures.
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The most productive QC and QA result from continuous mohitoring and
analysis of recorded data.  Reflection events should be identified and their physical
properties monitored throughout the data acquisition.  Simple calculations of NMO
velocity, depth, and time intercept for the most important reflections enable quick
detection of changes in the subsurface or in acquisition techniques that may warrant
further investigation.  Attention to detail will generally detour most problems
associated with improper or ineffective acquisition settings and techniques.
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Ill.       RESPONSIBILITIES

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

IV.       SAFErrY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.         RIck Miller (KGS)-Site safety officer

2.         Larry Musson (KGS)coperations

3.         Larry cerillo (Louis Berger)|ompany Representative

4.         Brian Damiata (SAICLField consultant
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Safetv Meeting at Survev Site Date:

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

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

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

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

H      Site requirements (PPC) (gloves, hats, shoes)

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

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

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

The following people were present today:

Name /PRINT\                                ComDanv Signature

Site Safety Officer
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SI)ecific Safetv Requirements

Personnel Safetv EauiDment:  All personnel will be equipped with hard hats, safety
shoes, hearing protection, and eye protection while working in the field during the
seismic data acquisition phase of this project.

Vehicular Safetv EauiDment:  All KGS vehicles and the ammunition vehicle will be
equipped with ~a fir-st aid kit and a fire extinguisher.  A portable cellular phone will also
be required in the KGS vehicle and will be the primary means of communication in the
event of an emergency.

Fire /EXDlosion Prevention:  No smoking or open fires are allowed in or around the
vehicle carrying the blasting ammunition.  The blasting vehicle will be equipped with a
fire extinguisher.  The blasting vehicle will not be left running and unattended.  The
shotgun ammunition will be kept in steel ammunition cases which will be stored in a
locked steel container inside the ammunition vehicle.

Time of Work:  Attempts will be made to expedite all work during clear daylight hours
under unrestricted visibility, in good weather conditions.

Accident Prevention Plan Participation:  All personnel participating on this project will
be required to review this plan.

All will be requlred to comply with rules outlined with this plan.  Failure or inability of
ORNL or KGS personnel to comply with the site safety guidelines presented herein will
be grounds for suspending all project work until compliance can be assured.

Copies of this Accident Prevention Plan will be on the dashboard of each project
vehicle.  Emergeney call numbers and evacuation routes are posted on the Recording
Cube wall.

The following are the General Health and Safetv Rules required by KGS for all staff and
subcontractors in all operations.

1.         Accidents or injuries must be reported immediately to the site safety officer, no
matter how minor they seem.

2.         Know how to do your job.  Check your work area to determine what problems or
hazards may exist.  Review the safety requirements of each assigned job with
your supervisor.  Your activity may endanger other persons or nearby equipment
or property.  Take necessary steps to safeguard them.  Be aware of what others
are doing insofar as their actions may affect your safety.

Always maintain a safe distance away from any of the explosive seismic
materials and devices unless you are specifically authorized or trained to handle
these materials.  Keep persons not authorized in the use of these materials away
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from the explosive work area at all times.  Those authorized to prepare
explosives shall use every reasonable precaution including, but not limited to,
visual and audible warning signals, flags, or barricades to ensure safety.

4.         Report unsafe equipment, hazardous conditions, and unsafe acts.

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

7.         For your protection, obey all warring signs such as "Keep out,"'No smoking,"
"Eye Protection Required," and "Authorized Personnel Only."  Become familiar

with site specific emergency response plans.

Do not take shortcuts.  Use ladders, ramps, stairways, and designated paths.

Do not engage in horseplay or roughhousing at any time.  To do so may lead to
injury and/or be cause for discharge.

10.N

11.

12.

S staff erson is permitted to use intoxicants or to be under the influence
of any intoxicant or drug while on the job.  This includes any time when
operating a company vehicle.  Failure to obey this policy may result in
immediate termination of employment with KGS.

When in doubt about safety equipment or procedures required to do your job,
ask your Supervisor, Department Head, Site Safety Officer, or the Survey Health
and Safety Officer.

Failure to follow practices relating to your safety or that of fellow staff or failure
to properly safeguard equipment, tools, or materials may lead to discharge.
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V.        EMERGENCY INFORMATION

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport,

Explosives Unit:

State Environmental Ageney:

Client:

Emergencv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

Emergencv Routes
(hclu-de r6ad or other direction; attach map with routes highlighted.  To be filled out by
Site Safety Officer.)

HOspital:
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Procedures

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

RIck Miller of KGS is First Aid and CPR certified.  The following persons are also
certified as indicated (please circle area[s] of certification):

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Fire /EXDlosion:  Upon notification of a fire or accidental explosion on site, the fire
departrient shall be notified and all personnel shall leave the area.  Since Class "C"
shotgun ammunition may be used as part of the program,local fire, police, and other
governing authorities will be contacted and consulted prior to the use of any such
devices.

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

A.        Work Item:  Use of class "C" Shotgun Ammunition

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

Control Measures-All project persormel working with or around the shotgun ammuni-
tion, seismic guns, and associated equipment will exercise all appropriate and reason-
able precautions to prevent or limit accidents arising from use of explosives.  All
explosive devices will be Class "C," consisting of fully containerized smokeless black
powder in the form of shotgun ammunition.  Site work will conform with appropriate
and reasonable  Class "C" explosives handling, storage, communication, and detonation
procedures.  All seismic shots will occur in shallow boreholes 2 to 4 feet below ground
level.

RIck Miller of the Kansas Geological Society will be responsible for the safe use of the
two kinds of shotgun ammunition to be used.  He will review the blasting communica-
tions and safety procedures at the initial site safety meeting and again prior to the
initiation of the first seismic shots.  All project personnel must become familiar with and
abide by these protocols.

Specific shotgun ammunition safety measures as follows:

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

•      Transportation:  The ammunition vehicle will carry proper DOT labels and win be
operated by RIck Miller on or near site.  The vehicle will contain a fire extinguisher
and will be parked far enough off any road to minimize the potential for a cohesion
with other vehicles.

•      Handling:  Only RIck Miller or other KGS persons specifically authorized by the
KGS will be allowed to access, handie, and load the shotguns.  Shotgun loading
and firing will be conducted in accordance with the attached seismic gun operating
procedures.

•      Firing communication:  Rick Miller shall establish a series of warning signals to be
used prior to and following each shot.  One short horn blast or whistle blow will
signal the beginning of a blast,  He win review the precise waming procedures
with all project participants at the initial site safety meeting, and will monitor
compliance with these procedures.
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•      Safe Distances:  All project personnel not authorized to handie the shotgun
ammunition and guns must stay a distance of 25 feet away from the guns and shot
locations.  Non-project personnel will not be allowed in the work area.

Blasting shall not commence if any of these protocols is not met.

8.         Work Item:  Seismic Gun safety Rules

Documents entitled "Mandatory Safety Rules for Use of the .50-Caliber Seismic Gun"
and "Operations/Safety Rules and Regulations for the Auger Gun" are attached.  These
rules will be followed at all times during the collection of survey data.  Following these
rmles minimizes the potential hazard of operating the seismic gun.  Hearing protection
will be required for the seismic gun operator(s) if sound pressure levels exceed legal
lints during firing.

Operating Environment.  The .50{aliber seismic gun is a single-shot rifle that fires
standard military ball ammunition into the ground.  The projectile is fired into a hole 30
to 36 inches deep and two inches in diameter.  The barrel of the rifle projects about 24
inches below the ground into the hole.  The nominal diameter of the hole and of the
barrel differ only by about 1/8 of an inch so the ground provides an effective seal for
most of the air-blast from the muzzle and prevents ricochet of rocks and bullet
fragments at the earth's surface.  The barrel is firmly bolted to a steel plate that is 1/4 to
1/2 inch thick,12 inches wide, and 38 inches long.  Two crew members stand on the
plate to hold the gun in the ground when the gun is fired.  The seal of the air-blast is
good enough that a casual observer located 100 meters from the shot would not
necessarily notice the noise.

On some projects, the gun is fired above the earth's surface vertically downward
through an air-blast and shrapnel containment device that weighs about 400 pounds.
For this survey, the plan is to fire all of the shots below the ground as described above,
provided the tpower auger can drill holes to a depth of three feet at the test site.

Energy Release..  The energy release of the projectile is approximately 14£00 footpounds
at the bottom of the hole.  The gas pulse energy is not known, but there is very little
audfole sound at the earth's surface.  Under most soil conditions, the bullet penetrates
24 to 36 inches beyond the depth of the hole.  If the bullet were to strike a hard object at
the bottom of the hole, it is highly unlikely that it could come out at the surface.  First of
all, the bullet would be deformed upon contact with hard materials.  Secondly, the
collision would be less than perfectly elastic, so some energy would be lost in the
collision.  Thirdly, projecting to the surface at angles that would not strike the plate
would require a less energetic, deformed bullet to traverse more than 36 inches of
undisturbed soil, which is highly unlikely.  In previous experience, when the bullets
have hit hard materials such as solid limestones or cemented sandstones, examination
revealed that either the bullet disintegrated, or the rock shattered, or both.
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Transportation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber military-style ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

SDecific Hazards-The specific hazard involves accidents with vehicular traffic within
rae survey area.

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

VII.     SAFErrY ANALYSIS

The attached analysis list postulated hazards, consequences of those hazards, and the
means of prevention or mitigation of each hazard associated with this survey activity
(Attachment 4).

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated and is part of the
categorical exclusion for the site which has been filed by Y-12 Environmental
Restoration.

IX.       REFERENCES

Applicableportionsofthefollowingdocumentsformthebasisforthissafetyplan.

From the United States Department of Energy:

DOE Order 5480.16, Fi.rc¢r777s Sfl/Cfty.

DOE Report DOE/EV/06194-3, DOE £xpzosi.tJcs Sa/rty Ma7iacJ.

ID Appendix 0550, Sfa77derd Operflfjo77¢J Sa/2fty Rcq#i.re77ic7tfs, Part IH, Subpart I,
"Explosives"
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From the United States Department of Defense:

DOD 6055.9-S:TD , Ammunition and High Explosive Safety Standards

A;:R=385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target
Practice, and Combat

We, as members or visitors of the Seismic Reflection Survey conducted by the Kansas
Geological Survey on contract with Louis Berger & Associates, have read the previous
accident prevention plan and understand its content in whole.

Name /PRINT\                      E2a±g          ComDanv                                 Signature
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Attachment 4.

SAFETY   MALYSIS

Potential  ltazard

lost/Stolen  Armun]tion

Durincl  Loadinq/llnl oadinq:

Dr.opped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firlnq:

Muzzle  Air  Blast

Ricocllet

Flashl)uns

Consequences

Personal   injury  or  pro|}erty
damage   from  unauthorized  use.

l]ersonal   injury. from
accidental   discharge.

Damage  to  I]arrel,   breech,   or
bolt  and  resulting  personal
injury.

Personal   injury  from  flying
rocks,   soil,   debris.

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle  flashes

Page   1

Mitiqatlon/PrevenL±ion   Mechani sin
t

lmplementation  of   syst`!`ii   to   issue  daily
ammunition   allotment  aiid  control
inventory,   in  addition  to  physical   control
of  airmunition  at  all   tines.

Assure  training  of  personnel   tn  proper
handling  of  live   ammunition.

Assure  training  of  personnel   in  proper
handling  of  aiTrmunition   and   in-process
ins|}ect]on  of  aimiiunition  and  seismic  gun.

Close  fit  of  barrel   in  boreholes
suppresses  muzzle  air  blast  and   its
effects .

I)esign  and  use  of  seismic  gun  prevents   the
escape  of  projectile  or  fragments   from  the
borehole  with  sufficient  energy  to  cause
personal  injury.

Discharge  into  earth  a?`  contairment  device
suppresses  muzzle  fla3li.



I)age   2
SAFETY   ANALYSIS

Potential   llazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged  barrel   -  dirt

Plugged  barrel   -  water

Barrel  disengagement  from
pl ate

Breech  disengagement  from
barrel

Ourinq  Transport

Accidental   dtschange

Consequences

Personal   injury  from
subsequent  accidental
discharge  of  misfired  round.

Injury  to  unintended  target.

Damage  to  barrel   and
resultant  .pe.rsonal   injury.

Damage  to  barrel   and
resultant  personal   injury

Personal   injury  to  crew
member(s)   l]y  flying   rifle

Personal   injury  to  crew
member(s)   by  flying  breech
and  bolt  groups.

Injury  to  unintended  target.

MitJqatjon/Prevent|on  quechanlsm
I

Assure   training  of  personnel   in   proper
handling   and   disposal   of  misfired
armlin i t i on .

Assure  that  operating  procedures
prevent  trans|tort  of  loaded  seismic  gun.

Assure  that  operating  procedures
include  tliorough  bore   sighting  between
sliots  and/or  probing  with  dowel   after
installation   in  borehole.

f:a#:et]::p:::?::i# g:::#:eior water'
and  sealing  of  end  of  barrel  with  tape  or
balloon  if  water  is  encountered  in
borehole.

Implement   an   inspection/maintenance
procedure  for  the  barrel-to-plate
attachment.

Implement   an   inspectio.n/maintenance
procedure  for  the  breach-to-barrel
attachment.

ASsure  that  operating  prociid.ures  permit
loading  only  after  seismic  gun   is
installed  in  borehole.



SAFETY   ANALYSIS

Potential   tlazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechanism

Page   3

Ml tiqation/Preventi(ii.)   Mechani__sD

Assure  that  operating/tra'nsportation
procedures  require  thorou`gh   inspection  of
seismic  gun  after  drop  or  collision
incidents.      Setsmic  gun   is  disassembled
and  stored   in   special   compartment  during
veliicular  transport.



veIcnL  EVELUATloN  room

Elxployee  Name:
`lL{rfu    Corporation:

Date of -=
I  have  reviewed tie  results  of .tbe medical healtb history,  physical
erELzninacio{],  and  laboratory  te:ts  prescribed  for  an
(initial/annual/exit)  exam and ;¢ercifr  that  the  record  tis/is  not)
coxplete -

Clearance  for  Hazardous  Waste  Site Work
'

fig  per  OSHA Hazardous  Waste  Operations  and Emergeney Response
Standard  (29  C=R  1910.120) ,  Thj±  individual was  exained for medical
conditic>ns  that  would place  his/her at ` an  inc=reased risk of  material
ixpainent  of  health  from hazel.:doug  waste  site vc>rk.    Based  c7n this
e3ramination I  certify that  tills: irdi7idral:i
Ccments:

has  no medical  contraindications  to f`ill pectic:ipation in
ha2ardotis  waste  site  walk,  .when conducted  under  the  conditions
of  adequate training aha a health az]d safety plea.

has medic=al linitation±  that restrict  full pal+Licipation in
hazardous  waste  site wbrk.     (Describe work fT]nction
Irritations,  i. e, ,  lff[ing,  teaporary liritation, pending
medic:al  fo]low-up  wozi{£L  eta. )

'

is  medically  restricted from any direc± work with hazardotis
waste  c>r ha2ardc]us .waste sites_     (Describe work  linitatic>ns. )

neaeval/hcnora  10/89



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 aLmmo must be limited to trained personnel only
Live rounds caLnnot be stored closer than 5 ft from guns

8.        Cleaning

1.          Daily:

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

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

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



C.        Firing

1.         Assumptions

NONE

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



March   24,    1987

llANDATORY     SAFETY     RULES     FOR    USE    OF    THE

.50-CALIBER    SEISMIC    GUN

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

Operational  Saf ety  Rules

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

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

3.      ALWAYS   unlock   the   bolt   when  moving   the   gun   (disar'.A   it).

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

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

6.      ALWAYS   double   check   safety   procedures.

7.      Use   cotnmon   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   tx)Its   are   tight.     Do   not   .force   C'ne   gun   down   an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   t`{ia[   t`ne   base   plate
rests   on   the   ground.     Have   two   people   stand   on   the   plate   .*.nen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

I.f   the   hole   t`as   .t7a[p.I   ln   it,    seal   the   muzzle   of   the   gun   w.i.ch   tape   o[   a
balloon   to   keep   water   from   seeping   iiito   [l`e   I)arrel.      Avoid   th.is   situ..i[ion,    i£
possible.     Water   in   the   barrel   inay   seriously   damage   the   giin  when   fired.
Injury   is   possible.

Surface  Mode

Be   sure   all  mounting   bolts   are   tight.     Carefully   pro[ec[   the   breech,
trigger,    and   bolt   when   tnoving   the   apparatus.      THE.   TRIGGER   IS   EASILY   BROKEN
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OPEBATIONISAFETY BULES AND BEGULATIONS
FOF} THE

AUGEF3  GUN

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   handler.s
must  always  assume   the   firing   rod   is   loaded   and   the  safety  is  off.

ODeration    and    Safetv    Peaulations

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

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

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

4)     The  firing   rod  is  stored  unloaded   (no  sleeve  snapped  onto  the
bottom)   in   the   left   side   storage   holster   during   downhole   placement
and    in-field   movement.



5)    Only  after  the  auger  has  been  Screwed  into  the  ground  and  the
center   bit   extracted   and   placed   in   the   right   side   storage   holster  will
the  firing   rod  be   removed   from  the  left  side   storage   holster.       The
shells  should   be   pre-loaded   into   metal   sleeves   and   ready  for  loading
prior  to   removing   the   firing   rod   from   the  storage   holster.     Once  the
firing   rod   has   been   removed   from  the   holster,   the  firing   rod   should
be  pointed  toward  the  ground  and  the  loaded  sleeve  snapped  into
place   making   certain   that   nothing   (hand,   finger,   etc)   is   covering   the
powder  end  of  the  sleeve.     The  firing   rod  should  then  be  immediately
lowered  downhole  and   locked   into  place.

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

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

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



hiproved Shallow Seismic-Reflection Souroe: Building a Better Bumo

John Healer,  Joe  Anderson, Richard rtyl_iller,  Dear. Keisu)etler,  Don Steeples,
and   Brett  Benn,ett,  KCLrrsos  Geological  Survey

SUMMARY

An improved design of the t)uffalo gun,
incorporating hole drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordab]e seismic
signal than the traditional buffalo gun.   The 'auger
gun'  is  designed  to optimize field  efficiency,  source
couple, aLnd safety.   The auger gun consists of three
main parts:   power source, auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gim 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,
hal.e a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison  t,o  the buffalo gun.

INTRODUCTION

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

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

the 200 to 600 Hz range in comparison to hammer
sources (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 energy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(Miller et al.1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile  sources  with a  steel  containment
plate (Steeples et al.,1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole  (generally 6  cm,  or so)
approximately 80  cm deep must be bored.   The auger
gun  described  here  incorpoi.aces  all  the  pre`.ious
opei.ations  and  configurations  into  a  single  pass
source.

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

Operation of the auger gun is a three-
step process:   (1)  screwing the  auger flight  into  t.he
ground,  (2) loading and firing the gun,  and (3)
unscrewing  the  auger  flight  from  the  g!.ound.   Once
the  4-wheel-drive  loader is  in place,  the  containment
plate  is lowered  to  t,he ground  sui.face  with  t.he  weight
of the loader placed  on  the plate.   The  hollo\`.-stem
auger flight is  then screwed into  the ground  using a
gaging device designed  to  ensure  the  night is  screwed
into the ground at a fixed rate and no material is
removed from the  hole.   Screwing the  auger flight
into the gi.ound accomplishes  both exceptional  blast
contairim.ent  and  minimal  residual  borehoie.   After
the auger flight is  securely screwed  into  the  ground
80+  crn,  the  modified  buffalo  gun  is  loaded  (by  sliding
the  gun over a  shotgun  shell`/,  1o\`'e!`i.d  do\`.n  the
center of the  hydraulic  drive head,  through  the
hollow  stem  auger  fligliting,  and  seutcd  into  a  sleeve
at the  base  of t,he auger flight.   \Vatei. can be poured
through  t,he  hollow  stem  auger  prior  to  downhole
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placement of the buffalo gun to improve source
couple.   Once I)ositioned, 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 chanber.   Another improvement
is related to containment of the entire gun
mechanism in its downhole position throughout the
firing operation.   Finally, the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.   The entire design and
operation of the auger gun revolves around
maximizing the recorded reflection  energy without
compromising the safety of the operator or
bystanders.

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

RESULTS

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

Auger gun and buffalo gun field files
acquired  under identical  conditions  allows  for
comparison  of several  key  source  characteristics
(F`igure 2).   The amplitude of the data is noticeably
higher with t,lie auger gun with very little  difrereJice
in the dominant frequency on either field file.
Reflect,ion 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
ainval clearly dominating the  upper  120  ms of the
unfiltered files.   Some subtle indications of 50 Hz

ground  roll  are  st,ill  present on  riltci.cd  riles.   Tl`e
general characteristics of the 80 ms  reflect.ion 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  environmerlt
make  considerable  difference in the  amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space bet,ween 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 b.v over 50 percent.   Sigi`iricanL
variability in frequency and amplitude of the recorded
energy resulted  from  slight changi`s in  the  do\`'nhole
environment.   These subtle changes  and  their
resulting effect on  the seismic data are indicative of
how the near  surface  acoustically responds  to gun
powder  explosions.

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition rates  and recorded
reflection energy at most sites when compared to  the
traditional buffalo gun.   The auger gun is  a
modification  of the  original  buffalo gun  design
(Pullan and MacAulay,  1987), and at some  sites will
represent an improvement.   As  with all  seismic
equipment and  techniques,  site  characteristics
dictate  relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000  grains of black powder.   Pi.eliminary
testing indicates  that at some silos it rna.v be possible
to acquire over 500 shotpoints a da.v when scat.ion
spacings  are  5  in or less.
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Fig.  2     Auger gun  field  file /`left)  compared  t,o  the
buffalo  gun  (right,).

containment
screw guide

Fig.  1      Diagram  represents  r.I``L.  ``iu3er  gun  in  above-
ground  position.    .\[t)tiil':,ed  'bufTalo-gun
portion  of t,he  auger  ,rur`.  i`i  .r`,ot  shown.  but is
conceptually  the  san`L.    i`s  prf..`.'iously
documented  (Pull:in   ._il'i/1   .`,I:iL`.\ula.v,1987).
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Fig.  3     A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo  (right)  guns.

050 loo                  150                  200                  250
frequency (Hz)

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



l}ovnl`olc   .50-c.LLbcr   ltlf lc-aa   ^dvancc   Ln

lll#li-rl.8oLuclo.i   Scl.a-lc   Source.

I)on   W.    S[ceitlc3,    Rlcl`ard    I).    .1lller,    Ralph    W.    Kliapp,

I:al`S.is   cat)loglc.il    Survey.

SuunRy

ln   a   dl[ecc   compdrl8on,    the   do.r`holc    .50-caltbe[
selsqLLc   eource   produced   oore    selsnLc   er`et'8y,   a
broader   body-Wave   frequency   speccruD,    at`   adplltude
drop   ln   the   air-coupled   v&ve.   and   .   higher   doti)1rlanc
f requeTicy   o[   the   recorded   body-vave   et`ergy   than   the
•1lenced   ®u[face   .50-caliber   .ouree.     The   recorded
•elgl-1c   energy   of   [lie   dovt`hole   rLf le   Shoved   an
Lncrea®ed   aof)llCude   of   6   [o   12   dB   over   that
recorded   by   Cl`e   811enced   .u[f.ce   rlf le.      The   dool-
nan[   f requency   o(   [I`e   recorded   ref lecclon   el`er8y
vag   congls[ently   20   Co   40   H2   higher   than   Ct`e   But'-
face   rifle.     The   &1r-coupled   vave   .I]pL1[ude   Was
dec.e.eed   over   12  dB   by   .ub.uFf&ce   f l[1n8  of   the
rlf le.     The   f requency  .pec[t.`I-of   the  bodyi7ave
pul.e  va8   bra.dcned  by  .lElo.[   .  half  OCC.ve  ori  the
high  end.     The  ..I e[y  of  oper.tloti  of   the  .ource  1.
Tio[  coopro-1.ed.     Refleccot.  vlch  .  dolilEl.t`t   fre-
quency  ln  exce..  of   180  llz  can  be  .a.lly  ldet`Clfled
oa  field  I lle.  .t  depth.  of  le..  [h.Ei  J0  tl  u.lag
[I`e  do`mhole   .50-c.llber  rlf le.     Ideotlflc.Cloa  of
loo-!lz   re€lectot..   fro®  I,loo  -1.   po..1ble  on   field
I Lies   of   oulclple  vercLcllly   .C.c*ed  domhole   .50-
c411be.   ehot8,     The   eout'ce   vLll   operate   ln  &n
ef I lcLei`C   manner   collecclng   COP   data,   coa]foon-of fse[
data,   or   .pot-correlaclon  data.

lNIRODuCTION

Incrl.;"tni:   el`vlroim.?ncf``   .`nd   cn8lr`eertl`8   ^i.pil-
l-I.lLol"   o(    rl.[Lt!c[Loi`   eel8q]olog)I   `Iovc   8pu[red
re8c.ircll   ni`d   developmei`c   of   8hal\ov   hlRh-reFiolu[Lon
rt:rlt!c[lui`   tccl`I`lqul.a   nl`d   equlit.ent.      Rcsoluclui`   ou
tl`e   order   of   A  necer   L®   r`eces.ary   to   de[ec[   ulct'a-
®lmllo.   Cargecs   ttl`l.cl`   at.e   generally   cl`e   goal   of
-o8[   envlroi`uantnl   .ii`d   engtneet.Ins   Btudle8.     This
lt`ct'ed8Qd   rcsoluclon   can   bc   obtained   by   boogtLng
the    r[|.ti`ici`cy   of   CI`c   8oiirce   pulse   vhlcl`,     ln   Curri.
Lncreaaeg   the   domlnaT`C   f requency   of    Ct`e   cecordcd
gelsmlc-[eflectlol`   energy.      Ceileraclng   the   l`18h-
€reque``cy   sel6ralc:   source   pulse   neceaaary   for
Shallow   appllca[lon8   has   been   accoapllshed   tn   a
a.ul.[1cude   of   dlf ferenc   vays    ln   the   past    (`1111er   ec
al.'    1986).

Recent   seLsmLc   source   advances   ac    the   K,an8.is
Ceologlc3l   Survey   (KGS)   have   -alnly   revolved   around
surface   pcojec[Lle-type   eou[ces   (Steeples   and
K-lapp.    1982;   Hlller   and   Steeples,    1986:    Seeber   and
Sceeples,1986).     A   .50-caliber   rl[le,   uhlch  uas
desl8t`ed   and   built   Co   Safely   fire   a   750-gt'aln   bul-
let   ver[tcAlly   loco   [lie   8roul`d.   has   not.e   I.ecer`Cly
beeii   ada|iced   to   opeTace   pdrclally   underground   vl[h
orily   [Iie   flrln8   apparacu6   above   ground.      This   al-
lows   Bafe   opera[1ong,   a   hlgl`er-€[equei`cy   Source
pulse,    and   an   lr`creased   signal-co-r`olse   raclo.

¥.?.I.t:.N..A.N.I!.:r.I.:.€Ll.N.t.Q9.a.

Tli¢    i!.:i`cr.il    desLBi.    ceil[ers    arouf`d    oi.[1roL7.Li`i.,    [lic

cul`vcT.ilul`    t.l'    ci`urgy    iirod`icl.d    by    .1     .5U-c.iL1`il.r
rif Li?    h`ill`?I     ln[o    *clsmtc    (acr.us[[c)    u`1`/es.       Tl`c

majo[Lcy   o[    the   energy   produced   b/   a    .50-caltber
round   8oeg    lnco   acccleracln8   tl`e   projec[lle   and
lT`[o   exhau8C   gases.       Prevlou61y,   vl[l`   above-ground
•ources,    we   have   sller`ced   and   dlspersed   the   exl`ausc
8aae®   1t`  hopes   of   elloLn4Clng   or   a[   least   greatly
rcduclrig   the   ef I ecc8   of   the   air-coupled   vave   on
3el8oLc   data.      The   dovnhole   .SO-calLber   rlf le
ne.fly   slnul[aneously  excl[eg   the  ea[Ch   .lcl`   a
ProJecclle   and   vL[h   exJ`au®t   gases   vhlle   cof`CalT`Lr`g
n]oe[   oC   the   air-coupled   vave,    rcsuLtlng   Ln
lncrea8ed   €requency   and   sl.anal-Co-noise   I..Clo   oi`
8el8ailc   record   secclons.

The   downhole   .50-caliber   selsmlc   source   con81sCS
of  a   .50-caliber   t.1fle  bolted   co  a  a.6-co-thick
®[e.I  plate.     "e   rifle  1[..elf   ls  a  ec4I`d.[d   .50-
c&11be[   breech   and   bole,   buLIC   by  Texas   Curl   and
H.ct`1tle  Coopany,   .cC.ched   [o  .   .Caf`dard   .50-cat.Lbe[
t].chllie-gun  b.rtel.     Xachlned   grooves   LI`   the   barrel
are  u.ed   Ln  cqnjunc[1oa  vl[h  a   pr.S.Ore  clamp   [o
•CC.ch   the   rifle   co  a   30-co  by   90-cli   steel   place.
The   rifle   barrel   13   lovcred   Lnto  4  60-   [o   80-cn-
deep   borehole  4   ca   Ln  dlanete[   un:Ll   the   place   ls
f lu.h  wlch   the  ground   surface.     Thlg   steel   plate
•c[s   as   a   ground   seal   and   a   placforr.   [o   scarid   or`
vhlle   i lrlt`g   the  gun.     The  vel8h[   of   the   shooter   on
the   place   and   the   8nug   (lt   of   che   barrel   co   Cl`e
borehole   valli5   help   Seal   Cl`e   8uA   co   Cl`e   gt.ound.
The   rlf le   can  be   equipped   vlth   a  source   Sensor   or
CLo6ut'c    Hv([cli    to   t;i`iicr.i[t`   ;`    limc.    hrl.:ik.       I(rLiit:
con   bc   Joi`e   eltlic.c   all.cirlc..`lly   by   s`>lei`olJ   ur
li].i^u^lly    by    plill(r`i..    I:Ii.`    rrl):) .... r.        Tli`.    III)viili`)\.     .`u-

calLber   veLt;lis   dboul    .J(J   .<t;   ;`iLJ    1*   c..isily    l'.o-iicrsui`
portable.

I`RE()Ut:NCY    ^NI.   ,|-JJl.

1.l`c    dovl`l`ole     .50    c;ILlh.:r    lil.u.J`i.:i.i     I-rulii    A    I.o    12    tlll

great:er   reco[Jable   seis.`lc   ei`erg,v   a:   equlvaler`[
offsecs    CI`an   cl`e   silencl.I   sur[acl.    .50   caliber    (Cl8.
I).      The   lnc[ea6ec    rec.:€ed   eaer6;..   'ooosts    the
§1gnal-Co-noise   er`ou8h   [o   s`ibs[dn:;ally   clean   ui)
the   record   secclon.      ?he   source-co-closest   geaptione
offsec   ln   fig.   .i   ls   43   a.      Besides   :!ils   ncclceable
Increase   in   recorded   seisilc   er`ers:..,   a   car.slscei`C
20-4011z   hoos[    ln    [lie   do.lnai`[    f cc`:`icl`c.v   of    cl`i`
Source   w,|velec    ls    cl`..irciccerl.qclc.

In   previous   shallo.-soijrce   coapa=isoiig   (y.iller   e[
al.,1986),    [Ile   surface    .50-c\1llbe:   perEor`ed   com-
parabLy   Co   Hlnl-?riaacord   ar`d   {`   l'J-5au8e   3uf falo
giirt    ln    Local    erler3:J    an`l    :-req`It!i`cy    s?eccrua=.       TI`e
noccd    Increase    i.1    (rel|uency   .ii`il    cr`e.-5y   vould   in.`k.2
the   do.nhole    .50-caliber   rl€le   co.i?``rable   I:o   [l`e   8-
gauge   But f alo   gun   ..rhlch   .as   .iaol`g   :le   besE    sources
Cesced    for    refle::ion    e'`.er3y   ve=s.Js    3roui`d    roll,
Cocal    erier8y.    ar`d    i.eq.ier`cy    r.ui`Cei`:.
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85  msec  Beflector  Wavelet

Amplitude  Spectrum
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FIG.  3     -The  amplitude tru!n  of  the  ref lection ulse  at  85  msec   is   almost  3   cctav==
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SECTION  vl  -TOXICOLOGY  (Product)            (Sl,lal.i.    A+rT:s    ALr.ri.LL`|it i'`.`

SEerloN  Vll -Splll AND  LEAKAGE  PROCEDURES  (Control  Procedures)

ACTION  FOFt  N^TEFtl^l REu^SE OR SPILL

Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking utensils  during
cleanup.    If  coritainers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for     respirator    use.    (See     29     CFR     1910.134).         Minimize    powde.-
contamination.   Clean  up  and  place  in  an  approved  DOT  container.   Isolate  and  do  not  seal.
Label ''Small Arms.Ammunition''.   Wash an 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  EMEf}GENCY,  CONTACT CHEMTREC  8OOL424.93cO
WASTE OISPOS^L NETtloo

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 prcoedures.

SECTION  VIIl  -SHIPPING  DATA
a.a.T.cuss                                            chss c Explosive       Om{-I)

SECTION  X -PHYSICAL  DATA

wELTtHc  roiNT              N/A VAPOR  PRESSURE                     N/A VouTllES                                    N /A

BOIllNGPOINT      - SoluBILITY " W^TEf`           N/A                      Ir EV^PofIA.rloH RATE           --|JJ.L|V^PonoEHsltt(^lr.1)N/A

(spEclFicca^VITv(H,o.1)         N/A pH                                                 N/A

lNFOF`MATION  FuflNISHEO  BY:

1475

C.  C.  Noonari
(203)  789-5436

DATE          Novemberl6,1985

D®partm®nt of  Ef`vlronm.ntel  Hygl®n.  erid Tor:
(203'  78-V|in COF]PORATION

120   Long  F]idqe  Road.  Stan(ord,  Connecticut  06S

OCEAN®   Network
t= u t= t] r. I u rv  f>uri N F  1 .AnrLO L I N.911



in'atchaJ  infdy Data §h.oat  .
W.y bJ. `I..a ro wh/ .rh
OS+{^..  L1.zlrd Conr"Inlcalion  Stand.rd,
29 CFfl  I.10.1200.  Sl.nd.rd  muea t-
con-I..d lor qD.cife /quj]m.rth

u.S.  bepertment ol L4bor
OcciJp.`ion.I S./.tv .nd He.lth Admlnlllr.tlon
(Won-M.nd.tory Fom|
Form Ape.out

OM8 No.12180072

•<».

®®tTTTT  |^- lJ\-a on t.b\ .nd lJ®
All   Shotsh®11  Arm\mition

RABrfu",*mde-b=LELRE=%r==fi:r*=L=
Scakm I    .. 'snall  Arms  Arminition-
Ll-r`ld`Inr. Nm. Em.rperlc7 T-. N`Imb-    .

Beminc}ton  Arms  Co. ,   Inc. (Sol)  .   676-3161
^LIL..--  ®ldt.I. Sn.¢ C*/. Snt` .rid ZIP Cot-I T.I.phan. Nutt>- b. InbrrT`.tJon

I-40  I  Highway  15.        . (Sol)      374-2246

I,onoke,   Ark.ansa8        72086               .    .    `    .          ..
0,I, P'qud`      8-12-86    .

•,. S}qp-`\It. ol piap.t-(OFif eri.O         .          .
W.G.   Bell,'  Chen  Lab  -Technical  Section

S.ctlon I - }1.ardou. Inqfodl.ntl^d.titlty hlorm.tJon

H-I-rdc].. Cciij]E=Fii= Go.dac chirnlcal I-r*t* Common N.in.(g)        OS++A PEl Acaut Tlv            A-Of7ffiiiiii}e=           ` giv®
Lead.,   Inorganic  and  i.Cad  ccapoundg.                     50mg/M

Ar8enl.c  and  ccm \|nd®                                                           10

Anthon and  ctm ndJ                                                    500  n
Bariuza  az`a   compounds                                                              5oo  mg/M3.
ttitroglyerln   (0.OS  rm  akin)   500. zbicrograns/M3  of  air

txJT  -  "STnall  Arms  Aminition"
Cla8ar  C  Explo.iv®

•  ORE-D

S.ctlori Ill - Ptry.lcal/Ch.mlc.I Ch-ractorL.uc.
Bc.no po,rl                                         . s#gffilt±i:)

Hot  applicable
Vp PT.-.Ir. (mm tlo.)    . Wutjnq Pcld

Not  applicable Not  applicable
Vpr a- pe . 1) - inprA-_T„^oTAPELi.caLLeNot  airlicable
-Sc±-tftyhW-

Lead  a  Lead  Styphnate  -  Insoluble/   Lead  Nitrate  -  127  gTn/100cc  Water  -  loo.C
Afpr- ul cb

Grayigh,  Gray,  Sllvory  llat.rial  i  No  odor
S.clJon rv - FIT. .nd Expto.loo l1.zird D.I.
Fwh Pod qwh udy FLLrrmrty uM un uE|

Not  applicable Not  applicable N^ t'^EJ-Lq
Material   i8  8elf  clxidizlJi flood  with  water  to  £1 ht  fire. and  cx)ol  Bh.lli.

Sfrol Fh Fgivq Ptoc-al-

un#eiTd¥iEr*tg#e  when  exposed  to  fleun®  and  high  tenperaturegle



s.ciico v - p..ciivrty o.t.
Srtyt, un- Cdr'uOu®^ut        riane8,   sparks,  percussion  or  shock  and  hi9b  .

S-
X texperatureg    (130®C)

lncorno.tlblllty (A/./.rt./. /a Arod  .. Strong  mineral  acldg  and  alkali.
tdytfu tfaii=`-ri o 8yfrdJEa   oxide8  of  carbon,  nitrogen  and  lead  ftDes.- Wry Cho C~k'^"       Heat,  fire,  static,.  £rlctlon  and Perc`]gglon.

Wu"-
X

SectJon Vl - llle.lth Hazard b.t.
flcii|.| ol Ejtry.                         Int`IL.llon?       Ftoes Sth7   cuts  or  abrasions  -ffiE1?clog

tTn#E `#igT:engctoria ,  efroryotoxin , mlnutrition ,
Weakness,   mental   confusion, allor  -

tr.eat  per  general  lead  expogngrei.  headache  and  T`ausea

Crfflnrgin..        -utp7----                      Lee I-7                   0SH^ Re.I-d'  Lead. Yes

6ior-rfs\fTgivT-a/EEFnn       .       F`efer  to  health.hazard  above.             `                                             .      .   .

LJ+dc±!  CondTtlon.     I
Giiil=r==f Aqqudd b|/ E-I- Gastrointestinal  tract;   kidneys,-blood  ar`d  central  nervous

System.           (CINS )

Ent~rd fhiAI ptt~         s*in.  £iu8h  with  vater}   if  8walloued  geeJ{  medical  actentlon

inediately.
S.ctlorl VII - Pr.cautlon. for S.l. Handllng .nd u®®
S].P. b a. Tofn A C... W.I.I-I I. Pet.._..I. cr SpAd                                                                                                              +

Use  nan-sparking  equipment  to  r:1eanup  and   store  stiells  -  a`roid  ignj.tion  sources.

:Fa_t¥_|¥__b_e __burned  per_ 'approp_I_i_?te  federal7   state  ar}d  local  reg_¥_±9±o_pra_gepgz=
contact

Ptt±- ro 8. T.fu h I+-rtho .rd Sthq

Refer  to  rel®a8ed  or  Spilled  data. abo`r®.--ho
I.abel  containers  -  "Small  Arng  Amunitlon"   rear  gloveg  and  6hrapr.el  protection.

S.ct)on VllI - Control W.qur..--f±IliiiL#i£"dri7tE:I
Osm    s^/Hn/SCBA

Q^.I  PTa.clh. Cnh.riq cr Efpdcih--Ti= Use  hearing  protectic`n  when   discharging  cart.rldg®8.

in   c,Jt ,,,,- Act
Prty )

Wort^trp.r`tc Pt icsc€i
Washhant.19±|f_±r.=



"¢ F-EB   u:    "±i   Lj'±:UElhl'..I   LLLi.Irt:ijLJ.rL   tjHi  ILr<T    .ji5   :j4£   £.jar\,u
aENERAL MOTofls cof`pof`ATioN`                  MATERIAL SAFETY. DATA SHEET

SECTION I

I .1' ,L=

SECTION 11 -lNGflEDIENTS
(lt,t ,11 lng,,dl®ntS)

C^S  P€CtsTj]Y  NO` *W *V CHEWcO N"t{Sl
`J|'#,dii!:.,€i##®#'f

7664939 37 Sulfurlc   ^¢1d +NA_

77)2185 1&1 .    Water M^

7439921 90 Leld        _      __ tl^_

£ep`ratot. ,   --                  _      -     ---
D4r,mt¢ -

--    ---._-_

¢]So   And   foveri      Pal_¥oro.Dvlet`e   £PIEftl..`

SECTION Ill - PHYSICAL DATA_.a,_u"a po,^tm.I  _S
-.`...-

^v aq,a   I-28o   I   .ol I:
y,AEpiESSUAt`  d2ri|3fa  I nd mciNT VOL.^Tii€ .y voLUM€ t"

t'^
mc£NT sOuO ®yWEIGHT1*' ul_

VAPOR  iENSITY  IAII-1)
NA

avAroA^TioN k^Tt I              I `)
\.

soii'6ii'.nlNMr3Ac|8ie      --       T- Pt' -                                            {
•

A'ta€cA{f\S€,\N[Ote°€!qutd   (acid   eontsnc}                           __   __    _       ___   |'SMffiA+     _ueu`O    #_

SECTION IV - FIRE AND EXPIOsloN llAZAF]D DATA



s8cTloN vl.flEACTrviTy DATA

ST^e'|ltt
uNST^el( CohollloNs to ^VOIO          -

tA,||
X I_

"COWPA alutY'm.I..i.I.!O.Va`d)      oxtdi2ing   or   reduclna   rna.[erial9

HAZ^AcOu   OICOMrasmoHl.aoucTS:   Than  heated.   cin   emit   hlchlv   taxIC   tunas.

Hcaloopnlyucp,USZJnow MAy accufl ¢OWDmorts TO ^vOIO,--
w`LL Haf oc¢u-fi Lri

SECTION Vll.SPILL OR IEAK PROCEBURE§
W CASE M^till^l 13 AtLusEO 0I

Conclln   .
St|ow!Fcffi.   ,taco-: •nd   feder.1  re2u`atlons   for  |¢1d  or  lead  .cr4

-±=:-:I:\i-.¥-=try_______.
SECTION VIll-SPECIAL  PROTECTIO_N INFORMATION



I.  `    tiL.:.   =:     '91    14:OT   CH13lJ    DIST    INFO_Met   OFC_CEI``CC-Il'1

|MATERIAL SAFETY DATA SHEET
PRODUCT SA   825   0012

HAZAA0  l`ATING
A  -   EXTREME
3  -  HIGH
2  -  MODERATE
I  -  8|'aHT

lN8loNIFIC^NT

SECTION|                                           ELL-BEE    LITHIUM__MLP    GREASE                    I   |O-lNaloNIF]c;ANT                       v   ®ac.,       ,
w I T C C)  MA^ ii i A C T u a ir` a  C iv `S 10 N  a Pl 6 lJ BSIC) iA A V EMEFGENCY  TELEPHONE

I ye¥3F,ACTURER      782_5eooEEEfaTREcii8Ooi424.9aoo
AOOREss  tNUMBEft. sTaEET. clTy.  STATE. zip cc)nfi

1

CH EM`CAI  NAME 08 FAMILY Fof]MulA
Petrol eum  Hvdrocerbon NA

•SE ctloN n  -.cHEMlcAL AND ptty8icAi.pROpERTiEs                          !ctlEMicAL..                                       `pHyslcA|.
hA:AEOOus OEcOMpcisiTioN fmooucTs FORM.         Seml-sol  ld

6 Ce!rbon   rr.onoxlde,   carbon   dloxide Ooofl
'N coMPATieiLiTy iK€6f ^w^y fflofur.I Mi nera Oil

Strong   cxidlzlng   agents   such  as:     hydrogen   Peroxide, ^PPEAR^NCE
6 ch,romlc   E!cld.    bror.ir`e '0 Grease
LIS? T ALL TOxlc ^NO HAZAROOus INafiEDigNTsNc)ne

|C)F\,,I         Ambe.r

P'2 ECIF`C  GRAviTtiwATEB-11RT 0 . 92¢

`EECT]oNiii.=~FmE.ANofxpLO8ioNt]ATA'` 80 LLING  PT.1S
NDA                     ®r®C

spEciAL Fif`E FiGHTiNG f]f]OcgouaEs F|ASH POINT IMETHOD uSEolAboveC.C).C.
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UNUSUAL FinE ^NO EXPLOSION HAZAfiDSDensesmc>ke €xTINGul8iiiNGAaENT5

a of]YCH€MICAI    X:  CO. ^T           ?5   .c Net I  : e I b I  a

=wATEftspaAv     ± Fo^M.WATEf]FOC%5ANO/E^fl"90TOTHeB '3
q.  VC)IATILE,a(|YWT*'

NA
2S

„t   evA"^TE.„|       NASgcTION  IV  -H€ALTH HAZARD DATA
pEPIMissiBiE CONCEN tfiATioNs iAml V^POI  PflESSIJflE NA

g            NDA
',lmm  Ho .I  ZO .C}

NAEFFECTS  Of  OVEREXPOSuRE '9 '^m  ,  '1

)a May   cause   skin   &   eye   irrlta+ion   wlth   prcllonged   contact. ®H  AS  IS
NA

T a I ico ic)CicAL pnopE A T [E S
30 pH'1

I NP,A. STIONO ACIDST.ONC8AS!
EMEf`GENcy  FiasT AID p8OcEc]ufies

]2iEyEs      Flush   with    large   amounts   of   water   for   at    least    15   mln.CallaDhysic,lenImmediately. sTA8|E                                                   -*uNstiaLE}'

33 SKINCONtACT        wasr,   thcroi.sh|y   with   soap   ar`d   Water. viscosrTV                        < too  -AT%So.iIOOOR*.^'=2

J`   lNHALAT|oN                  Not.

J3l            NA

"   iFswAiLow€o        Call    a    PhYsicier,    Immediately.
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MATERIAL  SAFETY  DATA  SHEET      pRooucT

F.i

SA   825   0012

vii-i-speelAt.pBECAUTioNs
pBecAUTioNs TO a€ TAKEN iN HANDLING ^NO STOAACE

Keep   containers  closed.

SECTION Vlll -TflANSIOFTA"ON DATA

a         uN.RfGDYgttTD  E

u.a. a.O.T..Ropfa aHipptNa NAME                                                                                                                                                                                 I

`7 i

:.,             aE€uoL.%T!°E
u.a. a.O.T. HAZAPIO CIASS I.a. NUM§EF]

4a <e

TRANSPORTATIONEMERGENCYINFoaMATIONCHEMTPEC1.18001434.9300
::                          |=SBELIS)AEQulAEO                                                                                                                                                                                    I

Ffi92 EIGHTCuSS!E':#':Teu,   Lubricetine   c`rease                                                                                      I

SiECL^L TRANspoaT^TioN NOTEs                                                                                                                                                                                  i

5J I

SECTION IX - COMMENTS

KE:i   OUT   OF   a:ACT   OF   CHI  L9REN!  !

We   bo`i6ve  th.   6{a|em®nts.   technical  intormatic]n  and  tecomm.ndatlon®  contained  h.r®in  are  reli®bl6.  but  they
are   given   without  warranty  or  guarantee  of  any  klnd.  expr®88  or  lmplj.d,  and  W.  a$9umo  no  le]ponfibllitv  for
any  loss.  damage.  or expense,  direct or consoquont`al.  arising Out of tho!r use.
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MATERIAL  SAFETY  DATA  SHEET

P.5

T6x   no.     :    042840
Prlnt   Date

Last   R.vlewed

a

P]rt   Type!   and   Number                                                           Part   name
------~---.----,--,------------------------------------.---------------,----,,,-
Ford    -U.S.     BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

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

---------------------  CHEXI GAL  AND   PHYS I CAL   PROPERTI ES  -.-----------------------

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

------ I ---------   HAZARD0l'S   AND   OTHER   0ISCLOSE0   INGR:DIENTS   ------ iE -----. E]I ----

P.rcent            ExpcsiJre   Llm!ts   -TWA
R.nge                ACGIH/OSHA(where   eat.)     CAS   number            Chefn:cll    Name

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

Expolure   Limlt   Abbreviatlens---------,---,I-,--,,~,---,,~-----,,-,
TWA-Tlme  W.lght.d   Aver.g®     C-C.fling

S-Short  T.rm   Expo.ure       Sk-Skin
Sol-Solubl.  Compounds             Fu-Fumes

ln]ol-ln.olubl.   Compounds        Du-Oust..,
1`

----------.---------------  REGIJLATORY  I NFORMAT I 0N  -------- I ------- I -------- I.

This   product   Cont]lns   .   toxic   chemicel   or   ch.mica`s   lubjcct   to   the   report!n¢
reqLjironents   of   Sactlon   313  of   title   I I  I   of   th.   Supcrfund   Amendm.nts   end
R.authorlzation   Act   of   198£   .nd   40   CFR   Part  372.

n--Jllr--±±±-±±±ii===± ------  S I GN^l  WORD  ===, :-====-=====±==-==----- ==-t:i-i

DANGER    --CORROSIVE

-----I------I-----------.----HAZARDS--------------.--------------1===---=

Contact   w(th   thls   in.terial   wlll   cause  burns   to   the   skin,   .yes   &nd   mllcous
m®nb raria8 .

Wh.A   thl.   mat.rlal    com.s    into   contact  with   the   ey.i,   serious   d&mag.   may   occur.
ThiB   product   ls   h.rmfLjl   by    lnhalatlon,   wh.n   in   contact   with   th.   Skin

lnd    if    lt   is   lwallow.d.
This   product   ls    irrlt.ting   to   the   .yes,   re3pir4tory   fystert   ar`d   skln.
This   prodljct   may   bc   fatal    lf    lt    ls   twallowed.

FC)RD   MOTOR   COMPANY
OEAa8ORN   Mi   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Pr1ntD`t...obpiao92e/8o2

-I---I -------------  TARGET  ORGANS   AND  ME0l CAI   CONDI TI ONS   ---- I -----------..- I--a

Ov.rexpo9ure   tc]   eon.   h]zardou8    lngredlentE   in   thl5   Product   hag   been   found
to   affect   certaln  body   organs   and   Sy3ton&   ln  cxp.rlm.ntal   anim.lt   .nd/or
humane.   The.e   include:

Lungs
Teach
Skln,    Ey®S.    and   R®8pir.tory   Sy8t®m

-lIL -.--------. I---I ---.-  AcllTE  Tax I C I TY  I Nf ORMATI 0N  ------------.-- I-llm ------ t

Based  on   th.  composltlon  of   th.   product   fdentlfled  by   th.  .uppller,
selected   portlon.   of   th.   acute   toxicity   Information   froin  RTECS   ar.
3S   follows:
7664-93-9         SUIFURIC   Aclo

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

............. I_ ....... Ill.  SAF E  H^NDL , NG  AND  STORAGE .... +Ill_..±_T_=:==± ........

Oo  not  breath.  s&a/filma&/vlpor/spray.
uie   thl±   product  with  ad.qu&te  v®ntll.tion.
Bo  not  g.t   thlf  in.t.rlat   ln  your  eyes.   on  your  tkini   or  oo  your  clothln!.
Thl.   ls   an  oxldl2lnq  .g.nt  -avoid  brf nglnq   lt   Into  cant.ct  wlth  .A
organic  materi.I .

Stol.  this  prodt.ct   in  .lr-tlqht  cont]lner&  awiy  fran  aourc.I  of  h.at  lnd
I ight.

------------ II-I   F IRE,   EXPIOS I 0N   AND   REACTIVITY   INFORMATION   I ---- ==-====== -------

Bringing   thlf   product   Into  contact  wlth   conbu8tlble  mat.rill   mly   caue&  a   flre.
EXTINGUISHER    INFORAATION:    Dry   chemical,    foam.    carbon   dloxide.
u&.  w.tar   to  cool   fir.-.xposad  containers  and  to  prat.ct  p.I.onnel.
W..r  salt-contain.d  bra.th;ng  app.r&tui.
Th!8   product   can   react  vlol.ntly  wlth   reducif`g  ]gent€   and.orianlc  mat.rlils.
Exp]oelve   HYBROGEH   GAS   may   be   r.I.a..d    lf   &qu.ou8   .olutlon&   of   thl.   mat.rlal
cemc    into   contact   with   reactlv.   metal!    (IRON,    ZINC.   ALUMIHUH)  .

Irritating  and/or   toxic  fun.a  and  giSe5  may  b.  ertlttad  upon  h..tlnq  ot
thl]   product.

The   decompo3itlon   of   thl8   product  will.  release   toxlc   galas.

FORD   MOTOR   COWANY
DEARBORN   Ml   48121
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Tax   no.    :    042840
Prlr`t  Date   ..   of/ao92e/go3

--------------------  PROTECT I VE  MEASURES   AND  TR!ATHENTS  ---- I ----.--------- I ---.

IIse   of   an    impervious   apron   ls   r®¢ommended.
ule   gen.ral   v.ntllation   and   u8c   local   exhaust.   wh.re   possible,    ln   cc)nflned   or
enclo5ad   8pace£.

Wear   eh.mlcal   goggl.8   and   fac.   ®hleld.
The  use  cf   n.opr.ne  glov..   is   reconm®nded.
In   e.3e   of   contact  wlth   ay.S.   rln.e   immedlately  with   plenty   elf  water   and   ..®k
medical    advice.

Immedl.tely   t&k.  off   all   contamlnat.d   clothing.
If   th.  materlel    lt   .w&`lowed,   get   limedlate  fnedic&l   attention  or   advice   --
Giv.  sev.ral   gla8ses   of   water  or  milk.

It   gas/fume/vapor/dust/mlst   from  the  materlal    is   inhaled.   remove   the   affected
per.on   lrmedi&t.`y   to   fresh   air.

For   &kln   contact   fliiah   with   large   amounts   of   water.
Wash   thoroughly   after   h.andllnc.

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

lf   the   product   i&   lngefted,   probabl.  miico=a`   d.mage  may   contr=indlcate   the   use
of  ga.trl¢   llvlge.     Tr.at   th.  affected  p.rson  aoproprlately.

11 ----.- I --------------  SP I LLS ,  LEAKS  AND  D I SPOSAL  --------------.----- d===

Ellmin.t.   all   .ourcal   of   lgnitlon  or   fl&mm&ble6   that  may   cone   Into   coritact         .
with   .   .pill   of   thls  mat.rlal.

Avo:d   .kin   cont]c:t   .nd   lnhalatlon  c)I   vapors   durlng  dilpo.il   of   epllls.
018po..   of   wa&t.  matarlll   .ccordlng   to   Local,   Stet.,   .nd   Fed.rat
Envlrorrm.nt.I   R.eulatlon8.

In   cage   of   large   .pill®,    foHow   all    f8ciHty   Em.rg.ncy   Refponse   Procedures.

.......... _ ...,. in ............. S P E C , AL REMARKS ............... _n .......... ===..

ThiS   i.   .n  lcldlc  mlt.rlal.

------  u.  S.   OEPARTHERT  OF  TRANSPORTATION   INFORHATloN  I ---- I ------ =

Shipping    name:    aATTERY    rLIHD.    ACID       uN:    279C
Ha:ard   Clasai   Corrollve  matarlal                   Hazard   L]bel:    Corrosive

The   chonlcal   name(i)    appearing   below   under   '`NAME"   must   .ppear   ae   part   of
shipping   A.me   lF   the   amount   being   Chipped   in   each   contalner   exc.ed3   the
quantity   .hewn   under   "RQ"   below.      The   l®tter=   ''RQ"   mu6[   a`So   appear   as   pl,-t
of   the   Shipplng   name,    ln   th.   form

•hlpp:ng   name.    ch®mlcal    home.    RQ.
For   u.S.      Shipmenta   fran   Ford   FaciHties,    eonsult   the   "Ford

Hazardoui   H.terial   Trangpertation   Control   Program"   hanual ,   c)th.rwise
con8ult   49CFR172.
------ ¢AS--RQ (Ibs)   -hlAME ------------..----------------------------------------

7664-93-9          2777          SuLFURIC   Aclo

FOBD   MOTOB   COMPAN.Y_ -.----,,, JI   J,01,1
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1'ox   no.    :    042840 °     prir\t  D.te  ,   oF/ao82e/9#

--------------- 11 ----------  PREPARAT I 0N   I NFORMAT I oN  ---------------------- E=---

Health   and   safety   Information   ha8   been   evaluated   by:

Environmental   &   Occupational   Toxicology,      Occupational   Health   6   Saf.ty,
Ford   Motor   Company
goo   Parklan.  Tower:   W.9t,    Dcarborn,   Hl      48126        ..

For   .margency   call:       (3`3)    337-3182   -or-(313)    323-0045    (for   24   hour   ..rvice)

This   ic   th.   last   page  of   thi.   HSOS.

FORD   MOTOR   CC)MPANY
OEARBC)EN   Ml   48121
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AVOC0   REGULAR   LEan-FREE   GAsoL!h'E

P.9

MAJ`tuFACTURER/SUPPLIER:
thoco  Oil  Conpany

2!!c::::  i:#::i: D:i:8l

"ERGENCY   HEALTH   IRTORMATION:       (800)    447-8735
EMERGENCY   SPILL   }NIORMATION:       (800)    424-9300

C"REC,  U.S.A.
OTRER   PRC)DUCT   §APETY   INFORATION:       (312)   856-3907

IMPORTANT  COMPOREuts:      Gasoline   (C^S   8006-61-9)   ^CGIH  TLV   300   ppn,   STEli   500   ppn;
OSIIA  Pal   300  ppn,   STEI.   goo  pen.
Een2ene   (cos   71-43-2)   ^CGIH  TLV  10   ppn;   OSRA  P=L   1   ppm
(8-hr.   TWA),   S"L  5  ppr   (15  nin.).
*See  Supplemental  lnfamatlon  Section.

WAENING  STAtERENT :    E::a::ie::t5:::ixe:::i:::: in:::ha::P::u::::eEi=:i:n§£C::a:::::a

and/or  a8plt'eted  into  lungs.   Can  produce  skin  lrrltation  on
Prolonged  ar  repeated  contact.   use  ag  motor   fuel  only.   Long-tern
exposure  to  vapors  has  caused  cancer   ln  laboratory  &nlmals.

"IS/NrpA  CODES: (HEELTX;I) (FL"AEILIT¥;3)(REACTIVITT;0),   Chronic  h.alth  hazard

APPEARAllc£  AND  ODOR!      Clear,   bright   liquid.     Characteristic  odor.

!1EALTH   RAZARD   INFORMATION

EFFECT :

FIRST   AID:

PROTECTI 0N !

EFFECT:

ETE

High  concentrations  of  vapcir/nlst  Day  caus.  eye  dl&comfbrt.

Flush  eyes  vlth  plan.ty  of  vat.a.     Get  Dedical  attentlan  if   irrltatlon
p¢r8 lstg . .

None  r.quired;   however,   use  of  eye  protection  ls  good. industrial  practice.

SXIN

Prolonged  or  ropeat®d  contact  can  defat  the  .kin  end  lead  to  lrrltatiofl
and/or  dernatltls.

FIRST  AID:        Wash   e][po8ed   8kln  With   Soap  and-Water.     Retnovc   cantanlnatod  clathlng,
including  Shoes,   and  thoroughly  clean  and  dry  b.fore  reuse.     Get  nedl£al
attentior\   if   iz`rltatlon  develops.

PROTECTION:     Avoid  prolong.d  or   r®p®ated  akin  contact.     Wear  protective   clothing   and
gloves   if  prctlonged  cir  repeated  contact   is   likely.

EFFECT i

INELATION

Vapour  hdrznful.     High  vapor  concentrations   can  cau.e  headacheg,   dl2Zlne8s,
drovsineg8   and  nausea.     See  Toxicology  Section.

FIRST  AID:        1£   adverse   ef fects   occur,   remove   to  uncontanlnated  area.      Give   art!f icial
respiration  lf  not  br.aching.     Get  n.dical  attention.

PROTECTION:      Use   with   adequate   ventilation.      Avoid   br®athirig.  vapc)r   and/or  nis-..      1£
ventilation   ig   inadequa`.a,   use   NIOSH/MSIIA  c®rtif led   resplratc>r  which   will
protect   against   org8r`1c   vapor/mist.
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HEALTH   HAZA.ap    INFORMATION   -   CONTINUED

EFFECT:

FIRST   AID:

P.10

INGESTION

Low  viscosity  prod.jct.     Harmful  or   fatal   if   asplrated   into   lungs.

If   swallowed,   do  NOT   induce  vomi'ting.     Get   lmmadiate  medical   attention.

FIRE   AND   ExpLOsloN   INroRMAT[ON

FL^smoINI:               -45OF

FLAiatAELa   LIMITS:      UPPER:      7.6%      LOWER:       1.3t

AUTOIGNITION   Tn<pERATURE:                     4g5oF

EXTINGUISHING  MEDIA!     Agents   approved   for  Class   8   hazards   (..g.,   dry  chenical,   carbon
dloxid.,   halogenBted  agents,   foam,   st®an)   or  voter  fog.

UrosuAL  rlR£  AND  EXPI.OSION  mzARDS:      Eltrem®ly  flammable  vapor/air  nixtufe8   £orm.
.Extlnguighment  of   f ire  before  sourc.  of  vapor   is  shut  off  can  create  an
exploglve  mixture   ln  air.

.PRECAUTIONS:     tcoep   away   from   ignltloA   Sources   (e.q.,   h.at,   sparks   and  open   flaneB).
K.®p  contain.r  closed.     Use  With  adequate  ventilation.

REACTIVITY   INFOE}<ATION

DANGEROUS  REACTIONS:     Avoid  chlorine,   fluorlne   and  oth.r  strong  oxidizers.

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

STABILITY:      Burning   can  be   Started   easily.

CREMICAL   AND   PHYSICAL   PROPERTIES

80IL{NG   POINT:                       80aF   TO                 430°F,   Range

SOLUBILITY   ]N   WATER:      Negligible,   b.low   a.lt.

SPECIFIC   GRAVITY   (WATER   a    1):                       a.7S

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

VAPOR   DENSITY    (AIR   -i):                    3   TO               4
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STORAGE   AND   ENVIRONMENTAL   PROTECTION

SrofiAG!   fiaQUIREMENTS:      6tor.    in   flarm`able   i
Store   away  from  h.at
accordance  with  appl

qul6s   stc>rdgo   area.      K®®p   container   c:laged.
ignltlon  sources,   and  open   flame   in

cabl®  federal,   atatc,   ar  local  regulations.

SEll-LS  AND   LEAXS!      Remove   or   shut   of i   all   Sourceg   of   ignition.      Use   water   Spray   to

€i:::5::tv:::::iaLt?:::::Ce:£3:1:::i::i , ;:±!::8:::;i.  C£::;1:u:no:n
Severs   and  waterways.

WASTE  DISPOSAL:     Residues   and  splll®d  Datorlal   ere  ha2afdou8   Waste  due   to   ignltablllty
Disposal  nest  be  ln  accordance  vith  applicable  federal,   state,  or

ulations.     mcloaed-controlr®a   incineration  1g  reconn.ndedlocal  re
unless  di rected  oth.rvi8.  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   af   sewerg   and  wat®rvays.      Avoid   strong   oxidizers.
Report   aplllg   to   appropriate   authorities.      USE  AS  MOTOR  fuEL
ONLY .

TOXICOLOGICAL   INFOENATION

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

SKIN:     Primary  dermal   irrltatlon  Score   1.1/8.0   (rebblts)
than  5nl/kg   (rabblt8).     Practically  nontoxic  for

IN}1ALATION!      Acut.   LC50   20.7mg/i   (rats).

.      Acute  dermal   LD50  greater
acute  cxposureB  by  this   route.

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

Exceaaive   .xpo®ure  to  vapors  may  produce  h.adacheg,   dizziness,   nausea,   drowsi-
ness,   irritation  of  eyes,   nose  and  throat  and  c.ntral  nervous  system
deprega 1 on .

In  a  long-ten  lnhaldtlon  .ttidy  of  Whole  unl.aded  geeoline  vapors,   expo8ur®-

!!;:;i::!i:;:!#:::;:;::i:::::::i::a::::::::i::;::::ni:::::;:!!!!ii,::ar
tunor!.     Re3Lilt§   from  aubaequent  sci.ntific  atudleg   Suggest   that  the  kidney
denage  and  probably  the  kidney  tuner  response  are  unique  to  the  male  rat.     The
81gnlf icance  of  the  nouee  liver  tumor  response   in  terns  of   hunan  health   is
quest lonable .

Inhalation  of  whole  unleaded  gasoline  vapors  did  riot  produce  birth  defectg   in
leborator}.  animals.

Gdscline   ls   a  Complex  mlxtur®   of   hydrocarbons   and   cc]ntaing   benzene   (up   to   4
Volunc   %),   toluene   and   xylene.      Chronic   exposure   to   high   levels   of   benzene   has
beer.   ghovn  to  cause  cancer   (leukenla)   in  hunang   and  other   adverse   blood  e££ects
(anemia).      B®nzene   is   considered   a   human   carcinogeri   by   IARC,   NTP   and  OSHA.

:::;.::::::eh::d:¥£:n:n:nfd:::::::  C:k:a:::e:r::::::a:A:°L:i: ¥£::#::I::a.
were   seen   ln  chronic  studies  on  xylene   ln  guinea  pigs  but   not   ln  rats.

Aspiration  of   this   prc>duct   into   the   lungs   can  cause   chenlcal  pneumonia  and  can
be   i atel.      Aspiratio.r`   into   the   lungs   car\  occur  while   vclmiting   after   ingestion
of   this   product.
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REGuliATORY   INFORMATION

I.1£

C=RCLA   RE:PORTABLE   QUANTITY!
This   product   is   exempt   I ron'  the   CERCLA  reporting   requir.in.nt8   under  40   CFR
Part   302.4.     How.v.r,    if   Spllled   lnta  Waters  of   the  Unit,ed  Statog,   it  may
be   reportable  under   40   CFR  Part   153   if   lt  produc®g   8   Sheen.

I)OT   PROPER   SHIPPING  NAMES      Gasollr\e,   Flarmdbl®   Liquid,   UN1203.

osrA  HAZARI)  CormNICATION  STANDARE :     #s¥:b:;  iE8#'  c:::i:i:t€om§:::i::if::::n£;ts

OSHA.     Contaln4   a  carcinogenlc  coupon.nt.

RCRA   STATUS:
This  product   is  Subject   to   the  40  CFR  Part   268.30   land  ban  c]n  the
disposal  of  c.rtoin  hazardaug  va8tes  becaug.  it  contains  th.  follovlng
Substance ( a ) :

COMPONENT/CAS   NUMBER

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

.SARI   STATUS:
Thl8  prc>duct   i8  regulated  under  the  following  a.ctlon(8)   of  SARI  Title  Ill,   42
Use  9601.   Splllg  or  releases  of  the  product  nay  b.  repartable  ag  dot.mined  by
the   infarmatlon  given  below!

SECTIONS   311   ANI]   312   0F   SARA   AND   40   CFR   PART   370:
This   product   ig  deflned   ag   hazardous  by  OSHA  under   29   CFR  Pert  l910.1200(a).

SECTION   313   0F   SAEA   ANT)   40   CFR   PART   372!

:¥±:  i:O#C:F£O:::±n:;:?a   following  substances,   which  are  on  the  Toxic  Chemicals

COMPONENT/GAS   NUMBER                                                                                                 WEI GHT   PERCENT------------------------------------------, I I, , ~ -----------, I ~ ----
Benzene   (71-43-2)         .
Ethylbenzene   (loo-41-4)
•oluene   (108-88-3)
Cyclohexane   (Ilo-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!      All  of   the   compc>n®rits   of   thl8   product   dr.listed  on   the  TSCA.Inventory.

S'u.PPLEMENTAL   INPORA'l`ION

Gasoline   is   a  complex  mixture   of  hydrocarbons.     Those  @djor   cc)nponent3   having
occupational  .xposur.  limits  are:

Butane    (GAS   106-97-8)    ACGIH   TLV   800   ppn;    OSRA   EEL   800   Ppm.

Cyciohexane    (GAS   ilo-82-7)   ACGIH   TLV   300   ppn;   OSEL  Pal   300   ppm.

Ethylbenzene    (GAS   100-41-4)    ACGIH   TLV   loo   ppm,    STEL   125   ppm;
OSHA   EEL   loo   ppn,    STEL   125   ppn.
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SUppljEMENTAL    INFORMATION   -   CONTINtJED

P.13

r\-i{®ptane    (GAS   142-82-5)   ACGIH   TLV   too   ppm,    STEL   500   ppm;
OSHa   PEL   400   pprr`,    STEL   500   ppm.

n-Hexane   (GAS   ilo-54-3)   ACG}H   TLV   50   ppm;   Osm  EEL   50   ppn.

P®ntan.    (GAS   109-66-0)   ACGIH  Tl-V   GOO   ppn,    STEL   750   ppm;
OSHA   EEL   GOO   ppm,    8TEL   750   ppn.

Toluene   (GAS   loo-88-3)   ACGIH  T1,V   loo   ppn,   STEL  150   ppn;
OSRA  Pal   loo   ppm,   STEL   150   ppm.

Trim.thyl   b.nzene   (CA8   2§551-13-7)   AcalH  TLV   25  ppm;   OsllA  PEl-2S  ppm.

Xylene   (CAS   1330-20-7)   ACGIH  TLV   loo   ppn,   §TEL   LEO   ppm;
OsllA  Pal   loo   ppm,   STEL   150   ppm.

ISSUE   INFORATION

BY!

7e G€e-
R.   G.   Farm.r,   Director,
Product  Sdi .ty  a  Toxicology

ISSUED:      June   09,   1989
SUPERSEOESS      March   18,    1988

This  material  safety  data  Sheet  and  the   lnfornation  it  contains.  i5  offered  to  you  ln
good  faith  ds  accurate.     We  have  reviewed  any  information  contained   in  thlB  data  Sheet
vhlch  ve  rec.iv.a  from  Sourcea  outside  our  company.     W.  believe  that   iAfortnatlon  to  be
correct  but  cannot  guarant.e   lt-S  accuracy  or  coDplet®n.6B.     Health  and  eafety

:::::::::::  i:tt!:at£:t:8:¥?:tog:rg::!o:.t:a:S::::t:a:A:I:i:n#::a;:#u::a!::eiy and

:i.::::i:::i:a:::i::i:#:::g!:£i::i:;.i:::;;:!!Ef::i::i!:i!e::::,i:1;#:!i!::s
or   iaplied.
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•MAT-ERIAL  S.AFET'Y...DATA.fsHEE'T....._`.
.

• ..SECTION. I

fton   Oh®nlc&1  Co,-®1'---_`
Leau,t  gt 11.   60

r*®,I,|d                                .-..-. '`       .      .     .1...
Wlndeh V&Ih,I

fowul^
Mixture

.;. I         .        .,.  8E.CTION  II . . HAZARDOUS.INOREt)lENTS  .

p^iur8. pRESEAv^trvte. . 8oivENT£ * |V(unl'g) ^lloT8 MO WETAllIC COATINOS * TIV'U^''I'

rowEN,, N/A A|| Wn^| h,/A
cOTALteT

N/A Auo,, N/A
epele

N/A W.Tkllc C,o^Tntc5 N/A\
"VtNTe

N/A
Ill(A WE|^|

N/Anus  co^Ti.JO c)a cc)f`€ Flux
^t)O,',W4                                                                               .    .  I 'N/A •ot",,,.....`

N/A
a '"..®      . ''/A

ll^ZAncoue wixruAEe oi otH.a iiouio8.eoiio8, ofl o^SE3    I    , * |V(un'l,I

__.

H.th,I.A±coho[                     ,                                                .    a                     ...„     ..          .,.       `. 38 200p

Nonv.1bhenol  9urfac!tant               C^S  #    6erl2-9+I+ 001
-,I

trichenvlmethane       C^9  #  2650i{8-2             EP^  TSC^  Iiiet-Yes Tr,
'       '1.''n

SECTION  Ill     PHYSICAl.  DATA
•Oiiwa.OwT rF.I                                                   I  -`          +`. •TliA           ...`...~. •pccilicoA^v.Tttwdriii    .      '    '     '     `

•g51"   I
v^ro. in..ant i- wi I

N/A
Mnctw7 `+Ol^TL ( N/Ae, volutwt '*1

'^ro. OCN.,'' ,A+.. , ,                               .         .. ' ..     , .
N/A.  .  .

fv^.OM7lo.I I^TE
N`/A-''

•oiu.n.ITy " w^TtA
'.   ,      i       i

I

^p.t^FI^ilc( AwO aooR
i.--...

SECTION  IV     FIRE  AND  EXPLOSION  HAZAf]D  DATA                              .     i  '
L~HrowT(w-hctv.."         T.a.a.112   F |^l*`,^8L,|WI,a    I.     `     .                   I              |A               I              u,,

I

tli"aui.tiwdwEel^    try  chonic&|,co,  or  Aloc]hol  fo
Ln

"cci^iFI.enaH"a"fee:pr:9eif.aorfuln€d...br®athin±

':...-i
Wueyilt,.a.I A#lH`.°a.L'}°roHfz^tEL  air  and  nay  t±a'+el

aclnBldembl.  dlgtance  to  Ln  lgnltlon  8ou±a,

PAGE  (1)                                                                           (Conunu.d  on  revene  lld;)
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11.      LISTINGS:

RArERIAI.

Emulsions/A};FO   Sler}ds
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NIP  ANNUAL   REPORT                   IARC                              0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARCINOGEN

12.      cEHERALL¥  AppLlcABLE   pRECAUTIONs   roR  SAFE  HAmLING  ANI]   USE:

H¥clErlc  pRACTlcEs:

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  lnAst7REs  DURING  REPAIR  AND  RAINrENANCE  OF  coNTAmNATED   EQulpiffNT :

Use  nan  sparking  tciols,   avoid  open  £1ane,  wear  nomal  safety  equiptnent,
Such  as  safety  glasses  and  hard  hat.

pROcEDUREs  FOR  cLEANup   Op  splLi.s  Aim  I,EAKs:

Bulk  Product:     Isolate  and  contain  spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Resporise  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  with  all  Federal  and  State  Regulatictr.s.
In  the  event  of  a  taajor  spill,   contact  the  National  Response
Center   (800-424-8802)   and  the  local  Police.

13.     cONTRoi,  insuREs:

ENCIREERING: Follow  BATE  standards   for   storage   (27   CFR   151   Subpart   3)
Except:   for  Bulk  prc}duccs,   see  "Do's   and  Don'Cs  -Instructions  and

Wamlngs"  -found  in  every  shipping  case.
See  Institute  of  Makers  of  Explosives  Pu.Dlicatic]ns.

WORK  PRACTICES:      Follow  OSEA   Standards   for.Stc]rage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products,   see  "Do's  and  Don'[s  -Inst"ccions  and

Wamlngs"  -  £outld  in  every  shippip.g  case.
See  Inscltuce  of  rrakers  o£  Explosives  Publications.

pERsoNAL  pRolECTIVE  EQulpn=NT :

Avoid  Coacic   fumes   frota  blascin8,   wear  norF.al  prciteccive  equipment,   .
Such  as  Safety  glasses,   hard  hats.   eta.

14.      RERGEhTcy  AND  FIRST  AII>   pROcmuREs:

Do  nat  attempt  to  fight  fires  invc}lving  e:{plosives.
Imediately  evacuate  the  area.     Avoid  toxic   fumes  from  fires.
h  case  ctf   skirl  concac:t,  wash  affec:cad  area  `.ith  water.     I:ye   corLtact   -
flush  eyes   for  ac  least   15  ulnuces  and   cc]nsulc  a  Physician.

15.     DISCLARER:          Tbe  above   informtion   taken  from  various  published  and  unpublis.ned
sources   is  believed   t:a  be   accurate   and  rep.:esents   the  best
infor=ation  currently   a`/=ilable   Co  us.     HOLtever.   we  make  no  uarrarL::,.
of  the  accuracy  ot.   such   -:nformacion,   e:{press  or  lnplied,   and  assut]e
no  liabllicy  resulting  from  its  use.     Users  should  tnake  their  our

±E:=:CS8=:i:Efa=°p8:;:::i?e  the  Sulcabillty  of  the  imf c>rm£:ion  for
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SOLO      Soc.    o±    Explor.    Geg.physic
TO       c/o   Ks.   Geo|ogl.cal   Survey

1930   Constant   Ave.
.Lawrence,    KS      66046

INVOICE
INvoroE O^TE "vox=E ro. P,4|:

11/18/91 40849 1
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E..R.a.C.-HIGH EXPLo IVES
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