


I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                        High Resolution seismic Reflection survey to
Image the Top and Bottom of a Shallow Clay Layer
at the Memphis Defense Depot, Memphis, Tennessee

Location:

Site Safety Officer:

Plan Prepared By:

Memphis, Termessee

Richard D. Miller

Richard D. Miller

Estimated Duration of Field Work:   3 days

11.        STATEMENT OF WORK

The high resolution seismic survey will consist of a single line of approximately
2ioo ft.  The proposed primary targets are the top and bottom of a clay layer at between
80 and 150 ft that overlies the Memphis sand and any potentially hydrologically signifi-
cant layers between the surface and the base of the Memphis sand.  The goal is to deter-
mine the overall thickness of the clay and determine if it represents a non-permeable
interface between the ground surface and the Memphis sand.  Lateral discontinuity of
the clay from either erosion or faults/joints are of particular interest.  Proven high reso-
lution techniques (Steeples and Miller, 1990) will be used to acquire data on this survey.
Any production data will be acquired in a standard CDP format (Mayne, 1962) using
roll-along 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 /pt, 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 United States Army Corps of Engineers Water-
ways Experiment Station (WES).  The testing phase will consist of at least one-half day
of walkaway tests near the planned survey line.  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 WES agree the data quality obtained warrants con-
tinuation 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 WES and KGS representatives.  Acquisition of the production data will entail
about two days.  Acquisition of the production data will follow well established proc-
edures, 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 filled 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 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 and badging.  The walkaway noise tests and uphole survey should
be completed within the first day, allowing selection of the optimum acquisition
parameters and equipment for the production portion of the project based on test data
reduced to proper display format.  The entire testing phase should be completed in the
first 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 the proposed seismic lines and
as near to a control well as possible.  The walkaway will consist of source-to-receiver
offsets ranging from 4 ft to approximately 384 ft.  To avoid spatial aliasing of noise, the
receiver interval will be 4 ft.  The downhole 30.06 firing rod (Miller et al., 1989) and the
12 and 8 gauge auger gun (Healey et al., 1991) (both require only class C 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
auger gun 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 seismo-
8rams.

The receivers available for testing will included both single Mark Products L-40A
100 Hz geophones and triple 40 Hz Mark Product L-28E geophones wired in series.  The
40 Hz geophones will be tested first, and from previous experience will probably pro-
duce the best response.  The need for a strong signal from the geophones is paramount
and from previous experience, lower quality geophones will not produce the desired
high output within the desired frequency band.  Analog low-cut filter tests will include:
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low-cut out (all-pass), 50 Hz, 100 Hz, 200 Hz, and 400 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
resolution 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 as soon after the
testing phase as is agreeable to both WES and KGS.  The data should be acquired in two
days or less.  The field parameters and equipment will be dictated by the results of 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 condi-
tions present during the acquisition of the test data.  The potential versus actual hori-
zontal 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 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 deter-
mined based on qualitative evaluation of the recorded reflection energy using the
various low cut filters.  The analog low-cut as well as high-cut filter will balance the
spectrum toward the higher frequency while maintaining the largest possible band-
width (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 dura-
tion 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 8 ft, which will result in a 4 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 200 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.  The data will be acquired on a 48 channel, 15-bit
Geometrics 2401x seismograph.  Provided sufficient energy can be generated, the 12-
gauge auger gun will be the preferred seismic source for the production lines.  How-
ever, the 8-gauge auger gun, 20 lb sledge hammer, and 30.06 downhole firing rod will
be available if conditions require their use.  The triple L-28E 40 Hz geophones with
variable damping capability will be the preferred choice for the receivers on the produc-
tion line.  If the 40 Hz geophones prove incapable of producing acceptable signal-to-
noise and clean high frequency signal, the single L-40A 100 Hz Mark Products geo-
phones connected in series will be available.
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The equipment and recorded data will be continuously monitored during acqui-
sition to ensure the highest quality CDP stacked section.  The response amplitude of
receivers will be monitored using a modified tap test performed after the planting of
each geophone or group of geophones.  The continuity and leakage of each active
station will be 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 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,1991, Miller et al.,1990) (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 WES for critique.
Any addition information requested by WES during the processing flow will be
generated within a reasonable amount of time (amount of time determined jointly).  All
digital information requested by WES 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 special request data will be delivered to WES on 11" fanfold from a 180 dpi,
HP Paintjet printer, or, if necessary, a 300 dpi HP laserjet.  Horizontal and vertical scale
on hardcopy printouts will be set to maximize the analysis potential and will be
discussed and agreeable with WES 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 (Miller and Steeples,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 reflections that are actually
coherent noise must be avoided at all cost.  Differentiating reflections from direct wave,
refractions, air wave, and ground roll in the early portion of a stacked section is an
extremely difficult task and must not be taken lightly (Steeples and Miller,1990).
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CONCLUSIONS FROM PREVIOUS SEISMIC WORK

Preliminary seismic reflection testing complete by WES during September of
1993 did not produce results that were sufficiently conclusive to suggest acquisition of
CDP data at this site would result in definitive identification of the top of the clay
(Appendix A).  The near-surface conditions and limited available equipment inhibited a
sufficiently thorough test to allow a definitive judgment as to the feasibility of shallow
seismic reflection to image the target clay at this site.  The gravel fill material greatly
reduced both the response of the geophones and the coupling of high frequency energy
from the source (sledgehammer).  To definitely judge the feasibility of the shallow
seismic reflection technique, a few more options need to be tested.

The specific differences proposed here include: downhole placement of a source,
at least partially remove near-surface gravels to improve source and geophone coup-
ling, increase the number of geophones per station from one to three and spikes from 3
to 6 inch, increase the total energy of the weight drop source, test a swept impact source
using a technique very similar to MinisosIE (to reduce the effects of power lines and
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vehicle traffic) (SIST, see Park, et al., 1993), and downhole velocity survey (for accurate
velocity determinations), and increase the number of recording channels to 48.  The
most pronounced difference should result from the improved coupling of source and
receiver and the downhole and increased energy explosive source.

After completion of the testing phase and a short CDP line (possibly processed to
brute stack on-site, depending on time and data complexity) the feasibility of shallow
surface CDP seismic reflection should be determined with a high degree of confidence.
From the previous set of tests conducted during September of 1993 it appears seismic
reflection at this site will not be straight forward with minimal investment in time and
equipment.   From the geology and test data already acquired a chance exists to
recorded seismic reflection data that could resolve the primary target if all conditions
and equipment are optimized.
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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.       SAFETY PERSONNEL

Safety Personnel and Emergency Contacts

1.         Rick Miller (KGS)-Site safety officer

2.        Jeff Erickson (KGS)+erations

3.         Jose Llopis (U.S. Army corps of Engineers)Hompany Representative

4.         Frank Novitzki (SAIC)-Site consultant

5.         Joe Anderson (KGS)-Line chief
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

E      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 Simature

Site Safety Officer

Corps/Memphis Defense Depot                  Page 9 January  1994



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

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, warning signs, traffic control)

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

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

H      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 /PRINn                               ComDanv Simature

Site Safety Officer

Corps/Memphis Defense Depot                 Page  10 January  1994



I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

specific 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 EaulDment:  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 emergeney.

Fire /Explosion 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 required 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.  Emergency 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 waming 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.       NO KGS staff Person 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.

11.

12.

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 Agency:

Client:

Emerg[encv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

Emergencv Routes
(Inclu-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 imm6di-ately.  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 /Explosion:  Upon notification of a fire or accidental explosion on site, the fire
department 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-urrition.

Control Measures-All project personnel 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 will 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 collision
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 will review the precise warning 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 handle 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
rules 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
limits during firing.

operating Environment.  The .50-caliber 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.

Enerrv Release.  The energy release of the projectile is approximately 14,300 footpounds
at th:-bottom of the hole.  The gas pulse energy is not known, but there is very little
audible 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 s-tandard 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

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

Control Measures-All personnel will minimize activity along trafficked roadways to the
extent possible.  Traffic cones will be used to identify and buffer the work area with
respect to on{oming 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.     SAFETY 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

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

From the United States Department of Energy:
DOE Order 5480.16, Fi.re¢7'77'zs Sa/cfy.
DOE Report DOE/EV/06194-3, DOE £xpJos!.tJcs Sa/edy M¢7t#czZ.
ID Appendix 0550, S£¢7idrrcz Opera£!.o7tflJ S¢fy Rcqt#.rc77tc7'ifs, Part IH, Subpart I, "Explosives"

From the United States Department of Defense:
DOD 6055.9-S:TD , Ammunition and High Explosive Saf ety Standards
I+R-385-63, Sofety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat
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We, as members or visitors of the Seismic Reflection Survey conducted by the Kansas
Geological Survey on contract with U.S. Army Corps of Engineers Waterways Experi-
ment Station, have read the previous accident prevention plan and understand its
content in whole.

Name (PRINT\ ComDanv Sienature
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SAFETY   ANALYSIS

-

Potential  llazard

Lost/Stolen  Ammllnition

Durinq   Loadinqwnloadinq:

I)r-opped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firinq:

Muzzle   Air   Blast

Ricocllet

Flashbums

Consequences

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

Personal   injury. from
accidental   discharge.

Damage  to  barrel,  breech,   or
I]olt  and  resulting  personal
injury.

Personal   injury  from  flying
rocks,   soil,   debris.

Personal   injury  from
ricocl`eting  projectile  or
fragments .

Burns   from  muzzle  flashes

L`

Page   1

Mitiaatton/PrevenL±ion   Mechanism
lL

Implementation  of   syst`?in  to   issue  daily
armunltion  allotment  aiid  control
inventory,   in  addition  to  physical   control
of  amunition  at  all  tines.

Assure  training  of  personnel   tn  proper
handling  of  live  ammunition.

Assure  training  of  personnel   in  proper
handling  of  ammunition   and   ln-process
ins|]ect]on  of  ammunition  and  seismic  gun.

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

Design   and  use  of  sets:ntc  gun   prevents   the
escape  of  projectile  oi.  fragments   from  the
borehole  witti  sufficient  energy  to  cause
personal  .injury.

Discharge  into  earth  o?.  containment  device
suppresses  muzzle  fla3l!.
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SAFETY   ANALYSIS

Page   2

Potential   Ilazard

M i s f i re

Accidental   discharge  of
seismic   gun

Plugged  barrel   -  dirt

Plugged  barrel   -  water

Barrel   disengagement  from
I,I ate

Breech  disengagement  from
barrel

Durina  Transport

Accidental   dischange

.       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)   I)y  flying   rifle

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

Injury  to  unintended  target.

Mitiqation/Prevention   Ve€h_apism
\

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

Assure  that  operating  procedures
prevent   transi]ort  of  loaded  seismic  gun.

Assure  that  o|)Crating  procedures
include  thorough  bore  stghting  between
shots  and/or  probing  with  dowel   after
installation  in  borehole.

Assure  that  operating  procedures
require  inspection  of  borehole  for  water,
and  sealing  of  end  of  barrel  with  tape  or
I)alloon   if  water  is  encount,ered  in
borehol e .

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  proctid.ures  permit
loading  only  after  seismic  gun   is
instaned  in  borehole.
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SAFETY   ANALYSIS

Potential   llazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechanism

F'age   3

Mltiqation/Preventitll!__Meeha_nism

Assure  that  operating/trasnsportation
procedures  require  thorou.gh   inspection  of
seismic  gun  after  drop  or  collision
incidents.     Seismic  gun   is  disassembled
and  stored   in  special   compartment  during
veliicular  transport.
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Employee  Name:

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

Respirator  Cert.if ication

Based  upon  the  examination  as  per  the  OSIIA  Respirator  Standard  (29
CFR  1910.134),   I  certify  that  this  individual   (is/is  not)  medically
qualified  to  use  a  respirator.

Corrments:

of  Increased  Risk  -  Asbestos

This     ndividual  has  been  examined  per  the  OSHA  Asbestos  Standard   (29
CFR   1910.1001   and   29   CFR   1926/58)   and   in  my  opinion   (has   a/has   no)
rnedical  condition  that  places  the  individual  at  an  increased  risk  of
material  health  impairment  from  exposure  to  asbestos,   tremolite,
anthophyllite,  or  actinolite.

Corrments :

Clearance  for  Hazardous  Waste  Site  Work

As  per  OSHA  Hazardous  Waste  Operations  and  Emergency  Response
Standard   (29  CFR  1910.120),   This  individual  was  exalnined  for  medical
conditions  that  would  place  hiln/her  at  an  increased  risk  of  material
inipairmerit  of  health  from  hazardous  waste   site  work.     Based  on  t..hi.=
examination  I  certify  that  this  individual :

has  no  in.edica.1.   conti.aindicatj    .i   tc  full  participation  in
hazardous  waste  site  work,   wht ..  conducted  under  the  conditions
of  adequate  training  and  a  health  and  safety  plan.

has  medical  limications  tr`.at  restrict  full  participation  in
hazardous  waste  site  work.     (Describe  work  function
limitations,   i.e. ,   lifting,   temporary  limit€:tion,  pending
medical  follow-up  work,   etc. )

is  medically  rescriLted  I.ron  any  direct  work  with  hazardous
waste  or  hazardous  waste  sites.     (Describe  work  limitations.)

Cormencs :

I  have  also  informed  .Lne  employee  about  medical  conditions  disrovered
chat  require  further  examination  or  treatment.

Name  ot  physician:

Address :            5.00
Please

rfedeval/hcnora  10/89

Date
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TRAINING OUTLINE FOR USE OF SEISMIC GUNS
"GOOD GUN SENSE"

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

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

1.          In field:

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

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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

1.         Assumptions

NONE

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



March   24,    1987

llANDATORY     SAFETY    ROLES     FOR    USE     OF    THE

.50-CALIBER    SEISHIC    GUN

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

Operational  Saf ety  Rules

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

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

3.      ALWAYS   unlock   the   t>olt   when  moving   the   gun   (disar.n   ic).

4.     NEVER  move   the   gun  with   a   live   round   loaded.

S.     ALWAYS   remove   the   bolt   completely   from   the   gun   for   transportation  and
storage.

6.     ALWAYS   double   check   safety   procedures.

7.      Use   cotnmon   gun   sense.

Dowhole  node

Be   sure   all  mounting   tx)its   are   ti8h[.     Do   not   .force   tt`e   gun   doiwn   an
augered   hole.     Re-auger   the   1`ole,   if   necessary.      Be   sure   t`{`aE   the   base   plate
rests   on   the   grourid.     Have   two   people   stand   on   the   plate   .+.nen   firing   (flex
tr`iiees    Eo   absorb   the   shoctr`).

I.£   the   hole   has   wata.r   ln   lE,    seal   the   muzzle   of    the   gun  w.i.ch   [a!7e   or   a
balloon   to   keep   waEe[   £[on   seeping   into   the   barrel.      Avoid   this   sicu,.i[ion,    it-
possible.     Water   in   the   barrel  tnay   seriously   damage   the   gun  when   fired.
Injury   is   pos§1ble.

Surface  Mode

Be   sure   all  mount:ing   bolts   are   tight.     Carefully   protect   the   breech,
trlg8er,    and    bolt   when   moving   the   apparatus.      THF.   TRIGGER   IS   EASILY   BROKEN.
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OPEPIATIONISAFEIY PULES AND BEGULATIONS
FOF3 ThE

AUGEF3  GUN

-3/,./€J-

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.

operation    and    Safetv    F3eaulations

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

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

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

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

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

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

8)     The  firing   rod  should  always  be  handled  as  if  it  is  loaded.     The
firing   rod   has   an   automatic   safety   that   will   only   allow   the   firing   pin
to  travel  through   the   rod   if  the  gun   is  locked   into   place  in   the  auger.
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improved Shallow Seismic-Reflection Source: Building a Better Burmo

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

SUM}'{ARY

An improved design of the buffalo gun,
incorporating hole  drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordable seismic
signal than the traditional buffalo gun.   The 'auger
gun.  is  designed  to  optimize  field  efficiency,  source
couple, and safety.   The auger gun consists of three
main  parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 I)ercent 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
enchneering  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`ter hammers,  spurred the
shallow  seismic-reflection  industry.    Downhole
shotgun  sources  possess  significantly more  energy in

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

DESIGN ANI) 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  restrict,ed 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-steer loader),  auger/screw,
and modified buffalo  gun (Figure  1).   The power
source for testing described here is a 25  hp, 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified hydi.aulic auger t,hat receives its
hydraulic drive power from the loader.   The buffalo
gun used for these tests \vas elongated to slightly over
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 t.hree-
step  process:   (1)  screwing the  auger flight into  the
ground,  (2) loading and firing the gun,  and (3)
unscrewing the  auger  flight  from  the  gi.ound.   Once
the 4-wheel-drive loader is in place,  the containment
plate is lowered  to  the ground  sui.face  wit.h  t,he  weight
of the loader placed on  the plate.   The  hollow-stem
auger flight is  then screwed into  the  ground  using a
gaging device  designed  to ensure  the  flight is  screwed
into the ground at a fixed rate and no material is
remo`.ed from the  hole.   Scre`ving the auger flight
into the gi.ound accomplishes  both exceptional blast
containlnent  and  minimal  residual  borehoie.   After
the auger flight is  securely screwed  into  the ground
80+ cm,  the  modiried buffalo  gun  is  loaded  (by  sliding
the gun over a  shotgun  shell),  1o``'eri>d  down  the
center of t,he hydraulic drive head,  through the
hollow  stem  auger  nighLing,  and  seiti`d  into  a  sleeve
at the base of the auger flight.   Water can be poured
through  t.he  hollow  stem  auger  prior  to  downhole
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placement of t,he buffalo gun to  improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the firing pin or
with  an  electric  solinoid.

Safety must be of` the utmost concern in
any  operation involving seismic  sources.   Designed
into the auger gun are several critical safety
improvements over the traditional buffalo gun.   First,
is the improved loading design that does not require
the operator's hand to come any closer than a meter
from the shell either during loading or while the live
shell is in the firing chamber.   Another improvement
is related to containment of the entire tgun
mechanism in its  downhole position throughout the
firing operation.   Finally,  the firing-pin lock or saLfety
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.

REsurTs

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

Auger gun and buffalo gun field files
acquired  under identical  conditions  allows  for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
higher with t,lie auger gun with very little difrereiice
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
arrival clearly dominating the upper  120 ms of the
un filtered files.   Some subtle indications of 50 Hz

ground  roll  are  st,ill  present on  fillci.cd  filL`s.   'l`hi`
general  characteristics of the 80  ms  reflection seem to
be consistent for both sources.

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

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

CONCLUSION

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

containment
screw guide

Fig.  1     Diagram represents  the  auger gun  in above-
ground  position.    }It]difii`d  buffalo-gun
portion of the  auger Lrur`  is  not  shown, but is
conceptually  the  samL`  as  prc.viously
documented  (Pullan  .niJ  .\hi`.\ula.v,  1987).
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A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.



(}ovnl`ol.a    .50-c4lLber   ll1[lc--at)   ^dvaace    I.n

llt#ti-rl.aoLuclo.i   Sclo-lc   Sourccl

I)on   W.    Scccplcs,    Rlcl`ard    D.    .1lller,    Ralph    W.    KI`app,

Kd.`S.`s    cot)loi!lc`il    Survey.

SuunR¥

Ir`   a   dlrecc   comparl.son,    the   do.nhol.a    .50-call.ber
sel6I.lc   Source   produced   niore   selsi.lc   enet.gy.   a
broader   body-vave   frequency   spec[ruo,   at`   appll[ude
drop   lrL   the   al.I-coupled   vave.    and   .   l`1gher   dotBlflanc
i rcquency   o[   the   reco[ded   body-vave   energy   than   Ct`e
eLLeT`ced   ®urface   .50-caliber   8ource.      The   recorded
•elgqilc   energy   of   Clie   dovahoLe   rlf le   shoved   at`
Lncrea®ed   aopll[ude   of   6   [o   12   dB   over   [hac
recorded   by   [l`e   8llenced   Surf.ce   rlf le.      The  doal-
nanc   i requei`cy   of   [l`e   recorded   ref lecElon   energy
uag   congl9Cencly   20   to   40   Hz   hl8her   than   the   Bur-
face   rlf le.     The   all-coupled   v.ve   &Japll[ude   Was
decree.ed   over   12  dtl   by   .ub.ucf4ce   f l[1tig   of   the
rlf le.     The   frequency   .peccr`-o£   the  body-vave
pul8e  vac   bra.dened  by   .1oo®[   .  half   octave  on   Chc
hl8h   cTid.     The  ..fe[y   of   opera[1oti  of   the   eoilrce   le
i`o[   cotiprotLL9ed.     Reflecco[.  vl[h  .  doala.nt   fre-
quency   ln  exce..  of   180  «2  call  bc  a..lly  ldericlfled
oa  field  f lle.  .[  dep[h®  of  le..   Ch.a  30  a  uelng
the  do`+t`hole   .50-calLtier  Tlfle.     tdeatlflc.[1oa  of
loo-llz   reclec[o..   froa  i,loo  .1.   po..1ble  on  field
I lies   of   muLCLple   ver[Lc41ly   .t.c*ed   dovtthoLe   .50-
c.llbet.   8l`ocg.     The   Source  ulll  operate   ln  an
ef i lclenc   nLal`ne[   collec[1t\g   COP   data,   coaLnion-of fse[
d&Ca,    or   ®pot-cot'rela[1oTi   data.

lNTRODUCTION

Iricrl.;`ritni:   ci`vtroim`tr`[nl   .|nd   cnglt`ecrlns   ^ppll-
i...LLoi"   o(    rt![LectLo.i   4el8dolog]r   liovc   8pu[red
reBe,ircl.   fll`d   developmei`C   of   8hallov   hlBh-reflolu[lon
t.crlcctlo.`   tt!clmlqut:g   I.I`d   equli>-en[.      R|.solucloi`   ou
Clie   o[det.   of   A   Ii]eceT   Le   necessary   Co   dc[ec[   ulcra-
•I`allo.   targets   ttl`Lc``   are   gei`erally   cl`e   goal   of
•osC   envlro."ent^l   .1i`d   cnBtnecrln8   8tudte8.     This
lI`c[eatled   rcsolu[1on   con   be   ob[aLned   by   booscLng
Cl`i`    [[|..|ilci`cy   o€   tl`c   8oilrce   i}ulse   .hlct`.    In   turn,
Lncreaee?   Ct`e   dodlnanc   f requency   o£    the   recorded
se[smlc-reflecclon   er`ergy.      Genet.a[1ng   the   I`1gt`-
€reque``cy   sel6rolc   source   pulse   I`eces6ary    €or
Shallov   appllca[1on8   hag   been   accaaplLshed   ln   a
aiulc1[ude   of   dl.f feren[   ways   ln   the   past   (Hlller   eE
al.I    1986).

Recco[   seLsnLc   Source   adval.ces   ac   the   Kan8.`s
Ceolaglcal   Survey   (KCS)   have   -alnly   revolved   arour`d
surf ace   p[ojec[lLe-type   6ou[ces   (Steeples   af`d
Knapp.    198Z;   Hlller   and   S[eepleg.    1986;    Seeber   and
S.eeples,1986).      A   .SO-caliber   rifle,   uhlch   was
dcslgt`ed   and   t)ullE   Co   Safely   fire   a   750-gt'aln   bul-
let   verclcall.y   trlco   tl`e   ground,    has   fllare   recencly
beel`   Adaiited   Co   Operate   partially   underground   vl[h
oal.y   tlie   flrli`g   apparatiig   above   ground.      This   al-
lows   ®afe   operaclons,   a   higher-Ecequei`cy   Source
pulse,   and   an   Increased   slgrial.-:*nolse   raclo.

e±.?_l!:.I...A.N.I!.:r+:.€Li.N.I.9g.I:.

Tlic    i:(!.il`r.`.l    dcslt!I`    cerlcers    droui`d    oiictal7.Ini.,    [l`e
cuiivcr.vLu``    {il'    ci`€rgy    |icoducl.d    Liy    a     .5u-c.illlil.(
rtf (`!    hlillt.t     Lnco    8clsmtc    (act.us[Lc)    v.1ves.       Tl`L!

majo[lcy   of    the   energy   ?roduced   b./   a    .50-caliber
round    goeg    loco   acceleractn&    Cl`e   projec[lle   .ind
lnco   exhaust   gases.      Prevlou6ly,   vlcl`   above-8found
Sources,    we   have   sl.Ienced   and   dispersed   the   exl`ausc
gaae8   1n   hopes   of   ellr.lAaclt`g   or   ac    lease   gt.eacly
reduclf`8   the   ef I ecc6   of   the   air-couiiled   vave   on
9clsnlc  data.     The   do.nhole   .50-callber   rifle
nearly   sloul[aneously   excite.s   the   earth   vLCI`   j]
projectile   and   vL[h   e:tl`auac   gases   vhlle   concaLnlng
flio8t   of   the   air-coupled   vave,    rcsul[1ng   Ln
lncrea8ed   Erequenc.v   and   sl8nal-Co-nol.se   [a[lo   oi`
8el8qilc   record   secclons.

The  dovnhole   .SO-caliber   selsmlc   soiirce   conslscs
of   A   .50-col.Iber   Tlfle   bolted   to   a   0.6-ctB-Chick
®te®l  plate.     "e   rifle   L[8elf   ls   a  ®Candard   .50-
callbec   breech   and   bolt,   bullc   by  texas   Gun  and
H.chlt`e  Coop.ny.   .ct.ched   to  a  ecaAdard   .50-caliber
tl.chlne-gun   b.[[el.     Xachlned   8[ooves   ln   the   bart'el
are  u8ed   ln   conjuAccloa  vlch   a   p[e3-ure   clamp   Co
•Ccach   the   rl£1e   to   a   30-cn  by   90-ca   8Ceel   place.
The   [1fle   barrel   1S   lovered   I.nco  4  60-   to   80-cm-
deep   borehole   4   c[)   Ln   dladecer   un:(I   the   place   ls
I lush  vl[h   the  ground   surface.     Thlg   steel   place
&c[s   as   a   gt'ound   seal   and   a   placfoTri   Co   9[and   on
•hlle   Clrlng   the  8uri.     The  wel8h[   of   the   sl`oocer   on
the   place   and   [I`e   4nii5   [LC   of   the   barrel   to   [tie
bo.ehole   vall6   help   Seal   cl`e   guf`   co   tlie   ground.
The   t'lf le   caa   be   equipped   vLth   a   source   8er`8o[   or
CLocure    Hwlcch    to   t:L`iicr.i[i?   ..I    t{mc    hrl.:`k.       Ftrli`t;
can   bc   do.`c   elclic.c   t:l|.cirlc;iLly   by   a.ill.i`ulJ   ur
ri),in`iAILy     I)y    p`ill(nr.I:1`..    rrli:i..t.r.        Tli..    I(..v.ili`ilo     .5u-

c&1lbc[   velt;]is    dboul    .J(I   .<8   jiliJ    Ls   <...siLy    l.Jo-iicrsi]I[
portable.

P`ttE(|Ut;NCY    ^N(.   il-i.I.I

Tlic    Uovl`lioLe     .50    c;.lih.:r    iiL.uJ`i`:i.i     l-rum    A    lo     LZ    (111

g[eact:r   [eco[dable   seis.`lc   t!i`ergy   a=   equlvalenc
offsecs    Cl`an   [l`e   silenci.I   surcacl.    .51)   caliber    (fl6.
I).      The   lncreaged   recoc€ed   cner6;..   boosts    the
signal-co-noise   enoush   co   s`ibsc.a:ially   clean   u!i
the   record   secclon.      The   source-ca-closest   geopl`one
of fsec   ln   fig.    .L   ls   43   a.      Besides   :ills   nc[1ceable
increase   ir`   recorded   seisilc   er`er3:..,   a   cor.slscei`c
20-40   Hz    hoosc    Ln   tlle   doaLi`ai`c    f rc;:`tel`c.v   of    [lil.
source   w,ivcle[    1s   cl`ftrc.ccerlscic.

[n   previous   shallow-soijrce   co.|pa=isons   (*iller   e[
al.,1986).    the   surface    .50-c`ilLbe:   per€oned   com-
parably    [o   HLnL-?riaacord   and   .1   I.j-gauge   3uf falo
gun    [r`   Cocal   energ:J   and    i reqiiciicy   s?eccru.I.      Tl`e
noted    Increase    I.1   rrel|uer`cy   ,ii`J   |.r`¢r5y   vould   in.`ke
the   do.nhole    .50-callb€c   rlfle   co.i;.irablt!   [o   CI`e   8-
gauge   But falo   gun   .`+t`lch   t.ag   .imong   :le   best    sources
Cested    for    refle::1?n   a...er3y   ve:sus    3r®ui`d    roll,
Cocal   energy.    and    freq..ency   r.ul`cei`:.
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FIG.  2.

Downhole   50-caliber   Bifle

Field   File
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This  sing le-shot  f ield  f ile  '+/it ...,  an  AGC  atJclia=:   illustrates  the  hi f r e ou e n c i =:
andl  therefore  the  resoluticr,   easily  obtaina:-,le   .A.:=h  a.6otrm.riole   .50-cal
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FIG.  3.

85   msec  Beflector  Wavelet

Amplitude  Spectrum
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-The  amplitude  spec€rum the  ref lection ulse  at  85  msec   is   a 3   c;ctave:
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Eight   Shot   Vertical   Stack
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Olin
OCEAN®   Network

MATERIAL
SAFETY DATA

EMEf]GENCY  PHONE  1-BOO-OLIN-911

SECTION   I  -IDENTIFICATION

FusH roiHT         Not Osl1^ Ct^SSIFICJ`TIOH,,- FL^WN^BIE  I      |OWEFl UPPER
EXPIOS'V€ - -•.                 ;..       =.-
|'WITS

Ex"oulsH"c wEDl^                               Deluge wit-h  water,  material is self-oxidizing.   Flood  with  Water
to  fittht  fiT'e  and  to Coat  shell.i.

SPECIAL FIFtE  H^ZJ\AO &  FIRE  FIGHTING  PROCEOuf`ES

Evacuate area.   Fight fire  from  art exDlosion  resistant ic>cation.
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SECTION  vl  -TOXICOLOGY  (Product)           (S1,lal.i.   Ar`,a    i-..ri`uJ-liti'`r`

SECTION  Vll -SPILL AND  LEAl(AGE  PROCEDURES  (Control  Procedures)

^CTION  Fort  W^TEF`I^i f`EL£^SE OR Spiu

Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fonow
OSHA     regulations     for     respirator    use.    (See     29     CFR     1910.134).         Minimize     powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    Isolate  and  do  riot  seal.
Label ''Small Arms.Ammunition".   Wash an cont8.minated  clothing before reuse.

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

TRANSPORTATION  EMEFIGENCY,  CONTACT CHEMTREC 50CH24-93cO
WASTE  OISPOS^l WETHOO

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

SECTION  Vlll  -SHIPPING  DATA
a.a.t.cuss                                             Class c Explosive       OHM-D

sECTioN  Ix -REAeriviTy  DATA

SECTION  X -PHYSICAL  DATA

WEITIHC  POINT               N/A VAPOR  pftE33uf`E                    N/A VouTllES                                   N /A

BoiiiNG  roiNT               N/A solo.clLitt in w^T€JI         N /A E`t^pof`^.riop{  f`^TE              --.  N..J.A. __ _.
'spEciFlcGa^VITt(H,o.1)         N/A pH                                                N/A v^poR DENsitt i^l..1)         ff7T

INFOPMATION  Fuf`NISHE0  BY:

1475

C.  C.  Noonan
(203)  789-5436

DATE         Novemberl6,1985

O®partm.nt ol Envlronm.ntol  Hygl®n.  and Toll{
(203)  78e

olin  cOF]pORATioN
120   Long  F].ldqe  F]oad.  Stamlord,  Connecticut  069r

OCEAN®   Network
_ .... ^.-,^`. .u,`LIE 1 _O^-^i  i*I.ai 1
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in.alchaJ  initry Data §h.cot  ,
Ll.y ho `ii.d to dyr lm
os".. rqLzipd apr"Inlcalin. sl4rd.rd,
29  CFF`  1010.12cO.  Sl.nd.rd  rnul  t-
cco-iled lcr qDrdk; rqui]m-

U.S.  bepertment ol L.bar
OcclJo.lion.I S.I.tv .nd He.Ith ^drnlnlltr.flan
(Non-M.nd.tory Fowl
Form  Approved

OM8 No.12180072

. «#? .

®®tTTTY  t^. lb.a on I.b.I .rid tJ-
All   Shcitshcll  AzrBu]1itiorl

~E~",*mndon-b=LELrlT==%r==fi:rgF=L=
S-I •. -Snail  Arms  Aminitlon.

ll-rLJacl`r-r. I-rr- Emapenci/ T|-Ihlrnt)-    .
Reninoton  Arms  Co. ,   Inc. (Sol)  .   676-3161

^L]L..-.  (Tilrtib-I. s\i..L cn/. snL` .nd zu. cot.} T.l®dhon. tl.rrt)- fr. Inbm.tJon
I-40   I  Highway  15.        . (Sol)      374-2246

Lonokc , Ark.anga.        72086               .    .    `     .          ..
a,', P,eyed`      8-12-86    .

•,, Siqt\\\m ol trap.I-{tttr`.O       .        .
W.G.   Bell,`  Chen  Lab  -Technical  Section

S.ctloti I - tllzirdou. Ingfodlontl^dontlty hlorm.tJon

11-=Irdc]. Cciiiij=f:= Go.dt chirnlc:al b.rth( Cornrnerl Nlm[t»        OSH^ PEl
Lead.,   Inorganic  and  1.Cad  ccapoundg.                     song/X

Ar8enl.c  and  ccm \|nd®                                                          10

Anthon and  ccm nda                                                          500  tn
BariuzB  and   conpound8                                                              500  fng/M3.
Wltrc}glyerln   (O.OS  rm  akin)   500. zbicrograftis/M3  of  air

"  -  "Small  Arms  Amiriltion"
Claa.  C  Explo.iv®

UPS                     .  OEN-D

S.ctlori WI - Ptrydc-I/Ch.mlcal Ch.I.ctoA.tJco
eel-no pod                                       . s%E#|tfi:)

Hot  applicable
V-pr pT-.I. (rT`rn HO.)     . Lqu Pdd

Not  applicable Not  applicable
Ypr arty pe . ')

ELquA-_Tn~oTApft`.calLeNot  aixpllcabl.
sof#dhcTead  styphnate  -|ngolublei  Lead Nitrate  -127  gin/100cc  Water  -loo.C

Afpr- Id cb
Grayi.h,  Gray,  Silvery  Hat.rial  i  No  odor

S.ctlon rv - FIT. .nd Elplo.Jon l1|zird a.I.
Fwh Pet 0~ udy FqJ""u |M un UE|

Not  applicable Not  applicable »^ t'^EJ- Lrty
Material  18  8elf  oxidlzlJi flood  tflth  .ater  to  I 1 ht  fire. and  cool  Bh.11..

Sfrel Fh Fgivq Pee.elm

un#eiT]T|ET¥tg#e  when  exposed  to  flame  and  high  temperature..



I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I
I
I

s.cik]O v - F..ciivrty D.t.
Srtyty un- Cat'ut"k"Yet        rianes,   sparks,   percussion  or  shock  and  hi9b  .

SLdr I texperatureg   (130.C}
locorno.tlblllty (A/.I.rt./. /a Arod  .. Strong  mineral  acids  and  alkali.
I-th. CLifa-tiFitfiji a' 8y-   oxides  of  carbon,  nitrogen  and  lead  ftneg.- try Cho a-to^ut      Heat,  fire,  static,.  friction  and Perc`]ggion.

wu ra Chi
X

SectJorl Vl - He.l`h Hazard  beta
f`ai*i) ol EjitJ|r.                           Int`.L'`'°n?       Fumes Sth7  cuts  or  abrasions  -ffitri7cleg
LTn#¥ `ffigTgeapctoria ,  embryotoxin ,  mlnutrition ,

weaJ{ness,   mental   confusion, allor  -

tr.eat  per  general  lead  exposure}.  headache  and nausea

CiREin..          .'TP7                                      uno wonctr-ch7 OSIAFt-_-
I,Cad  -  Yes

Sioi-rd3Ymc-O`E-"      `      Refer  to  health.hazard  above.

LJ.de±!  Condttlor`.     .
G.iEtF==r A_rded try E-r. E_!itroJii_testinal   i_I_act_?_  kicheys ,_. _bloc_d_a_r9___s_entral  nervous

8yg ten.          (CINS )
En-rfu fHAH ptt-         skin.  flush  with  water}   if  8vallowed  geck  medical  attentiorl

inediately.
S.ctlorl Vll - Precaution. for S.I. H.ndllng .nd Use
S].e. I a. Tutm h C... W.tdd I. F].I.a..a cr SpH                                                                                                       .

Use  non-sparking  equipment  to  cleanup  and   store  stiells  -  avoid  iqnj.tion  sources.

:Fet¥1¥ _be  bu:pe_a= p=[ .appr_op±_igte ___:_eqer3_i..   st_3te _?ne  i_a_E3}_ _regula±_oz¥iienLgz=
contact

Pt.±£cq I) a. T.to 1` I+rdnq .rd Storlng

Refer  to  released  or  apllled  dat&` abo`r®.
ch pTtcatdr

Label  containers  -  "Small  Amg  Arminitlon"  near  gloves  and  5hrapr.el  protection.

S.ctlotl VIII - Control W.I.ur..~--inrifr-inri`cj"nrF-j'-I-'l:I;:,I.I,:-in-I,I
Osm    sA/His/SCBA

Q^.. PTot.a^. Chhiriq ® Eaudr-ji Use  hearlJlq  protectic`n  when   discharging  cart:rldg®B.
Ym~ P'ct-      wash hant|5j±±e=±kinj±2±±±|£±

Pap,
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"sF-EB   i]5   ''3=   iJ'3: 0'a"   ELECTpi:iLIFE   BF}TTER\.   913   :343   2g2T

GENERAL MOTOBs cof}pofIATION
MATERIAL SAFETY. DATA SHEET

SECTION I

P .i,,'=

SECTloN 11 -lNGflEDIENTS
(lt,t Ill 'ng,®dl®ntS)

c^s  F]€cisTay  No, NW + CHEMwiu N"t{S}
lJ,'#,diiS:.,!ji?ASC#f

7664939 37 SulfuTlc   ^¢1d NA_

77)2185 A90 .    Watt,r HA     ___

7439921 -. ____  H^       _

Sepa`.Latot.I   __         _      _

D4remtc -_~

----_-_

-I                .            .                              `.           .       .                -                     '       `-

SECTION Ill - PHYSICAL DATA
ioiiiNa po`^t2n.I  -S -.I.-.-

Av -.    .                     ='                     '

I.        ------n             I-..i
#*ciNT v-ounL€ .y voLolM€ (*i

t'^ #';gH¥T,£9UO®v .

vApOR  ®-e Nsl Ty  IAiR . 1 i
t(A

fvAroA^TiaH-hoTt I              .-I -I
\.

soli'8ll..r"NM¥3ACT!g|e -~        L PH-{ 1.a
^'w'a€cA{?+S€utHLpt€°€!qutd(acldcon±3nt) `SMasl|muaufu#_

SECTION IV - FIRE AND EXPLOSION HAZAF)0 DATA
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1,`L,[r```,„   ---.             ' -jELT|uN  y.HEALTH  HAZARD DATA
-,clo'5?T^Sc?'8|€tfh€.`p¢f;!E`-a_¢#¥,in.I,.oa`u'|¢:¢I|n_t|o|d---     ',idcsr.ruj_¢1onofbodytig6u.(burTiji).

EEE3l.   -`  . -     --..-'.    .f   ,'    .•-

sfcTioN vl,REACTrviTy DATA

ST^,'|ltY
uNST^8|E- coh5TtroNs to ^voio         -

a7Ael[
X

"COWPA al-lltt(in.t.o.I.{o.'o`d'      axtdi2iT`R   Or    reductTiR   maL!eri.lg.

HAZ^AOOu   OECOMPOSITIOW8eoufTS:   Then  heated,   cin   fml[   hfchlv   iaxlc   fune9,

Hunloopr\lyLICJa ,uS2JtloN I  WAv occufl ¢ONOIT]CWS  TO ^VOIO ----

wiiir.aTO€¢uT
L ri__

SECTION Vll.SPILL OR IEAK PROCEDURES
M^tsA'Al 18AI,i ltl Cas!PS to ee

Concaln   .

H,   .tace.:   .nd   feder.1   refu`atloGB   for  lcLd   or   lead   .cr4-±=::I:`-:-.¥o-try       '



FIJI:`   =i     '9|    14:OT   CH`3tl   DIST    INFOJIGT   0F-C_CEllcc-Il.l

(MATEBIAL SAFETY DATA SHEET
PRODUCT sA   e25   Ooi2

F.3

HAZAao  HATING
4  _  6xTnEME
3  -  H'GH
2  -  MOOERATE
I  -  8|IatJT
a  -  lN8loNIFIC^NT

SECTIC)N  I
W''\ T C CJ M A^ u i A C T u fill` a o iv `S IO N  C) f] S IJ BSIo lf f` Y EMERGENCY  TELEptloN6rey5F,ACTimER762. 5sOO6EEiFTft€C1.(8a0I.24.93aa

AOoj]Ess tNUMBER. sTaeET. city. STATE. zip  confiI

cHeMicAi NAME ofl FAMiiy FcmMUL^
3 Petrol eum  Hvdroc8rbcin NA

'SE cTtoN  ii  -.cHEMlcAL AND pHysicAi.pflopEaTiEs                          .:ct+EMlcAL.                                       ipHyslcAi"
hl2Afioous DECOMPOSITION PBOOUCTS FORM.         Semi-sol  ld

6 Carbc)n   in.onoxlde.   carbon   dioxide Ooofl
'N coMPATieiiiTy iK€Ec ^w^y FaoMi Mi nera Oil

Strong   oxidlzlng   agents   such  as:      hydrogen   peroxide, ^PPE^f'^NCE
6 chrc)mlc   8cld.    bror.ir`e '0 Grease
list ALL Tox'c ^NO HAZAROOus `NaBEDi€NTs7None

''
Low       Amber                                             I

P'2 EciF`c  caAviTyiwATEaallBT 0 . 924

`EEctioNtii.=':FinE.ANofxpLo8ioNoAT4 80lLING PT.'3
NDA"®g

spEciAi f if`E i iGiiT iNG fiBOcEoiiaE6 FIASH POINT tMETHOO uSEolAboveC.O.C.

Fire   flghters   should   weer   an B].I

T

M€LTNQ PT. RA.c
eoproved   Self   cont3lned   breathing flAMMABLE llMITS %NDA2?LOWEf`_lJPPER_

I,
C

34
aoparaTus.               .

SC)lu8lirrvWW^TEft

Net i  ' r I h I a
uN l)Su^L I IRE AND EXPIOSIC)N HAZARDSDensesmoke Ex 7iN Gui8HiNG AaEN T 5

8 OqYCH€MICAI    X: CO. AT-.C
=w^TEaspaAy    ±fo^M.W^TEF`FOCR5ANO/€^Fl"11TOTH€R '1

*  VOLATILEia(,YWTbi
NA!

2e
€VAP. RATE'7(.'1

NA!iSECTION  IV  -t{EALTH HAZAf]O DATA
pEF`MissiaiE cONCENTfiAtioNs tAmi

V^POB Pf`€Ssl/f`€
NA(

9            NDA
'|   'mm Hq ,t 20 ,C'

INA,
EFFECTS  OF  OVEBEXPOSuRE '9 'AII   ,1'

ao May  cause  skin   i  eye   irrltation  wlth  prolonged   ccintact. ®H  ^S  IS
NA,

ToxlcoiocICAi pnopfn TiES jo pH'I

3' NP,4. sTHONc AcreSTftoNGBASE
EMERGENCv  FiasT Ale  pfloc:EDufiES

32 EtEs     Flush   With    large   8mc)unts   of   water   for   at    least    15   mln. STABLE                                                               -X

Call    a   ohysicien    Immediately.
3'

uNST^eLE

=`J€J! SKINCONTAcl        wasr,   thoroughly   with   Soap   ar`d   Water. VA':%;:;              too<o'fl°g.A£2

lNHALAT|oN                   NOA.

31              NA

ifswAiLowED        Ca(l     a    PnysicIEr.     Immediately.

N+   -r.oT  APFLic^eLE                                                NOA  -tiooATAAVAiiABLE                                           <-LEs HAht                                          >.MofieTHAN

Paaa  1   ot  2

CCc)I.'.  Ijc.   551..:    :
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FllJI:-=1     '9|    14:06   CH':i\J    ['IST    INr-O_Plc-T    C/r~`=_CE(`ICC-Il.I

MATERIAL  SAFETY  DATA  SHEET      pRctoucT

F.I

SA   825    0012

§PECIA&1]RECAUTIONS
PaECAUTioNS To aE TAKEN iN HANoiiNG AND sToaAGE

Keep  containers  closed.

8ECTtoN Vlll -TFIANsrof7TATION DATA

3a          u„,a;Got.,5tTTEO  a

u.s. a.a.T. pflapefi 8HippiNc NAME

7

;..                rtE€UoL.^oT5D  I

U.a. O.a.T. tlAZAPIO CIASS I.a. NllMBE8

a 9

Tf`ANSPORTAlloNEMERGENCYlNfoAM^ttoNCHEMTaEC1.t8Ooi434-9aoa,,
::                     #aELisiA€QulQEO
Fa5Z EIGHT ciASsiFlcAtlaN

Petrc>Ieul   Lubricatine   i`reEse
I

8.£cL^i Ta^N8poaT^TioN NOTES5J

SECTION tx - COMMENTS

KEEP   OUT   0F   :EAC'ri   OF   CHI  L9REN!  i

W.   beli.Ve  the   6ta`emonts.   teclir`ica(  Information  end  r®comm®ndattonS  Contained  h®..in  are  r.li®bl®.  but  the\.
are  given   wittlout  warranty  ar  gu8r.r`tee  af  tiny  klnd.  express  or  `mpliod,  and  We  a38tJma  no  lesponslbllity  for
any  IOsg.  damage,  or cxpen88,  dif act or con3oquomlal.  arising out of tholr use.
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riui=-:i     ...a|    |i:ij.=    CHGO   [ilsT    Ill,=li_l`1i:T   Ofi=_CENCC-Ill

MATERIAL  SAFETY  DATA  SHEET      pRooucT

F,i

SA   S25   00!2

§Ej:TraNvif-i.rspeeiAt'p8ECAUT70NS
FaECAUTioNS  To a€ ?AK£N IN HANDLING ^NO STORAGE

Keep   containers  closed.                                                                                                                                .
13

SECTION vlli -TflANsroflTAT]ON DATA

q         uN:;%YttTTt°  E
U.S, a.O.T. .f`OPEB 8HIPPING NAME

47

i.                ^E€JOL.AOT!DE

u.8. a.a.T. IIAZAf]O CLASS I.a. NUM6EB

4a 9

TPAWSpoflTATIONEM8RGENCYlNfoBMATION

::                    #aELisiB£QulaEo
Ffi EIGHTCu5SIFICATION

CHEM  TqEC1.(gaol434..Boo 5Z Petroleui   Lubricetin€  C-rease
a l£CL^L TRANSPOPTATION N OTES

1, 53

SECTION IX - COMMENTS

KE:i   OUT   0F   i:ACH   OF   CHI  LDREN!  I
}tl

We   bali.ve  the   6ia{cm®nt3.   technical  in(orma[ion  and  l®Comm®ndatlonS  Cant.in.d  h.rG€n  are  r®li®bl..  but  th.y
ale  given  without  warranty  or  guarantee  of  any  kind,  e*Pr®88  or  lmpli.d,  and  W.  assume  no  ie2pon8ibllity  for
any  loss.  damage.  or cxpen6e,  direct  or cons8quontlal.  arising Out ot th®lr use.

C3:6   2   Ct   I
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t]ut+  =L   ,:1   fd;o€  CH,;o  D[ST   ]Nr_LtjrGTffiEES_I,I

MATERIAL  SAFETY   DATA  SHEET

F.5

Tbx   no.     :    042840
Prlnt   Odt®

Lest   R.vlewed

Paoe    1
o4/02/90
o5/03/89

Part   Type!   and   Number                                                            Part   name
------- ~ --,---- I - I, - - 1~ ---------------.- I1 ~ ,,------,,-----,,-, ~ - - - 1 , ~ ------ ~ , I --,,, ~
Ford    -U.S.     BATTERY    -All                                                      BATTERY    ELECTROLYTE
Hotorcralt    -u.S.    BATTERY   -ALL                                BATTERY    EIECTROLYTE

--------------.- i= ----  CHEHI GAL   AND   PHYS I CAL   PROPERTI ES  -----------. I ------------

Materia`     type                             LIQU!O
Sp.clfic   Gravity                 I.250
Boillng   point                           >135   C
Flash   paint                              Not   AppHcable
pH                                                              2.a

I ---- Ifl ----.- I--HAZARD0l'S   AND   OTHER   0lscIOSEO   INGREDI ENTS   t ----.. I -----. E ------

P.rcent           Exposure   Llmlts   -TWA
Range                ACGIH/OSHA(where   est.)     GAS   number             Chcjn:c.I    Name
~---~-,I,    -,~ ----, I ------ ~I ----,,,, I---11 ,,,,,----,,,, ~---~,~ -----,,---

>30-60                 1/1       mg/m3                                          7664-93-9                SuLFURIC    ACID

Expo.ure   Limlt   Abbreviatlens
-----,I1----,,,,--,,1,,-~,,,,~---,,~,
TWA-Tlme  W.lght.d   Av.r.g®     C-C.Hinq

S-Short  Term   Expolure        Sk-Skin
Sol-Solubl.  Conpeund£             Fu-Fitmcs

lnsol-lnsolubl.   Cohpound6        Bu-Ou8t +.I
1.

---------------------- i--REGIJLATORY  I NFORMAT I oN  ------- II-n --------.-------

This   product   cant.Ins   I   toxic  chemical   or  ch.mica`t   lubj¢ct  to  the  r.porting
requironents   of   Sactlon  313  of   Tltle   Ill   of   th.  Supcrfund  Amendm.nts   and
R.authoi.Ization   Act  of   }986   .nd   40   CFR   Part  372.

-------- J±=====±±====±± ------  S 16N^l  WORD  ==-. _-====__i -==±=T-===±---===i=ia

DANGER    --CORROSIVE

.........I-.-------n--------HAZARDS--------.----..I---.---------===---=
Contact  wlth   this   in.teriel   wlll   cause  burns   to   the   skirt,   .yes   &nd  nucous
m®mbrana8 .

Wh.n   thls   mat.rlal   Con.i    into   contact   with   the   ey.a,   &erieug   d&mag.   tTtay   occi7r.
Thi8   product   ls   h.rmfLjl   by    Inhalation.   wh.n  -in   Contact   wlth   th.   akin

and    if    lt   is   8waHow.d.
This   product   19    irrlt.ting   to   the   eyes,   respiratory   6ySten  ar`d   .kln.
This   product   may   bc   fltal    lf    lt   ls   Swlllowed,

FORD   MOTOR   COMPANY
A-^at.^Dru   AJll   dfil21
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f]U13   :1    '9114:89   CHGO   DIST   Ir{rTO_mjT   OFj=±g=Irl

MSDS
(CONTINUED)

F).6

Tc]x   no.     :    042840
PrlnnituoE/ao92e/9o2

.-I --.----- 1]--I-I.-.  TARGET  ORGANS   AND   ME0 I GAL   C0NDITl ONS   ------, II--I--I ---.-- a.-=

OV.r.xpoSure   to   gem.   hazardous    lngredlentE    in   thlg   Product   h83   been   four`d
to   affect   certi!n  body   organs   and   Sy3tem&    ln   cxp.rlm.ntal   anilTl.`s   and/or
humanB.   The.e   include:

Lungs
Teeth
Skln,    Ey®3,   and   R.8piratory   System

----. I -------..--------  ACUTE  Tax I C (tY  I NFORMATI 0N  -------------- 11 --------- I

Based   on   th.  cc]mpo€ltlon   of   th.   product   fdentlfled  by   th.  Supp]ler,
Selected   portion.   of   the   acute   toxicity   Information   from  RTECS   arc
3S   follows:
7664-93-9          SUIFURIC   ACID

lnha`.t!on,   adult   rat,    LC50   -;10   mg/m3    {2   Hour.)
Oral.   adult   rat.   L050   -2140  mg/kg                                                           .

........................  SAP E  H^NDL , NG  AND  STORAGE .... _..±__=====_=== .... Ill_..

Oa   not  breathe  Ses/ftJmae/vipar/Spray.
uie   thls   product  with  ad.quate  v®ntll]tion.
Oo  not   a.t   thls  in.t.rlal    ln  your  eyes,   on  ycLir  Skini   or  on  your   clothln!.
Thl.   lS   an  oxldl2lnq  ig.nt  -avold  brlnglnq   lt   Into  cant.et  wlth  .a

orgari i c  mater i .I.
Star.  this   prodilct   in  alr-tlght  cont]lner&  awiy  fran  Bourc..  of  h®at  .nd

I ight.

---------------  F IRE,   EXPLOsloH  ^NO  REACTIVITY   "FORttATION  .---- =-==-+==== -------

Bringlng   thll   product   Into  contact  wlth   cofnbu8tlble  matarill   in.y  cause   4   I Ire.
EXTINGulsHEa    lNFORHATION:    Dry   chemical,    foam,    carbon   dloxlde.
u&e  w.t.r   to  cool   fir.-.xpos.d  contalners  and  to  prat.ct  p.r.onne].
W..r   salf-cont&iA.d  br..thing  app&r&tu&.
Thl8   product   can   ra.ct  vlolently  wlth   reducing  ]gcntc  and.organlc  mat.rlals.
Exploclve   HYOROGEH   GAS   ITiey   be   r®la&..d    lf   aqu.eu8   .olutlon&   of   thl.   mat.rlal
¢emc   into   contact  wlth   reactlv.  metall    (IRON,   ZINC,   ALu#lwuH)  .

Irritating  and/or   toxlc  fui7i.I  and  g.Se5  nay  I.  omitted  upon  he.tlng  of
thl!   product.

The  decompaaitlon  of   thl8   prodllct  wl lr release   toxlc   gal6S.

FaRo  MOTOR  coNPANy
DEARBOF`N   Ml   4€121
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hu`s  =£   ,s[   14.09  CHGO  OlsT  IriFO-MGTas-"

MSDS
(CONTINUED)

P.7

Tax   nc).     :    042840
Prlnt   Date   :   o4P/ao9299o3

--------------------  PROTECT I VE   MEASURES   AND  TREATMENTS   ------- 1r -.--------. a---I

Use   of   an    impervious   apron   15   recommended.
Ilae   g®ncral   v.ntHation   and   use   toca`   exhaust.   wh.re   posslblc,    In   conf lned   c)r
enc`osad   8pace£.

Wear   ch.mlc&l    gc)ggI.8   and   face   ehleld.
The  tiae   ef   nac)pr.ne   glov.8   is   reconm.nded.
In  case   of   contact  wlth   .y.a,   rln.e   imedlate]y  with  plenty  of  water   and   ee®k
medical   advice,

lmedlate`y   t&k.  off   all   contamlnat.d  clothing,
lf   the  materlat    11.w&llowEd,   get   limedlate   medic&l   attention  or   advice   --
Giv.   Sav.rat   gli8ses   of   w.ter  or  milk.

It   gal/fume/vapor/dust/ml5t   from   the  mat®rlal    is   inhaled,   remove   th.   affected
p.rson    lmmediat®\y   to   fresh   air.

for   Skln   contact   f lu.h  with   large   amounts   of  water.
Wash   thoroughly   after   h.andtlnc.

------------- 1] ----- I ------  NOTES  T0  PHYS I C I ANS  ----.----.--.------------ ==t]-

lf   the   product   i8   Ingested.   probab`.  mllco=a`   d.mace  may   contraindlcate   the   use
of   ga&trl¢   `avlge.     Tr.at   the  affected   person  aoproprlately.

I -----. I ----- Iil --------  SP I LLS ,  LEAKS  ^N0  D I SPOSAL  -.------.---------- =t==

Ellmin.t.  .]]   .otJrc.I   of   len:tlon  or   ft&mm&bleE   that  may   ¢on€   Into   contact         .
with  a   .pill   of   this  mat.rl.I.

Avo:d  .kln   coht]ct   ind   lnhalatlon  of   vapors   durlng  di.po..l   of   SpHIS.
0l.po8®  of   wast.  matarlal   ]ccording   to  Local.   Scat.,   .nd   Fed.I.I

Envlrorun.Atal   Regutatlone.
In   ca8®   of   large   SpHtB,    foHow  all    faciHty   Em.rg.ncy   Relponse   Pro€edure8.

-.---.---------------------. S P i C I AI  REMARKS  --.-------- I ---- d .-------- ==s--

Thil   I.   an  .cldlc  in.i.rlal.

------------  u.   S.   OEPARTHERT  0F  TRAHSPORT^TloN   IHFORHATION  .--.--- I--.I ------ =

Shipping    name:     BATTERY    FLUID,    ACID       tJN:    27SC
Hazard   ClasSI   Corrollv.  matarlal                  Hazard   L]bel!   Corrosive

The   ch.mlcal   name(i)   appearing   below.under   ``NME"   must   .ppear   &e   part   of
shipplnq   A.mc   lF   the   amc)unt   being   Bhjpped   in   each   coAtalner   axe.ed§   the
quantlty   .hewn   under   "RQ"   below.      The   l®tterE   ``RQ"   must   ®`io   appear   as.  pirt
of   the   Shipplng   name,    ln   th.   forms

•hlpping   name.    ch®mlcal    name.    RQ.
For   U.S.      Shipm®nt!   fran   Ford   F8cillties,    consult   the   ''Ford

Hazardou®   M.teri]I   Tran!portation   Control   Progr.in"  Hdnual.   oth.rwise
consult   49CFR172.
------ ¢AS--RQ (tbs)   -NAME -----------------------.------------------------------

7664-93-9         2777         SuLFURIC   Aclo

FORD   MOTOR   COMPAN.Y



• .  OUG  21    '91   14: 10  CHGO   DIST   INF-O_MGT  €=8B=`-IM

MSDS
(CONTINUEDl

F'.S

Tox   no.     :    042840 a     print  a.te  ,   oEiao92e/88

---------------- I -------..-  PREPARAT I oN   I NFORAAT I oN  ------------.-.--------- E=---

He8lth   and   safety   Information   ha8   been   evaluated   by:

Envil.onmental    &   Occupational   Toxicology,      Occupational    Health   6   Sat.ty,
Ford   Hotor   Company
goo   Parklan.   Towers   W.9t,   Oearborn,   Ml      48126        ..

For   .mergency   ¢aH:       (313)    337-3182   -or-(313)    323-0045    (for   24   hour   c.rvice)

This   i8   the   last   page  of   thi.  nsos.

FORD   MOTOR   COMPANY
OEARBC)EN   Ml   48121
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OUC.   Zi     '9i    14:io   CHGi:I   D15T    IliFo_riGT   oF-C_CENCC-I[`i

MATERIAL   SAFETY
DATA   SHEET

AVOCO   REGULAR   LEAD-FREE;   GASOL[h.I

MSDS   NO:        02003992

P.9

MANUFACTURER/SUPPLIER:
Amoco   Oil   Cc)npany

?A:c::::  E:#::?:  D:i:8|

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

C"REC,  U.S.A.
OTRER  pRciDuCT   gAFETT   Irmo"ATloN!       (312)   856-3907

IMPORTANT   COMFORERTS:      Ga&ollne   (CAS   8006-61-9)   ACGIH  TLV   300   ppn,   STEL   500   ppm;
OSIIA  Pal   Sod   ppn,   STEI.   goo  pen.

?S:a:?eT#  3±;£3;2;p£C{!g :tx.+:  Ppn;  O§m Pal  1  ppn
*See  Supplemental  lnfomatlorl  §ectlon.

WARNING  STAT"ENT :    £::a::i®::t5:::!Xe:::in::::: in::8ha::P::u::::eE::!i:n€£C::a:I:::a

and/or  a8plrated  into  lungs.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  eg  motor  fuel  only.   Long-term
exposure  to  vapors  has  caused  cancer   ln  laboratory  &nlnals.

"IS/NFPA  CODES:.(HEALTH;1) (FLAl"ABILIT¥; 3) (REACTIVITT;a) ,   Chronic   h®alth  hazard

APPEARANCE  AND   ODOR:      Clecir,   bright   liquid.      Characteristic   odor.

i±EALTH  mzARD   IrmoRMATloN

EYE

EFFECT:              Hlgh  concentrations  of  vapor/nlst  nay  caus.  eye  dl£cofuf.art.

FIRST  AID:       Flush  eyaa  vlth  plen,ty  of  vat.r.     Get  Bodical  &ttentloA  if   irrlt8tlon
pcr8 i8tg . .

PROTECTION:     Nan.  r.quired;   however,   use  of  eye  protection  is  good. industrial  Practice.

EFFECT :

rlRST   AID:

SXIN

Prolonged  or  ropeat®d  contact  can  defat  th.  .kin  and  lead  to  lrrltation
end/or  dermatitis.

I::i:§i§§&::a::;:::i:::::§§:i::s:::::. an:¥:;cb:?::ri::::? c:::hi:gifaL
PROTECTION:     §¥:::8P{:1;:::8n;:dr::®::;:a::inc::::::tis  I:i:L!:Otective  Clothing  and

EFFECT :

INHALATION

Vapour  harmful.     High  vapc>r  concentratiang   can  cause  headacheg,   dl2Zineas,
drovsine88   and  nausea.     See  Toxicology  Section.

FIRST  AID:        If  adverse   effects  occur,   remove  to  uncontanlnated  area.      Give  art!f lcial
respiration  lf  not  br.athing.     Get  in.dical  attention.

PROTECTIC)N:      Us.   with   adequat.e   ventilation.      Avoid  breathing.  vapor   and/or  mis.w      1£
ventilatic)n   ig   inadequa..6,   use  NIOSH/USHA  ccrtif ied  respirator  Which  will
protect   against  organic  vapor/mist.
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HEALTH   H.izAro    INFORMATION   -   CONTINUED

EFFECT :

FIRST   AID:

P.10

INGESTION

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

If   swallowed,   do  NOT   induce  vomiting.     Get   lam.diate  medical   attention.

F]R=   AND   ExpLOsloN   INroRMATION

FL^SHPOINI :                -4 50F

FLArmtAELE   L}MITS:       UPPER:       7.6%      LOWER:       I.3S

AUTOIGNITION   TFTERATURE:                     4950F

EXTINGUISHING  MEDIA!     Agents   approv®d   for  Class   8   hazards   (..g.,   dry   chenical,   carbon
dioxide,   hologcnBted  agents,   foan,   steam)   or  voter   fog.

UNUSUAL   rlR5  "D  EXPLOSION  HAZA±nos:      Extr.m®1y   flammable  vaper/air  mixtufe8   fom.
.Extlnguighment  of   i ire  before  5ourco  of  vapor   i8  shut  off  can  create  an
explo81ve  mixture   ln  air.

.PRECAUTIONS:     Kccp  av8y   from   ignition  Sources   (e.g„   h..t,   sparks   and  op®A   flanee).
Keep  contain.r  closed.     Use  With  adequate  v®ntilatlan.

REACTIVITY   INFOE}{ATION

DANGEROUS  REACTIONS!      Avoid  chlorine,   £1uorlne   and  oth.r   strc}ng   olldizers.

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

STABILITY:      Burning   can  be   Started   easily.

c"ICAL  AND  pHyslcaL  pRopERTIEs

BOILING   POINT:                       80.F   To                 430oF,   Range

SOLUBZL]TY   IN   WATER:      Negligible,   b.low   a.1%.

SPECIFIC   GRAVITY   (WATER   a   I):                      0.75

VAPOR   PRESSURE!      7-151b   RVP    (AS"   D-323)

VAPOR   DENSITY    (AIR   -i):                   3   TO               4
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sTORAGa   AND   ENvlRo"ENTAL   PROTECTloN

SToaAG!   .q£QulREM=NTS:       Store    in   fiamr[`eble
Store   away   from   A
accordance  with

F.11

torage   area.     Keep   contair`er   claged.
tlon  sources,   and  open   flame   in
federal,   state,   ar  local  regula..ions.

SPILLS  Arm   LEAKS:      R®mov®   or   shut   of i   all   sources   of   ignition.      Use   water   Spray   to

Si:::5::tv:::::iai]?::;?:Ce::::i:::i:8t , ;:;i::8:i:;;.  C£::;i:u:Ao:A
Sewers   and  watervay8.

WASTE  DISPOSAL:     Re$1due8   and  spilled  material  ere  h82ardou8   Waste  due   to   ignitablllty
Oi!pa&al  nest  be  ln  accordance  With  6ppllcable  federal,   state,   or

ulations.     Enclo4ed-controll-.a   incineration   1g  recormendedlocal
unless

I:i
rected  oth.rwig®  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   of   sewers   and  vat.rwfys.      Avoid  strong   oxidi2ers.
Report   splllg   to   appropriate   authorities.     USE  AS  MOTOR  fuEL
ONLY .

TOXICOLOGICAL   INFOENATION

EYE::     Primly  eye   irritation  score   0.0/ilo.a   (rabbits).

SKIN:     Primary  defnal   !rrltation  gcore  1.i/8.a   (rabbits)
than  5ml/kg   (rabblt8).     Pmctlcally  nontoxic  for

.     Acute  derDal  LD50  greater
acute  cxpo8ure8  by  this  route.

IN}IALAT[ON:      Acut.   LC50   20.7mg/i   (rBta).

I#GESTION:     Acute  oral  LD5018.8nl/kg   (rats).     Practically  nontoxic   for  acute
exposures  by  this   route.

Excessiv.  .a.po6ure  to  vapors  may  produce  h.adacheg,   dlzzin.ss,   neugea,   drowsi-
ness,   irritation  of  eyes,   nc>8e  and  throat  and  central  nervous  system
depre881on.

!i;i;!i;!i!;:i#i::;fi:!!:!!:;::i!i:;:i::;::i!:;!!;:i:i::i;i:i!!;:!!::::;
tuznor4.     Results   from  aub8equent  sci.ntif ic  atLidle8  augg.St  that  the  kidney

::g:!:i:::c:r:!a?i: :::g:Lf?::rtri:rr::i;:::ea;: ::i::eo:°h#:nm£::I:£tis  The
quest lonabl a .

Inhalation  of  whole  unloaded  gasoline  vapors  did  not  produce  birth  defects   in
lcbaratcirt'  animals.

Gasoline   ls   a  complex  nixtur.   o€  hydrocarbons  and  cor`taing   benzene   (up   to  4
voluli`c   %),   taluene  and  xylene.     Chronic  expaatire   to  high   levels  of   benzene  has
been  shown  to  cause  cancer   (leukenla)   in  h\mans  and  other   adverse  blood  e££ects
(anemia).      a.nzene   is   considered  a  human   carcinogen  by   IARC,   N'rp   and  OsltA.

:::;.€:::::eh::d:E£:n:n3nfa:::::::  c3k:a:::efr::::::a:n&o[::: T££:::::€::a.
were  oaen   ln  chronic  studies  on  *ylene   ln  guinea  pigs  but   not   ln  rats.

Aspiration  cif   this  product   into  the   lungs   can  cause  chenlcal  pneumonia  and   can
be   fatal.     Aspiration   lntc)   the   luries   can  occur  while   vomiting   after   ingestion
of   this  product.
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SUPPLEMENTAI-   INFORMATION   -   CONTINI£D

P.13

n-i5.ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   ppm;
OSEL   PEL   400   ppn,    STEL   500   ppn.

n-Hexane   (GAS   ilo-54-3)   ACGIH  TLV   50   ppm;   Osm  Pal   50   ppm.

P®ntan.    (GAS   109-66-a)   ACGIH  TLV   600   ppm,   STEL   750   ppm;
OSHA   PEL   600   ppm,   8TEL   750   ppm.

Toluene   (GAS   loo-88-3)   ACGIH  TLV   loo   pan,   STEL  150  ppn;
OSHA  Pal   loo   ppm,   STEL   150   ppm.

Trim.thyl  b.n2ene   (CA8  2§§51-13-7)   Aca"  TLV  25  pp";   08m  Pal  25  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   STEL   150   ppm;
OS!1A   Pal   loo   ppm,   STEL   150   ppm.

ISSUE   INF0towATION

BY!

7€ G€--
a.   G.   Farm.r,   Director,
Product   Sdf.ty  A  To*icc}logy

ISSUED!      June   09,   1989
SUPERSsoes:     March  18,1988

This  material  8afety  data  Sheet  and  the   lnforzaatioti  it  ¢ontalns.  is  offered  to  you   ln
good  faith  as  accurate.     We  have  revleved  any  lnfomation  contained  in  thlg  data  Sheet
vhlch  v.  r®c®iv.a  fron  Sourcee  outside  our  company.     W.  I.li¢ve  that   iAfomatlon  to  be
correct  but  cannot  guar&nt.e   lt-S  accuracy  or  cc)fBpl®t®T).aB.     Health  and  eafety

:::i::!i§g:1::t:!ia:i::i:::::t:i;ig:;:a:::::::i:i:?:ONE:i:i:!!!:d§:d#i;a;:i:18a:3d
6h.et  Shall  be  construed  aa  a  p®misBion  or  r.caanendatlon  for  the  use  of  any  product
in  a  manner  that  night   lnfrlnge  erl4tiAg  pate8ta.     No  verranty  is  pdde,   either  express
or   implied.
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U.S.  OEPAf]TMENT  OF LABOP
OccuP®tloml €dlety  and-Health AdiTIlnl8I[allon ..

•MAT-ERIAL.S.AFET,Y.`DATA.rsHEE,T`'..._`.

.:. ,        .        .,.  8E.cTloN  ii..HAZARDous.iNaREDIENTS  .
p^I.tT8, pf`ESEAv^tIves. . €OivENT£ 1 tlv'unl',' ^llot8 AVO WEtALllc CO^TINO8 I TLV'Un''|'

rowEH,) t'/A AII Wn^| h,/A
c*TuTeT

N/A ^110,3 N/A
veLdcic

',/A «.T«ilc Co^TmtGS N/A\
thvtNT9

N/A
I'||EA WET^|

N/A•`lls  COAtMO  Of`  CC}f`€ flux
^OO,',ve4                                                                                .    .  ' 'N/A .a,",,g.......

fu'/A

a 'Ht'e      .
l'/A

}l^zAAtroue wi*ruF]E8 Or otiita iiauioa.8Oiios, OA o^sE8    .     . * |V(Un'l,I

~          ,__-

H.thT1.Alcohol                     I          .                                      ,    o                      '..`.     ..          ...       `. 38 200p

Nonv.1tihenol  surfaotant              C^S  #    6erl2-grJ+ 001
_,'

rrTinherivlmethane       C^g  #  2650L{8-2             EP^  rsc^  List-Yes Tr,
I        '1     '''h

SECTION  III     PHYSICAL  I)ATA
•Oii"®.OINT rF.I                                                  .  i.         +`  ` .rliA        ."..`-. epcciiicoA^viT.iwdr`i:    .       .    .      `      `

•g51"   I
^ro, mllaJ,, I- t', I

N/A
ttft¢tw, \,OI+,L ( »/Ay Volu"( '+I

Y^fo. OCH..tY .AI.. I I                                   .           . . .  ..      . .
N/A....

(v~OMilo.. A^Te
N`/A.I,''

•oiuen.iTy itt w^itA
',   ,      i      i

\

^Mt^f`^4re( AwO Ooof`
i.-....

SECTION  IV     FIFE  AND  EXPLOSION  llAZAFID  DATA                              ,     .  '_.
`„HrowTtwMho.o..a         T.a.a.112   F '|^l*.,^l)|,|"'Te   `.     `     '                               |d      .       I            U,,''

_I:"aunHmaw[O'^   Dry  chon|a||,ao,  or  A10ahol  fo
I.tclA"I-enaH"a"rf}ec£F":`oif.achlned."br®athin:

`=     ,i.         -i

Wuvilt,`o-I Ai%Ihp`.°a6t°r®HrA{^{EL  &ir  and  nay  t±a:+el

_ _oonBldertLbl.  dlgtanco  to  an  lgnltlon  8ouzt}o.

PAGE  (1)                                                                            (Contlnu.d arl  revcr.a.ld;)
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:.                                           sECTloN  vli     spiLLOR  LEAK  PF`ocEDunES

"i.ri'o°ee€ |^ok5#i'T.]'£9F.o':^ictl^|#®niLT|'n'°£'6i'iLLJnentL].aLted  &r.a. ,   .|irln.te  lgtiltlon  .ouro®..

Avauiirun-off  into  storm  eev8r8  and  dltahe4  whlcli  lead  to  ria.tut.l  tl&telt&y.

wuT[ Oisp08^i ue.I.OO

In'ceneintlon,.blologlcal  treat,mant. of  dilute  t]olutlor`.      i   .
I,

sEc.i.ioN  vili     spEci^L pnoTEci.ION  INFonMATloN
•IS.m^to.V..a.tclroN t.`o.oi' nr...                                                                     I

V€,',M.A,ION
.v'ha€A"I:'J)^b'£'oorlato   to  control  €mt)1oyee  exp

•`r€ r:lA,             .auro,
I,(c''^'''C^|'C,A,','' 0','1,    :     .

•nc) T t C I lv€  olcw€. €'d£:#%'iT Bafett  f[oeHl®aeaa=£ni-zL±ubbe==
OIHt^ rno`tcli`. toi|ir.u.HT

sECT!OH  ix     spEc!Ai  pnECAUTioNs.i.-i..
in.c^uTro.i8 to.. T^I!l. lti iii.ioiwa ^tJo.lonlt.a                                                                                                                                                                '.

.'

Cannot  bc  mtide  non-polt]onous.
07wcn pqec^uTio+.6                                                                                                                                                                                       '              I.

•...                                                 .         .        ,              i'..                ,,         :.,          `''.

I         FACE(2)                                                                                                                      I.ylasd|-9-90
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PROPERTIES At``i` SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND  VEBTICAL STACKING

These  non.nitroglycerin  emiJlsic)n   Produc:S  are  packaged  in  cc>riveri;er
one-pouncl.  one.half,   or`e-thircl.   anc!   one-quar..er  pour`c]   cartridges   3r\'
{ormulatec]  to   provide   a   Seismic   PIJIse   equal  to  Cynaml{e   fc>r  clear.   s)iaf :

Seismic recorc±s.
AI:hough  classified  as  hlgh  explosive,  seispalME/E  emulsions  are  no:-i

headache anc]  have  excellerlt  resis:ance  tc)  acc:ider,tal  detonatictn  by  frictic]n  I
irr'pact.

Spiral.wound  1,'4  to  1;'2-pounc!  paper  cartridges  are-easily  capped  arir
waxecl to Sieep well.

P ROD UCT                                         E-1                 E-1 /2            E-1 /3           E-1 /4

We!gr`:

SIze
S,yle
Derisity (gin/cc)
Velocity  ({ps)  (uncc]r`fined)

DE!c]nation  pressure

(kilobars)
Absolute  Bulk Strength

(Gal/cc`,
Be:alive g'ulk Strengtr,

(AN FOE 100.)

One pounc}     1,J'2 Pound
21/4x81;'211;'2x8

49SW
1.18                        i,15

16.500              16,000
100                     loo

685                  775

12C)                          10S

1ro  Poiind   1/4  Pclilnd

11/8x8            1x8

SWSW
1.15                     1.15

15,000           14,5C)a

loo               loo

775               775

105                  105

PACKAGING
Available  in  four s:2es  to  meet  vertical  s{acking  ant

•mini-hole" applications. seis,PF`lME/E  in the one-pc>un

size   is   packaged   in  thin-walled,   easy  couplinl
canridges  for  vertica!  stacking  or  larger  downhol
shots.

In  the   1/2  tct   lt`4-pound  sizBS,  sejspBIME,'.E   ;

packaged in spiral-wc>und paper ca.|ridges.
All sizes have exce}lem vl'a:e.. resistance and can b

initiated with a #8 strengt.n STATICMASTEFl aetonator`

57]fl7YCA445FEF=€`  =iectri: [i3teriators for Seismic :xp!cratioi-;
DESIGNED  FOB  SEISMIC  WOPK  -  Exclusive  Atlas  electric  in,atch  provides  reiiab!

Cietoilation  with  minimum  lag  time  and  scatter.  Full  #8  strength.  explosive  outpiJt to  hei
insure initiatior` of the seismic charge.  even  under severe conditions.

UNEXCELLED  PEBFOBMANCE  -Bjgid  s:atjstical  quality cc]ntrol tests  are  perfctrme
on  all  components  and  on  the  completed  detctnatcir  to  assure  reliable  arid  consis:er
performance.  A  tc>ugh,  hard  enamel  coating  uncler the  plastic  outer jn5ulatien  provide
aclc!itic>nai protectic>n against shorting of legwires  under extreme cone.i{ions.

WATEB  AND  WEATHEB.PBC}OF  .  Legwire  insulation  is  designed  to  withs{an
extremes of heat  and cold  and the  severe  conditic)ns encountered  in  c]eep-hole  loadir)€
All  detonators  contain  a  doijble-crimpeci  riJbber  plug  tc>  provide  a  water-tight  sea
Excellent firing  characteristics permit use  in  single-hole or multiple-hole pattern shooting

PPIOPEPITIES AND SPECIFICATIONS
•  Detonator strength  -€8
•  Fur,c{ior\.ing t.line scatter .  Less than 0.001  second; even

lc>wer  as  firing  cLirrent  is  increased
•   i.ecc>mmended  flring  ciJrrent  -3 to  10 amps  DC, 4 to  10

ame3 AC
•  V`.J2i'tgr  immersiol  depth  (max.  tested)  -500  fee.L
•  5ridae\\'tre resistance .  0.9 C)hms
•   De!c-jna:or  snel!  -  Gjlding  metal

REDucED sENsmvlTy
TO EXTBANEOUS ELECTPICITY

.i   s>ec:;a.   brlc!gewire  and  the  SF  feature  in  the  electric  match
Prc)`J:Oe  reouct!c   s`en3lti\JIly  to  stattc  electriclty.

OPEBATING AIDS
With  recomrrlended  firing  currents.  STATICMASTEB  electr'

detonators meet all requirements for series firing.
WAFINING  -  Do  not  use  STATICMASTEB  electric  c]etonators  I
the same circuit w'ith other types or brands oi electric detonators.

PACKAGING
STATICMASTEB  electric  detc>nators  come  with  spoolec

duplex  copper  leac}  wjres  (yellow  cctlor)  in  lengths  of  40'.  60.`  8C'
10C)..120',150.,160.,   ZOO.,  250',  300',  ancl  400';   and  in  shorle
legwire  leng{hs  (folded  duplex  wires,  yel(ow)  measuring  12.,  2C
and 24`.
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EAZ   A   RD   O   U   S         C   H   EM   I   C   A   L      MAT   E   R   I   AL      S   A   F   E   TY      DA   TA      S   H   E   E   I

ATLAS   POWDER   COREANY
15301   DAI.I.AS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX   910-860-5237

2.     PREPARED  BY:        P.I.   Therriault            DATE:        06-24-88 REVISION:      One

3.      MEDICAL   EMERGENc¥  TELEPHONE  mJMBms:

EAST   OF  THE  MISSISSIPPI:      717   -386   -   4121
WEST  OF  "E  MISSISSIPPI:      417   -624   -0212

4.      TEE  MATERIAI.S   DESCRIBED   IN   THIS   I)ATA  SHEET  ARE:

RAZARDOUS   CH"ICAL   INGREDIENTS

5.      CH"ICAL  Arm  CO"ON  HARE(s)   OF  EAZARDobs   CE"ICAL  MIXTURE/INGREDIENTs:

ApexLAll  Grades,   RXL  614,   RXL  615,   Pot7erAN-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  Ingredleti[s  Include:
Amoaium  Nitrate
Diesel  Oil   (In  Some  Forriulas)

TSCA                        GAS                             RTECS
LISTED                      NO ,                                  NO.

1.                6484-52-2             BR9050000
Y            68334-30-5            NO  Listing

Note:     See  MSDS  for  Amoniun  Nitrate  Plus  fuel  Oil

6.      PHYSICAL  AND   CE"ICAI.   CHARACTERISTICS:
Vapor       Flash    }£elting    Boiling     Specific      Mol.

Pressure     Pc>inc     Point°C     Pc]int°C     G=avitv         Wc.

AmoalLin Nitrate
Diesel  Oil
mxttl=e

Q4¥    Appearance

0                  d               155               190                I.725          83          None     White   soli:
nd               nd                   nd       147.371          0.87            nd     Pungeat  Broun  Liq.ji
Neg.            nd                     t`d             125         I-1   to   I.3     NA          None     White   Greas

rid  =  Dio  Data            d  =  Dissociates       na  a    Not  Applicable
7.      pEryslcAL  HAZARDs:

Amonium  Nitrate  -DOT:     O:cldizer
MixcuTe     DOT  Explosive,   Blasting  Agent

8.      HEAL"  IIAZARES:
---.-     '

Carc:inogen
Corrosive
Highly  Toxic
Irritant
Sensicizer
Toxic
Target  Organ  Ef i eccs

9.      PR"ARY   ROUTE(S)   OF   ENTRY:               No   Data

10.      PE"ISSIBLE  EXPOSURE  LILMITS:         NO   Data

Diesel  oil:     Flamable

--'-LJ,-lt.i-_
Ref:   Registr:`'  of  Tc]xic  Effects

o£   Chemical   Subst:ances   (RTECS)
N   =     Ncp   C:iceria  Match
Y  E    Posit:1ve  Criteria  Match

per   RTSCS
nd   I     No   Deca
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|1.     LISTINCS:

RATERIAI,

I. I,   J

Enulsiot`s/.i.i:FO   5ler`ds
Page   2

NIP  ANxpAL   REPORT                   IARC                             0StIA
ON   CARCINOGENS                         MONOGRAPHS            CARCINOGEN

12.      CERERALLY  APPI-ICABLE   PRECAUTIONS   FOR   SAFE  HANI}LING   AND   USE:

trrclENIc  pRACTlcEs :

AVoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Funes.
PROTECTlve  rmiAslJREs  I]uRENc  REPAm  AND  RAINTENANCE   oF  CoNIjNINATED   EQulpENT :

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

pROcmuREs  FOR  cl,EANup   OF  splLLs  AND  LEAKs:

Bulk  Product:     Isolate  and  contain  spilled  material.   Contact  Distributor
or  Aclas  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  everit  of  a  TDajor  spill,   contact  the  National  Response
CeQter   (800-424-8802)   and  the  local  Police.

13.      CONTROL  }GASURES:

ENclNEmlNc:

WOBR   PRACTICES:

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

Wamlngs"  -found  in  every  shipping  case.
See  lnsti[uce  of  Makers  of  Explosives  Publicatic>ns.

Follow  OSEA   Scaridards   for.Storage   and  Use   (29   CFR   1910.109)
Except   for  Bulk  products,   see  ''I)o's  and  Don'cs  ~  Inst"cciclns  and

Warnings"  -  found  in  every  shipplr.g  case.
See  Insci[uce  o£  Makers  o£  Explosives  I'ublications.

PERSONAL  PROTECTIVE   EQUIPMENT :

Avoid   Cc>xic   funEs   frota  blascin8,   wear  norzr.al  prcttec[ive  equiptDent,
Such  as  Safecy  glasses,   hard  hats.   eta.

14.      ERERCEh.c¥  AND  FIRST  AII]   pROcmuREs:

Do  not  attempt  Co  fight  fires  invctlving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  funes  from  fires.
In  case  of   skin  cor}ca¢t,   wash  affec:ted  area  v;.ith  water.     Eye   cor`tact  -
flush  eyes  for  at  least   15  ainuces  and  consult  a  Physician.

15.     DI§CLAIRER:          The  above  infc)rmation   taken  from  various  published  and  uripublished
sclurces   is  believed  t:o  b€  accurate  and  rep,resents   the  best
infor-;=ation  currently  av€ilable  to  us.     However,   ue  make  no  uarrant:,.
of   the  accuracy  of   such   infortnat:ion,   eh.press  or  implied,   and  assutae
no  liability  resulting  frcm  lcs  use.     Users  should  make  their  oun

:E¥::CS8::i:EEa:°p3:;8::i?e  the  Sulcabillty  of  the  inf c}rm€:ion  for



a`y'an Amburght.A;amo, Inc.
1 2900 Preeton Road
1220 hkfro DaAee Bartlt Tower

Sac.    o£   Explor.   Geg.physic
c/a   Ks.   Geologl.cal   Survey
1930   Constant   Ave.
.Lawrence,   KS      66046

INVOICE
iNvoreE O^TE "Vok3€ NO. Plc

11/18/91 40649 1

a++lp      Fort    Bend   Co.    Delivery
TO

`

.,.1::..I  }.`.....   ;       T,Rr)E.q94...E     i
`.'i3,-a?ngF!    I   .i&    !      .    S',-;3€:;¥.€.           I                     SHIPVIA

I        SHIPDATE       I                         TE"S

=J8T9TiT;Tr,91 s3o_          I                          ,.:.. |Our   Truck                  lil/15/81|Net   30   Days
I              ,TEN No. fTEM DESCRIPTION

a:....`fu.r,T`..3.ir.£:.CtF..D Clj.aNTrivsHIPPS£. sT,t` 'uNIT  !                ijtiiT pa!cE PO.ICE 'JNIT Discc*iRT     i                 EXTENDED paicE

[0408OOTr---12.000
80'    SW   STATICM STER c,rf

CUCLB..%sAI`CLBCU•`-.I`1.......r!.•.:.;I'.:.,,,

` `-      `.,.::..`1..=`;.=   ,'r...`'.-.I.`;.i,.;.-.;,.,:..':...•-..:._.•..:.`.`.,,•..`.-J`•i.':t'...;...:,.ii-,-..-----

97  .  98....6.56-.:.`.-_`.:i•,.,...,.3,,1,4.26.78,--.y12.000 EACI] 816.50

r8L253.:`„OO~'0
SEISPRIME   E   1- /8X /3

...      `.........          .           .4.COO.. LB -t€.. ..... .  .  ,164 . 0 0

4.000900000006

• ,. . ...,HAz..Art.DOu§ . .inTR

HNDI;
I- CHG

`..,,.       .-I.     ,.   ;     .'    1.000
.%SAli •.'..   -`.I   . . .     .. .        -'    3.  ;   1.4.1,.

...E`,R. C . C . ~    H I GH
EXPLo IVES

4 . 000i}.R.C.C.-BET LBNATOR 8:506.50\''•j.-.,r`,  .•.,,_,,`:,.:I.i`.j\,

I                 12.000lT\II',
12 . 000.,, EACHI-

I.,

` , ' ~  ?.:a,.      -      _,- -_J,J:9_
•'f;..,    ;: ,-:(-:TI  JJ/.fi•.Jt)J3/4`.I.

.-.

I                 r„              .,.

.-.` :.',,'JL     .i.(:;.

I:o"a                                                                                         `      I          =£i=.Sc%MAI=|                        108:53
s^LEs AMcrm 108 . 72

MISC. CHAIGES .00
FF]ElaRT .00

SALES TAX
TOTAL ~-a

_            ,       jLi,

PAY"ERT F]EC'0
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