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PROTECT DESCRIPTION

Project Name:                       High Resolution seismic Reflection survey
to Delineate Buried River Channel under
the Marine Corps Air Station, Cherry Point,
North Carolina

Location:

Site Safety Officer:

Plan Prepared By:

Cherry Point, North Carolina

Richard D. Miller

RIchard D. Miller

Estimated Duration of Field Work:   5 days

11.        STATEMENT OF WORK

The high resolution seismic reflection method should be capable of mapping
acoustic interfaces separated by 5 to 10 ft thick in the Neuse RIver Valley alluvium near
Cherry Point, North Carolina.  This survey is designed to provide continuous sub-
surface coverage along areas with drill confirmed missing confining day units.  The
target of this survey is the paleochannel suspected to underlie most if not all of the
industrial area of the Base.  Delineation of this inferred buried channel is critical to the
characterization of the spacial variability of the hydraulic properties of the aquifers and
confining units in this area.  Geologic interfaces between 30 and 150 ft represent the
target of this survey.  Thorough delineation of the buried channel orientation and
general geometry should require about 2 miles of total subsurface coverage over 3 to 4
lines.

The proposed production portion of the survey will consist of 3 to 4 lines totaling
about 2 miles.  The primary goal is to accurately map any clay layers/lenses that are
either discontinuous or drastically change orientation and/or thickness.  Testing
essential for optimal parameter and equipment selection will include walkaway noise
tests and uphole surveys (if possible).  Proven high resolution techniques (Steeples and
Miller, 1990) will be used to acquire data on this survey.  Production data will be
acquired in a standard CDP format (Mayne, 1962) using roll-along acquisition tech-
niques similar to conventional petroleum exploration data acquisition.  The geophone
spaLcing, analog filtering, seismic source, geophone type, spread geometry, sampling
interval, total samples, shots/point, and acquisition philosophy will be based on
extensive pre-production tests.
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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 Geological Survey (USGS).  The
testing phase will consist of at least one-half day of walkaway tests near the planned
survey lines.  The walkaway noise tests will be gathered according to common shot
station and receiver offset and separated into distinct groups according to recording
parameters.  The quality and potential of the test data will determine whether the
production portion of the project is feasible and should be undertaken.  If both KGS
and USGS agree the data quality obtained warrants continuation of the project, the
production phase will commence.

The production phase of the project will begin upon joint approval of the test
results by USGS and KGS representatives.  Acquisition of the production data will
entail between eight and twelve days (depending on the specific parameters and
geometries selected).  Acquisition of the production data will follow well established
procedures, but will be somewhat dynamic with respect to specific parameters.   The
basic structure of both the acquisition and processing flow will be roughly designed
around the findings of the preliminary testing.  The uphole surveys (if allowed) will
consist of downhole hydrophones recording information at each 10 ft interval between
the bottom of the monitor well and the top of the water table.  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 and site logistics briefing.  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 196 ft.  To avoid spatial aliasing of noise, the
receiver interval will be 2 ft.  The downhole 30.06 firing rod (Miller et al., 1989), the 12-
gauge auger gun (Healey et al., 1991), and possibly the drive rod (if development is
complete by the date of the project) (all three require only class C explosives and will
therefore not need permitting) as well as the sledge hammer weight drop source can be

USGS/Cheny point, North carolina         Page 2                                                        September 1994



tested to determine the optimum source for the near-surface conditions.  The downhole
30.06 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 elim-
inates the higher frequency air-coupled wave prominent on weight drop seismograms.

Both seismograph settings and receivers will be used to help shape the recorded
spectrum (Steeples, 1990).  The receivers available for testing will included both single
Mark Products L-40A 100 Hz geophones and triple 40 Hz Mark Product L-28E geo-
phones wired in series.  The 100 Hz geophones will be tested first, and from previous
experience will probably produce 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:  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 USGS and KGS.  The data should be acquired in ten
days or less.  Field parameters and recording equipment selections 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,
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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 aLnd 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
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 opti-
mum parameters used to record the CDP lines.  Parameters such as sampling interval,
record length, and analog filtering will be determined after careful examination of the
dominant frequency and usable bandwidth of reflection energy recorded during the
walkaway noise tests.  The sampling interval will be chosen to ensure at least 10
samples/wavelength of the dominant reflection energy.  The total number of samples
will be chosen based on maximum time (depth) of interest as determined by both the
sampling interval and the uphole surveys.  The analog low-cut filtering will be
determined based on qualitative evaluation of the recorded reflection energy using the
various low cut filters.  The analog low-cut as well as high-cut 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
duration of the particular line being acquired.  This is to ensure consistency in phase
and to avoid confusion relating to plotting scales, alias values, and system response.
The parameters chosen to record the CDP lines will incorporate the results of both the
walkaway noise tests and the uphole surveys.

The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 24-fold CDP stack.  The geophone staLtion interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 2 ft, which will result in a 1 ft horizontal
subsurface sample interval.  The data will probably be acquired using end-on source/
receiver geometry to enhance reflection coherency and velocity control.  The source-to-
nearest receiver will probably be on the order of 3 to 4 ft with a maximum source-to-
receiver offset of approximately 100 ft.  Modification to the source/receiver geometries
and offsets may be necessary after analysis of the data acquired during the testing
phase.

The equipment used to acquire the production lines will be based on the results
of the individual walkaway tests performed at each of the proposed line locations
during the testing phase of the survey.  The data will be acquired on a 48-channel, 15-bit
Geometrics 2401x seismograph or better.  Provided sufficient energy can be generated,
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the downhole 30.06 will be the preferred seismic source for the production lines.  How-
ever, the 12-gauge auger gun, 12-gauge drive rod, and 20 1b sledge hammer will be
available if conditions require their use.  The L-40A 100 Hz geophones with variable
damping capability will be the preferred choice for the receivers on the production line.
If the 100 Hz geophones prove incapable of producing acceptable signal-to-noise and
clean high frequency signal, the triple L-28E 40 Hz Mark Products geophones connected
in series will be available.

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 brute processed with commercial processing soft-
ware into aL CDP stacked format at KGS's Lawrence, Kansas facility.  The basic archi-
tecture and sequence of steps to be followed during the generation of the brute 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 brute
stacked section allowing a reasonably confident interpretation of shallow features
(Miller et al.,1989, Miller et al.,1990, Miller and Steeples,1991, Miller et al.,1990).

Each analysis step in the brute processing flow will be available to USGS for
critique.  Any additional information requested by USGS during the processing flow
will be generated within a reasonable amount of time (amount of time determined
jointly).  All digital information requested by USGS 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 USGS 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 USGS staff.
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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 USGS as well as those included in this document.

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

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

2.         Appropriate field boots will be worn and due caution will be exercised with
respect to snakes.  Copperheads and water moccasins have been observed.

3.         A 100 foot rope capable of hoisting 500 pounds will be carried by the field crew.
Although not anticipated, this may be required for hoisting in event holes or crevices
are encountered.

4.         The seismic crew will operate with an established written protocol for initiating
seismic sources.  The safety plan will be approved by the USGS Representative prior to
initiation of field operations.

IV.       SAFETY PERSONNEL

Safety Personnel and Emergency Contacts

1.         RIck Miller q(GS)-Site safety officer

2.        Joe Anderson (KGS)aperations

3.         Charles Daniels (US Geological survey, Water Resources Division [USGS])-
Delegated Representative and Site Consultant

4.         David Laflen q(GS)LLine chief
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Safetv Meeti"z at Survev Site Date:

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

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

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

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

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

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

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

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

. The following people were present today:

Name (PRINT\                               ComDanv Signature

Site Safety Officer
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Safetv Meeting at Survey Site Date:

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

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

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

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

C]      Site requirements (PPC) (gloves, hats, shoes)

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

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

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

The following people were present today:

Name /PRINT\                               ComDanv Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRn`IT\                               Company Sianature

Site Safety Officer
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specific Safetv Requirements

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

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

Fire/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
SNL 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 tines.  Those authorized to prepare
explosives shall use every reasonable precaution including, but not limited to,
visual and audible waming signals, flags, or barricades to ensure safety.

4.         Report unsafe equlpment, 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.

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

9.         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.       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.

12.       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 Dep artment:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Coordinator:

Proj ect 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 immediately.  All accidents will also be reported.

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

SDecific Hazards-The specific hazards involve injuries to persons or property damage
aiising from normal or accidental detonation or improper handling of the shotgun
a-unition.
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 persormel must become familiar with and
abide by these protocols.

Specific shotgun ammunition safety measures as follows:

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

•      Transportation:  The ammunition vehicle will carry proper Dor 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, handle, and load the shotguns.  Shotgun loading
and firing will be conducted in accordance with the attached seismic gun operating
procedues.

•      Firing communication:  Rick Miller shall establish a series of waming signals to be
used prior to and following each shot.  One short horn blast, whistle blow, or other
audio signal will indicate the begirming 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.

Energy Release.  The energy release of the projectile is approximately 14;00 footpounds
at the bottom of the hole.  The gas pulse energy is not known, but there is very little
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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TransDortation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber military-style ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

SDecific Hazards-The specific hazard involves accidents with vehicular traffic withn
tie 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 at more than 6 U.S. Gov-
ernment facilities 0/-12 0RNL, Oak RIdge, TN; WAG-10, ORNL, Oak Ridge, TN;
Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test Site, Las Vegas, NV; Fort
Ord, CA; INEL, Idaho Falls, ID).

IX.       HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

The handling of live ammunition will be in complete compliance with sections VI.A.
and seismic gun operation procedures tooth sections of this report).  h the event a
round does not detonate using standard operating procedures, the seismic source will
be left in place undisturbed for a minimum of 5 minutes.  After this initial 5 minutes, the
shell will be extracted to insure minimal contact with operators.  The unexploded round
will be placed in the metal container used for the storage of spent rounds.  If the round
is an 8-gauge it will remain in the sleeve for a minimum of 20 minutes after placement
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in the metal can prior to being placed in a metal can and locked in the steel containers
attached to the truck.  If it is a 50-cal. round it will remain in the can for 20 minutes
before it will be removed and re-stored in a metal can in the metal transport boxes
attached to the truck.  The unexploded rounds will then be transported back to the KGS
Lawrence, Kansas, facility where they will be properly disposed of.

X.         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, F!.7.cflr77.zs S¢¢fty.
DOE Report DOE /EV/06194-3, DOE £xpJos!.zres Sfl/€ty Mfl7ztt¢Z.
ID Appendix 0550, S£¢7td¢rcz aperflf2.o7i¢Z S¢¢fty Rcqw!.rc77ze7'ifs, Part Ill, Subpart I, 'Explosives"

From the United States Department of Defense:
DOD 6055.9-S:TD, Ammunition and High Explosive Safety Standards
AR-385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat
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SAFETY   ANALYSIS

Page   I

|o±enti a_I   llaz_are

Lost/Stolen  Ammunition

Ourinq   Loadinq/Unloadinq:

Dropped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firinq:

Muzzle  Air  Blast

Ricochet

Fl ashburns

Consequences

Personal   injury  or  property
damage   from  unauthorized   use.

Personal   injury  from
accidental   discharge.

Damage  t,o  barrel,   breech,   or
bolt   and   resulting  personal
injury.

Personal   injury   from  flying
rocks'   s

.

Personal   injury  from
ricocheting  i]rojectile  or
fragments.

Burns   from  muzzle   flashes

Mitiqation/Prevention   Mechanism

lmplementation   of   system   to   issue   daily
ammunition   allotment   and   control
inventory,   in   addit.ion   to  physical   control
of  ammunition   at   all   times.

Assure   training  of  personnel   in  proper
handling   of   live   ammunition.

Assure   training  of  personnel    in  proper
handling   of   ammunition   and   in-i]rocess
inspection   of  ammunition   and   seismic  gun.

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

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

Discharge   into  earth   or  containment   device
suppresses  muzzle   flash.



SAFETY   ^N^lYSIS
Page   2

Potential   Hazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged   I)arrel   -dirt

Plugged  barrel   -water

Barrel   disengagement   from
pl ate

Breech  disengagement   from
barrel

Ourinq   Transi)ort

Accidental   discharge

Consequences

Personal   injury   from
subsequent   accidental
discharge   of  misfired   round.

Injury  to  unintended  target.

Damage   to   barrel   and
resultant  personal   injury.

Damage   to   barrel   and
resultant  personal   injury.

Personal   injury  to  crew
member(s)   hy   flying   rifle.

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

Injury  to  unintended  target.

Mitiqation/Prevention   Mechanism

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

Assure   that  operating   procedures
prevent   transport  of  loaded   seismic  gun.

Assure   that   operating  procedures
include   thorough   bore   sighting   between
sliots   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
balloon   if  water  is  encountered   in
borehole.

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

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

Assure   that  operat,ing   procedures   permit
loading  only   after   seismic  gun   is
installed   in   borehole.



S^F[TY   ANALYSIS
Page   3

Potential   llazard

Accidental   drop  or  collision

Consequences

Damage   to   barrel   or  firing
mechanism

mtiqation/Prevention  Mechanism

Assure  that  operating/transportation
procedures   require  thorough   inspection  of
seismic  gun  after  drop  or  collision
incidents.      Seismic  gun   is   disassembled
and   stored   in   special   compartment  during
vehicular  transport.



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

I         Handling (always assume loaded and ready to fire)

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

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

2.         To and from site and storage:
Must be storage in a metal locked container
Must be stored with bolt and gun in separate locations
Must be completely broke down and cleaned prior to storage
Access to guns and ammo must be limited to trained personnel only
Live rounds caLnnot be stored closer than 5 ft from guns

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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



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 dcres not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters
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llANDATORY     SAFETY    RULES     FOR    USE    OF    THE

.50-CALIBER    SEISHIC    GUN

The   .50-Gal   seistnic   gun  is   powerful   and  must   be   securely   posiEioned  when
fired.     Danger  exists  not   otily  with   the   bullet   projectile,   bit  also  with   the
recoil  of  a  loose  gut`.     Be  sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   t)olE  with  a  metal  object.     If   the  gun  is   jamming  or   stick-
ing,   clean  lt   thoroughly  with  WI)-40.     Wiping   down  cleaned  parts  will  help
avoid   the  cohesion  of   dirt   at`d   sand   to   the   parts.

Operaclonal  Saf ety  Rules

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

2.      Arm   the   gun  ONI.Y   when   the   gun   is   in   POS.itlon   to   be   fired.

3.      ALWAYS   unlock   the   bole   when  moving   the   gun   (disar.n   it).

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

5.     ALWAYS   remove   the   bolt   completely   from   the   gun   fot   transportation  and
storage.

6.     ALWAYS   double   check   safety   proc.edures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all  mounting   tx)Its   are   tight.     Do   not   force   E'i`e  gun   down  an
augered  hole.     Re-auger   the  l`ole,   if   necessary.     Be   sure   t'tiat   the   base  plate
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   place   '+hen  firing   (flex
tcrlees   to   absorb   the   shoctc).

If   the   hole   has   Tfatp.r   ln   i[,   seal   the   muzzle   of   Cl`e   gun  w.i.Ch   Cape   or   a
balloon   to  keep   water   from  seeping   it}to   the   barrel.     Avoid   th.is   situ..i[ion,   i£
possible.     Water   in   the   barrel   inay   seriously   damage   the   siin  when   fired.
Injury  is  possible.

Surface  Mode

Be   sure  all  mounting   bolts   are   tight.     Carefully   protect   the   breech,
trigger,    and   bolt   when  novlng   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN.
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opEBATioNISAFErv puLEs AND BEGULATioNs
FOR ll|E

AUGEF}  GUN

The   auger  gun   is   a   multi-component  shallow   seismic  source
which  is  designed  for  safe  operation.    The  auger  gun  can  detonate  up
to   a  400  grain   black  powder  load   (approximately  equivalent  to   one-
twelfth   of  a  pound  of  high   explosive).     Improper   handling   or
operation  of  the  auger  gun  or  any  of  its  components  can  potentially
result  in  serious  inj.ury.     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   handlei's
must  always  assume  the  firing   rod   is   loaded  and  the  safety  is  off.

ODeration    and    Safetv    Peaulations

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

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

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

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



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

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

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

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



hproved Shallow Seismic.Reflection Source: Building a Better Bumo

John Healey, Joe Andersor., Richard Miller, Dean Keisu)etter,  Don Steeples,
and  Brett Bennett, Kansas Geological Survey

SUMMARY

An improved design of the buffalo gun,
incorporating hole drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordable seismic
signal than the traditional buffalo gun.   The 'auger
gun' is designed to optimize field efficiency,  source
couple, and safety.   The auger gun consists of three
main parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence, Kansas.   Subtle changes in
source environment, such as a 15 cm gap between the
detonation point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
hat-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 wavelet.s.   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
engineering  sources  have  come  predominantly under
the 'gun'  classif]cation.   Development  of a  downhole
shotgun capable of generating a consistently high
frequency source wavelet with  only minimal  increase
in expense and effort o`'er hammers,  spurred t,he
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 AI`iD TECHNIQUE

The  auger gun is designed to optimize
field efficiency,  source couple,  and safety.   A measure
of success with  the  downhole  Shotgun  source (as  with
any downhole explosive source) can be related to
efficiency in generation of broad-band, high-
frequency energy.   Improved enei.gy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(Miller et al.1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile sources  with a steel containment
plate (Steeples et al.,  1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal  diamet,er pilot hole (generally 6 cm,  or so)
approximately 80 cm deep must be bored.   The auger
gun described here incorpoi.ates  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),  a.uger/screw,
and modified buffalo gun (Figure  1).   The power
source for testing described here is a 25 hp, 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified hydraulic auger that receives its
hydraulic drive power from the loader.   The buffalo
gun used for these tests was elongated to slightly over
2 in in length, is designed for bottom loading (as
opposed to the  standard 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 ti.ansportable in the
bed of a standard pick-up truck.

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground,  (2) loading and firing t,he 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 with the weight
of the loader placed on the plate.   The hollo``'-stem
auger flight is then screwed int.o the ground using a
gaging device designed to ensure  the night is screwed
into the ground at a fixed rate and no material is
removed from the  hole.   Screwing the auger flight
tnt.o  the gr-ound accomplisr.es both exceptional  blast
containm.ent and  mini,mat  residual borehoie.   After
the auger flight is securely screwed  into the ground
80+ cm, t,he modiried buffalo gun is loaded (by sliding
the gun over a  shotgun shell), 1o\`.ered  do\`'n the
center of the hydraulic drive head,  through the
hollow  stem  auger flighting, and seati`d into  a sleeve
at the base of the auger flight.   Watei. 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 t,he firing pin or
with  an electric  solinoid.

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

The auger gun incorporates several key
characteristics designed and previously shown to
enhance  high-frequency seismic signal  at  the
expense of air-coupled wave and ground roll  while
maximizing mobility,  operator safety,  field  efriciency,
and ground coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efriciency is maximized by incorporating the
borehole preparation with the gun placement and
detonation.  The massive nature of the design and
improved  shell-loading procedure  minimizes  risk to
the operator.  Mobility is only restricted by the I.2 in
wide, 4-wheel-drive loader.   Environmental impact is
minimal with remnants of the operation restricted to
a nominal 4 cm corkscrew hole approximately 80 cm
deep.

RESULTS

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

Auger gun and buffalo gun field files
acquired under identical conditions  allows for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
h_igher with t,lie auger gun with very little differeiLce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80  ms (Figure 3).   The low-cut filter
does a good job of removing the ringy refractiorT.
arrival clearly dominating the upper 120 ms of the
unfiltered files.   Some subtle indications of 50 Hz

ground  roll  are  st,ill  present on  rilLercd  rilcs.   'l`he
general characteristics of the 80 ms reflection seem  to
be consistent for both sources.

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

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

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition rates and recorded
reflection energy at most sites when compared to the
traditional buffalo gun.  The auger gun is  a
modification of the original buffalo gun design
(Pullan and MacAulay,  1987), and at some sites will
represent an improvement.   As with all  seismic
equipment and techniques, site characteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.  The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Pi.eliminary
testing indicates  t,hat at son`e 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  tc)  the
buffalo  gun  (right).

containment
screw guide

Fig.  1     Diagram represents  the  auger gun  in above-
ground position.   }[odirled  buffalo-gun
portion of t.he auger Lmn is  not shown, but is
conceptually  the  same  Lis  previously
documented  (Pullan  Lii`cj  .\IucAulay,  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.
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lllgli-rl.®oLucloll   Scla.lc   Sourct:.

I)on   W.    Stceplcs.    RLcl`ard   I).    .1lller.    Rail)h   W.    KIIapp.

*di`S.is   Ceologlc.il    Survey.

suHuny

ln   a   dlcecc   comparison,    the   downhole   .50-caliber
seL8oLc   eource   pt'oduced   nio.e   selsnLc   energy,   a
broader   body-Wave   i requency   speccruD,   .a   eiaplltude
dt:op   ln   the   air-coupled  Wave,   and   .  hlghe[   doalnat)c
f requency  of   the   recorded  body-vave  energy   then  the
•1lel`ced   Out.face   .50-caliber   .ource.     The   t'ecorded
•elgolc   ef`er8y   of   [I`e   dovt)hole   rLf le   Shoved   aA
Lt`crea®ed   aliplL[ude   of   6   [o   12   dB   over   that
recorded   by   the   ®Llenced   eu[f.ce   rifle.      The  do®1-
f`.oC   I rcquet`cy   of   CIle   recot'ded   ref lecclon   ef`ergy
Wag   conslscencly   ZO   Co   40   Hz   hl8her   than   the   .ur-
face   rLfla.     The  &1r-coupled   v.ve   a-pllcude   vas
deccc4eed  over  12  dB   by  .ub.urf.ce   I lrln8  of   the
Tlf le.     The   frequeticy   .peccru-of   the  body-vave
pal.e  va8   bt.a.dened  by  .loo.t  .  l`alf  occavc  on  Cl`e
1`1g1`  etid.     The  .afety  of  oper.cloo  of   the   .ource   le
rioc   col.prodLL.ed.      Reflec[o[.   vl[h   &  dol]1a.t`C   ft.e-
quency   ln  .xce..  of   180  tla;  c.A  be  ea.lly   ldeT`Clfled
oa  field  I 11..  .C  depth.  of  1...  Ch.a  30  .  u.1t`g
tl`e  do`+nhole   .50-c®11bcr   rl€1e.     Ideticlflc.Cloa  of
loo-llz  re€lec[or.   fro.I,loo  .1.  po..1ble  on  field
I llco   of  "l[1ple  ve[tLc&11y   .[&cked  dovthole   .50-
clltber  8hoc8.     The  ®ource  .lil  operate   ln  an
ef f lcLent   dianner  collecclng   COP  data,   colmon-of fseE
data,   or   ®poc-correlacloi)  data.

INTROI)UCTION

IncT.|.in(ni:   a.w(ro.`m.!r`[AL   .`nd   cn8(neerLr`8   ^ppll-
c.ilLom   ur   rc[Lt±c[1oi`   ®eleeolog]r   I.ovc   .puE'red
re8c.ircli   Ai`d   develo|)oei`[   af   8halLov   hl8t`-refioLu[Loii
terlt!c[loi`   tt!clmlquca   ni`d   cqul[t.cl`[.      Rcsolucluli   ou
tlie  order  of  A  I]ecer   1.   nece8.dry   to  de[ec[   ulcra-
•IiaLlo`+   torgec9   vl`Lcl`   ate  8erierally   the   goal  of
-o€C   ei`vlro.`qian[al   .1i`d   cngtneerLng   8[udte®.      This
li`ctea8t!d   rcgolu[1on   cofl   bc   ob[alaed   by   booo[Lr`g
tl`..   f rc.i`.¢i`cy   o€   Clie   Source   i>ulse   .hlcl`.    Ln   [uri`,
Lncreaeeg   [hc   doialnaTic   i rcqueAcy   o£   the   recorded
seLsnLc-reflec[1on   erler8y.     C€neTaclng   the  l`18h-
€requei`cy   selemLc   source   pulse   r`ecesgary   for
•hallov   appllcacl.one   has   beerL   accoopllshed   Ln   a
aulcICude   of   dLf ferent   vay8   1z`   the   past   (Hlll.er   e[
al..1986).

Recent   SeLsmLc   Source   advances   ac   the   Kal`e,is
CeoLogLcal   Survey   (KCS)   have   aalnly   t'evolved   around
Surface   projectile-type   8ou[ces   (Steeples   at`d
KJ`app.    1982;   Hlller   at`d   Steeples,    1986;    Seeber   and
Steeples.1986).     A   .SO-caliber   rifle,   which   was
designed   and   bullc   [o   9af ely   £1re   a   7SO-gt'alr`   bul-
let   verctcally   lrico   [l`e  ground.   has   I-ore   recently
b€ei`   Adai}Ced   to   operate   p.r[lally   underground   vlch
oaly   [Iie   flrln8  apparacu6   above   ground.     This   al-
loys   8afe   operaclof`®,   a  higher-frequency   Source
pulse,    at`d   an   Lr`ct'ea8ed   9lgnal-to--nol8e   raclo.

¥.?.I.t:.N..4.N.P.:r.W:.€LI.N_(.q¥.P..

Tli¢    I:t!.icr;iL   deslBI`   centers    aroui`d    o|iclml7.IIii;    [lie
cuiiv€r.iLu.i   tiL'   I:i`€r8y    iiroducl.I    by   a    .5u-c.illLil.r
rtf li`    hiillt?C     lnco    gel.smtc    (acr.u§Clc)    u.1`/es.       Tl`t!

riajoTIcy   of   the   energy   produced   b/   a   .50-caltber
I.oul`d   goes    II`Co   acceleractn8   Cl`e   projecElle   dud
into   exhau®c   gases.      Prevlou8ly.   .1[1`   above-ground
®ou[ces,   we   have   silenced   and   dLspersed   the   exl`aust
848e®   1t`   hopes   of   ellnLna[ln8   ot'   ac   least   8re4Cly
Teducll\g   the   ef i ecce   of   the   air-coupLed   vave   on
8el8d]lc   data.     The   dovrihole   .50-calLber   rlf le
nearly   sliiiul[aneously   excl[es   the   earth   wlcl`   ;I
projectile   and   vlEh   ei(l`au8C   gases   vhlle   concalnLng
moec   o€   the   air-coupLed   vave,    resul[1ng   ln
lncre&eed   frequency   and   sL8nal-Co-noise   ra[Lo   ou
eel8q]lc   record   sections.

The  dovnhole   .50-calLbe[   3elsnlc   source   con8lscs
of  a   .50-callbcr  rlf le  bolted   Co  .  0.6-cta-Chick
a[eel   pl.Ce.      The   [1fle   l[e`elf   ls   a   ®C4nd&rd   .50-
callbe[   breech  .I.d   bolt,   buLIC   by  Texas   Cuf`  at`d
H.cl`1tie  Coopany.   let.ched   Co  .  8Caf`dard   .50-cal.Lbe[
tl.chlne-8url  b.r[el.     Xachlr`ed  grooves   ln   the  barrel
•re  u.ed   Ln  codjuAccloo  vlch  .  pt.es8ure   claqp   Co
•Ctach   the   rlfl.   co  a  30-cm  by   90-cni  gceel   place.
The   [1fle   barrel   1S   lovet.ed   lrico,4  60-[o   80-cn-
deep   borehole   4   c[a   LA  dlaneter   un:Ll   the   plate   ls
flu.h  vl[h   the  ground  surface.     This   steel   place
&ct8   a8   a   ground   seal   and   a   platforTt   Co   Scand   ol`
while   i lrlng   the  gun.     The  wel8ht   of   the   shooter   on
the   place   and   the   8nug   [LC   of   the   barrel   to   the
bo[ehole  vall6   help   Seal   cl`e  gun  co   t`ie  ground.
The   rl£1e   can  be  equipped  vlth  a  source   Sensor   or
clo®urc   #wtcch    to   t:cl`cr.i[i:   ..I    I:liilc`   hru:Ik.       Flrti`i;
can   b¢   doi`e   el[l`..c   clccirtc;iLLy   by   s.}lcl`oW   or
ie,m`I^lly    by    pl.l`(ni-.    [Lt..    rrli..I..I?r.       Tlit.    Ilt.vlil``)Lo    .iu-

callbcr   velt;I.s   about   J{)   .<c   ;iitlJ    L*   i.;Islly   l.Jo-iicrsi).I
port.bLc.

I.t{E()Uli:NCY    ^NI)   A-J'l.I

TI`t!   dowi`l`ole    .`0   c;.llh.:r    iii.uJ`it:|.i    Cruiii    b    I:o    12    illl

g[eacer   recordabLe   sets.`Lc   cl`ergy   a=   equLvalenc
offsec8    Cl`ai`   the   sll.encl.i   surEacl.    .50   caliber    (C16.
I).      The   increased    recorded   ci`erg;..   boo§Cs    the
signal-Co-noise   enough   Co   s`ibs[dr`:Sally   cleat`   u!]
the   record   3eccloti.      The   source-co-closesc   geopl`one
of fse[   ln   fig.    `i   ls   43   a.      Besides   :!`ls   ncclceabl.e
li`crease   lr`   recorded   Seis`1c   er`ers:..,   a   consiscei`C
20-40   Hz   l>oos[    Ln   tlie   do.QLnf`.`[    i rei`Iel`c.v   of    tl`c
Source   wavelec    is   cl`#rdccerL.qttc.

In   pt'evlous   shallow-soijrce   co.ipa:isor`s   (y.iller   ec
al.,1986),    the   surface   .50-ct]llbe=   pcr€or-ed   com-
parably   to  Mlnl-?riz.acord   and   a   I.J-gauge   auf falo
guri   ln   Local   energ:J   and    €rcq`ieiicy   s?eccruG.      TI`e
rloccd   increase   la   freiiuency   .ii`i!   cr`er5y   Would   in.`ke
the   dounhole    .50-callb€[   rlfle   co..p`irabl.a   [o   cl`e   3-
gauge   Buffalo   gun   chLch   gas   .ifliong   :he   be§c    Soilrces
tes[ed    for   refle::ion   e:..€r3y   ve:su5   3rou``d    roll,
[ocal   energy.    anil   i.eqilericy   r.oi`cei`:.

S^L.`1:'L`Y



I)ov``l`t.I.I     .50-C.I.Llior    RLf lc

mnul`tctl    oi`   fl   0.6-cm-Cl`lck    ficeel    I.lacc    [o    iir()C|.cC
[l`c   oi}cr.icor    [roiti   f I.ngflienca    and    to   help   hold    Cl`e
I:`i.I    il.?`..`Ir'|.ly     I(`    pl.`cl..        .`li`cc     llle     proJt`cCLlc     I.1
f lred    froi®   a   bolt    and   breecl`.    ot.lglr`ally   de8lgneil
as   a   c[.`nd,ltd    I lreArm,    CI`e   ucmo..C    ln   8nfety   l`ag
•1trl...``Iy    I.ci`n   JI!fitBi`cil    Inca    Cl`c    nc[ual    i [rlnf.r.
•uuclii`i`ltil..       .l`I.a    bolt    I.`id    brcecl`    iiitinufAct.ur¢.
desL8ned   the   apparacu8   not   Co    frag.enc   even   lf   Cl`e
barrel  vac   coropletely  obecrucced.     The   bart'el   le   ln
*CJ`l``Ii.r{l    `mt!    by    CI.a   U.    S.    I.lll[^ry    oi`    .50-caltl}cr
a.cl`Ltle   8une.     Tlie   extr.   [hlckneea   of   a   tBachlAe-gun
barrel   eerve8   to  dls81p4ce  heat   and,   eepeclaLly   ln
our   ca8e.   procect®   f[oli   blo`rouc   lf   focelgn  .acer-
1al   8ece   Lnco   the   b®rrcl.      Thle   itLaLes   cof`tlnuoue
o|)eraclorie   ®afe   atid   coneletenc.

CASE    STUDY

SlleTlced   8urf&ce   .50-c411ber   ve   Do./dhole   .50-
callbec,

Tt`c   tlL[t!ct   corDparL®on   o£    Clie   8urf.ce   qi`d   Cl`c
dovnhole   .50-caliber  tLf le.  vac   pet formed   near
Wlnct3r   t'4rL,   Color.do.    1n   .a   .Ctelapc   Co  detect   tl`e
Hot i.[   raLl[o.d   [uonel,   85  fi  below   the  eur£.ce.
Tt`e   recelve[.  vere   .1n81e   LOO-u2   8eophone®  vl[h  .
I.2ii  .taclon  lA[etv.1.     The  .out'ces  vere  43  -froD
[l`a  clo.ee[  I.celver  .C.[1oti.     The  re.ultlt`g
recorded   field  file.  plocced,   u.1ng  true  &aplltude,
cl€^rly   I)l`ov   the   lncre..ed   4i]pllcud.  AI`d   Cha
Lncreaeed   .18n.I-co-f`olec   r4clo   of   the  dovr`hole
rL[Le  aa   coopated   [o   the   ®urf.ce   Source   (fl8.1).
A  glaring  dlf ference  le   the  .baef`ce  of  .1r-coupled
vave  on  the  field  file  uelng  the  do`mhole  tlfle.
The   frequency  dlf feret`ce   le   obvlo`is  on  the  anpll-
tude  8peccr.   (fig.I).

Do.nl`ole   .50-caliber  Field   Flle8   .rld   §

The  dowr`l`ole   .50-caliber   rl.fie   caa  produce  a
aource   pal.a  vlEh  4  dooln®t`[   re£1ecclon   I requerLcy
ln  exce..   of   180  Hz   (fl8.   2)   vhen  uSed  vlch  .f`alo8
lov-cue   i llEere   that  h.ve  a  -J   dB   polnc  of  220  Hz
.il`.I   a   24   du/occflvc   rollo[f .      Cleni`   -lnti.ulii-pha®e
rellec[1ol`  wavelec.,   e®slly   ln   excess   of   150112.
can   be   Ldel`[1f Led   dovn   co   270   aaec   dLreccly   oE[   the
fLel.d   £1Le   (fl8.   3).     The   8peccr`iio   of   the   reflector
AC   85   mscc   L3   altno8C   3   occave3   ®cro6s   vl[I`   corT]e.
frequei`cles   o€   40   and   290   H2   (fig.   3).

The   downl`ole   .SO-caliber   rL£1e   has   not   orily   been
p.ovt!``   [o   be   a   useful   ehaLlov   hlgL`-resoLu[1ot`
ref leccLon-selsmlc   ®ource,   1t   &leo   poeee8ses   the
capabLllEy   [o   pei`e[race   aa   fliuch   a81,loo  a   of   .edl-
mer`Cary   veneer   overlain   by   15   to   30   a  of   veachered
alluvl`in   (fig.   4).     Tlie   re€1ectlon   .c   720  n®ec   on
the   £1eld   £Lle   Ls   Arbuckle   dolonlte  a[   a  depth   of
L,loo  n   ln  central  K4nsae.     Thl®   el8hc-8hoc   etack
veg   recorded  vlth  30-Hz   lov-cue   fllcere   end   [eri  40-
Hz   geophones.     The  do"1nan[   frequency   of   the
reflecclon  energy  ls   about   loo  Hz.
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85   msec  Beflector  Wavelet

Amplitude  Spectrum
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FIG.  3.
-The  amplitude  spectrutn the  ref lection ulse  at  85  ms€c   is   almost  3  octaves
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jlin MAI EKIAL~JLJLLL   SAFETY DATA
OCEAN®   Network
EMEFGENCY  PHONE  1.80®OLIN-911

SECTION  I  -lDENTIFICATION

sEaioN  Ii -NORMAL  HANDLING  pROcEDUREs

sEerioN  iii -HAZAROOus  INGREDiENTs

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA
f`^Sll POINT         Not OSH^ CL^SSIFIC^TIONI...      . FL^WW^BIE|      |oWEF`      I      uPPEFl

EXPIOSIV€ - -•.                  ;..        =.-
|IW'TS

EXT"ouisH"c HEbl^                               Deluge  wit-h water,  material is self-oxidizing.   Flood  with  Water
to  fitrht  fire  and  to e®ol  sh.11.<_

SPECI^L FIFtE  H^Zi.Flo .  Elf)E FIGHTING  I.f`OCEOuRES

Evacuate area.   Fight fire  from  an exDlosion resistant .location.
•`                                          `   -`.     -`    -                     S-£CTIONV--HEALTH  HAZ^RODATA                              ---.....   `.+`.--



SECTION  vl  -TOXICOLOGY  (Product)          (Slilall   Ar=is   i-mu`iiti`'`r`

SECTION  VII -Splll AND  LEARAGE  PROCEDURES  (Control  Procedures)

ACTION  Fof]  N^TERl^L AEIE^SE Of` SPILL.

Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See    29     CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.   isolate  and  do  not  seal.
Label ''Small Arms.Ammunition''.   Wash all contaminated clothing before reuse.

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

Tf}ANSpof]TATION  EMEf]GENCY,  CONTACT CHEMTf`EC 600424-93cO
WASTE  OISPOS^L HIT+loo

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

sEerloN  vui -sHlpplNG  DATA
a.a.T.cues                                              Chss c Explosive        OHM-D

SECTION  X -PHYSICAL  DATA

WEITINC  POINT               N/A v.POB pf`ESSuRE                   N/A VouTllES                                   N /A

BOIIIWC polNT              N/A- soiuB!ilTt in wAT€R          N /A Ev^pof`^`no«fL^TE--..|lJL.V^Pof`DENSITY(^lr.1)N-/A

:SPECIFICGF`^VITY  (I+,O.1)          N/A pH                                               N/A

I

iNFoaMATION  Fuf]NISHEO  BY:                  C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

D®partm®nt ol  Envlronm-nt®l  Hygl.n.  ®Iid Toxlc
(203)  789

olin  cORpOF]ATtoN
120   long  F]idoe  f]oad.  Slamlord, Conn®ctlcut 069C

OCEAN®   N®twork
EMEf]GENCY  PHONE  1.8000LIN-911



in.alchaJ  Salty Data Sh.oet  ,     .
W.y be `i-.d to eapjF IM
OSIA.i rqLzlLrd caTmirfu]Ich. S14ndirtL
29  CfF`  1®10.12cO.  SIInd.rd  m`iet  t-
cm-Il.d tr p.cffb rqi]m-

U.S.  Department  ol Labor
OcciJp.`ion.I S.I.tv .nd He.lth ^dmlnlltr.tlon
(Nan-M.nd.`ory Fom|
Form Approed

OM8 No.1218cO72

•  «zp `

®®rfTTl  t^- lh.a on l^b.I .rid lJ-
All  Shot8h®11  Amunltlon

NunBrfuH,thHon-B=LELTgr==%==k:#=#=
S-I •. -Snail  ^r"s  Arm]nition-

l|,rlJIE'ul,I, , ||IT, Emaperq/ T-Hlrnt)-    .
Reminqton  Arms  Co. ,   Inc. (Sol)  .   676-3161

^LI®.-. O*Irtib-. Sde* C*r. Sn\ .nd ZP Cot.I T.l®givon. t`lLde- tr. hBri`.tlan
I-40  a  Highvay  15.       . (Sol)      374-2246

Lonok . , Ark.ansa8        72086               .    .    `    .          ..
a,I, P'eyd`      8-12-86    .

.,, Siqri.\m ol pap.t-(tcario       .       .
W.G.   Bell,' Chem  Lab  -Techr`1cal  Section

S.ct)on I - 11.I.rdou. Inqfodlontl^dontlty hlom.tloil

11.z]rtloL. Cajjiji=riiii= Go-clt dlimlcal I)-rlh( Conmon hlon[q|        Osl1^ PEl ^cam TIV              f`iieeiiiriiiif]iji=i±            ` ftFfa®

Lead.,   Inorganic  and  I.Cad  ccapound9.                     50mg/M

^r8enl.c  and  c \|nd®                                                          10

Anthon and  ctm nda                                                         500  tn
Bariun  and  compounds                                                           5oo  fng/M3,
»itroqlyerln   (0.05  rm  chin)   500. znicrograng/M3  of  air

Dcyr  -  "Small  Arms  Aminition-
Cla!g C  Explo.iv.

. Oan-D

S.ctlon Wl - Ptry*c.I/Ch.mlcal Ch.ractorfuLlc.
eelpe put                                 . s#g#1t£;:)

Woe  arpllcable
V.pEr pt.-ilr. (mm HO.)     ' -Put

Not  applicable Not  applicable
Vtr arty pe . ''

froqur_T„^oTAPEL`.calLeNot  .ixpllcabl®
S¥dh#ead  styphnate  -|ngol`]blei  Lead Nitrate  -„  gin/100cc Water -loo.C

-vp I.d Cb
GrayiBh,  Gray,  S11v®ry  rat.rlal  i  »o  odor

S.ctlon rv - FIT. .nd Elplo.loo HILzf rd Data
Fwh pch 0" Ire FL- LM u UEL

Not  applicable Not  applicable »^ W^Ez- LL"
Haterlal  18  8elf  oxidizlJ`

Sp-I Fh Figivo froc.Our-  I
flood  vlth  vater  to  £1qht  flre. and  cool  8h.11..

um#eiFi".TiET¥tg#e  when  expoBed  to  flame  and  high  termperature..



S.ctioa v - f]..cwrty D.I.
Srtyty Un- Cot.lucoro^Vul]        Fiane8,   sparks,   percussion  or  shock  and  higb  .

S-
X teliiperatureg    (130®C)

lncomo.llb.llty (A/./.I/./. lo Arod  .. Strong  mineral  acldg  and  alkalig
t+.zlrdotl.ciL*riiiinHri-riri-orFrt±±tca Oxides  of  carbon,   nitrogen  and  lead  f]pa®g.- Wrty Cgiv Con~kl^rd       Heat,  £ire.  static,.  £r|ctlon  and  Perougglon.

wu rth Cdr
X

•,

S.ctJon Vl - H..lth Hazard b.ta
RaJI.(.I  ot  En.ry:                             lnt`.I.lion? Fumes Stu?  cuts  or  abrasions  -REtrl7cles
tTn#E `#igT:engctoria ,  efroryotoxin , "1nutrition ,

tJeakness,  mental  confusion, allor  -
tr'eat  per general  lead  expogure}'  headache  and  Tiausea

c=wingin..        RTp7 l^Fce I;aF±=7                              os}|l^ p±e+±.Ef7
I,Cad  -  Yes

Siqr-rfs\17to1-a.E-'.      .      Refer  to  health.hazard  above.           `                                         .     .   .

lled±±! Car`d"on.    IG-tF=?F A~d by ErmJ- gas_troin=estinal   tract;   kidp_e_ys t.  bloo_d__anq  c_entral  neprq`]_a
8ygteB.          (CNS)

Ent-rt FHAI PTOC~         s*in.  flush  with  Water,   if  avallotled  geck  medical  attention

inediately.
S.ctlorl VII - Precat/tloe. lo. S.I. H.ndllng .nd u®®
St.p. I) 8. Tutco A C-.. W.rid b R±Ie+___.±E± cr SpAd                                                                                                                           +

Use  nan-sparking  equipment  to  f:1eanup  and  store  sbells  -  a`roid  ignj.tlon  sources.

JFat¥l¥___b=E  burned  p=: .appr_opii_ete  £_F9€ra__I?  st_at:  epd  loc_al _req_¥_I__?___±_o_r¥_£pg[=
contact

fh±jfu ro a. T.to h H.rule .rd Sirfg

Refer  to  r®lea8ed  or  EIpilled  ddt]. abo`r®.Ch-ho
Label  containers  -  "Small  Arng  Armunitlon"  ttear  gloves  and  6hrapr.el  protection.

S.ct!ott Vlll - Control W.I.tir..-=riiEFptt--d='try----.--^=:1;d{.;c===
osm    SA/HiE/SCBA

ing  cart.rldg®8.Q^-  Prat.ctJ`. Chh.riq ® Eajiciri=i= Use  heorlJlq  protectic`n  when  di9charg



"sFEB  i]5   ''3=   itJ'3:oe"  ELEt:TRciLIF-I   BFITTERy  '3i3   8d2  29£T

aENERAL MOTof]s cOBpofIATION
MATERIAL SAFETY` DATA SHEET

SECTION I

i . i,,'3

SECTION 11 -lNGflE0lENTS
(ltlt ,11 lng,®dl®ntS)

C^S  P€CISTf`Y  NO. XW hv CHEWcO N"t(Sl
lJlt#,dit!:Ti?%.#'i

7664939 37 Sulfurlc   A¢1d NA_

7732183 8&1 .    Watcr N^

7439__9_21 90 -. tl^_

£eparato,. ,   ..       _    -
D4 r eTn i ¢

~

--_
[ -.        ,       '            .                             `.           .       .`                                 .       `-

§ECTION Ill - PHYSICAL DATA
OIL,H¢ PO,^tm.I  .,,_i -.`....

Av -,   .                  i,                  '

y,AEpiESSUAt€  _dA|3fl  I giv mciNT v-oiAtiL. .y voLUM€ t*i
t]^ #tlgH¥Tt£9Uo.v L

y^pOR.iNslTV IAm. tl                 _  i  ttA tv^roRATioH A^TE I  -          . u
\.

soiiI8iL.tyiNMr.^¢i8ie     ~       I giv-                                                        _   { 1.a
"ta€cA#+S!u+HLpt-e°€!qutd  (acid_con±£at}                      _    __   _      _   [`SMffi'|       tBufu#_

SE¢"ON IV - FIRE AND EXPLOSION HAZAf]O DATA



JEI I IUN  y-HEALTH HAZARD DATA

sECTioN vl,flEACTrviTy DATA

LT^:Llitt

uNST^e_I( Coh6TiioNS TO-^VOIO           -

7A,|t
X r-`NcoHPA"ltltY (in.I.Oloo-WO`d'uxtdi2i,a  or   reduclm  rna.eri31g

HAz^Acou    OEcoMrosiTTON lIOOUCTS:

SECTioN viii.spEciAL moTECTio_N INFOBMATioN



-.  `    HJ,=i   =|     '91    14:OT   CH13l:10IST    INFOJIGT   OFC_CEllcc-Il`l

(MATERIAL SAFETY DATA SHEET
PRODUCT SA   825   0012

F.S

HAZAAO  I)ATINC
A  -  EXTREME
3  -  HIGH
2  -  MC)OERATE
'  - 8|laHT

lN8lGNIFICANT
P    GREASE                    I    |O  -IN8lGWIFICANT                        v   aac„I

Wl\ TCcj MA^uFAC7ijair`G Civ\SION  OR 6U6SIoiARt EMEflGENCY  TELEptioNEyey¥F,ACTUREF762. 5sOOEffiRfc1.teooi424-93oo

AooaESs iNUMBEf`. STa€ET. city. STATE.ZIP Confi

1

ChEMICAI NAME Of] FAMILY FoaMUL^
3 Petrol eum  Hvdrc>cerbon 1NA

'SE CtloN  ll  -.CHEMfcAI AND PHYSICAL 'PF]OPERTIE9                             *CHEM{CA L..                                           tpHYSICAl'`
hA:Afioous DECOMPOSLTIC)N PAOOUCTS foamI        Seml-sc)l  ld

6 Carbon   monoxlde.   carbon   dioxide ODOR
INcoMPA Ti8 ii.iTy iK See ^w^ y Fflo~,I Mineral    Oi  I

Strong   oxidlzlng   agents   such  as:      hydrogen   peroxlde, ^p.EAn^NCE
6 cr.romlc   E]cid.    brc)r.ir`e a Gr.ease
LrsT ALL tax ic ^NO HAZAftoous iNaBEDigNTs,None

„,lop      Amber                                       I
P'2 ECIFIC  GRAviTViwATEA]11RT 0 . 92 4

`EEctloN tll.i:FlfiE..ANO`t)(PLO8loN DATA.'
Boll,NG PT.'S

NDA                   ®r,C

SPECIAL FIF`E FIGHT ING f]RC)CEOuRE§ FIASH POINT IMETHOO uSEolAboveC.a.C.

Fire   fighters   shoulc!   wear   an EB-.
--hiELTNa FT.

RA.c

eoproved   self   contalned   breathing FL^MMABif iiMITs eSNDA27|oWER_UPPER-
I,

®g

34
aoparaTus.              .

sc)iuelirTyNW^TEFl

Net I  : e I b I a
UN USUAL Flf`E ^N0 EXPIC)SION HAZAAOSDensesmoke EXTINGii`si+iNG^a€NTS

Z DaycH€MicAL    X= CO, ^T-.C
=wATEaspRAy    ± FOAM.W^TERfocRSANO/€^f]"2- ',

*  VOLATILE'a(IYWT*l
NA

2- .OTHER €VAP. fl^TE'7(.'1

NA!sECTioN rv  -  HEALTH HAZARD DATA
PEftMISstBIE CONCEN TAA tloNS (AM/

T

|H
',

V^POB Pfl£SSIJflE(mmtJo,,20,C' NA

9 NDA
NAiEFFECTS OF OVEAEXPOSuRE 1, '^m  ,  ''

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

T o* icc)iocicAi mopfh T iE s JO ®H'1

3' NP,4. sTloN6 ^cro        _                                        `sT.ONGaAs!
EhlERG£NCv  FiasT AID  pflocEDufiES

32 ETEs     Flush   With    large   amounts   cif   water   for   at    lea5t    15   mln. sTA8|E                                               .\.

Call    a   ohvsicien    Immediately.
I

uNSTiBLe

33J€3! SKINCONtACT        wasn   thorc>i.§h|y   with   Soap   and   Water. V^':§,3o;::              ,oo<o`R°*..^'=2

`NHALATioN                   NDA.

231             NA

IFswAiiowgD        Call    a    PhYsicier.    Immediately.

N+  -hot  AppLic^eiE                                            NOA  -I+ODATAAv^iiABiE                                        <.  i€s HA,\.                                        >. MOBEIH^N

Paa6  1   of  2

cop,.`  ,:c.  5S`.   ..i   =-



Flu.:-=1     '9114:08   CHI:itJ    [115T    INF-O_MGT    C/r~C_CEl`(CC-Il'l

MATERIAL  SAFETY  DATA  SHEET      pf]ooucT

F.d

SA   825   0012

speeiA(.I.flECAUTIONs
PBECAUTIotls TO a€ TAKEN IN HANDLING ^NB STOAACE

Keep  containers  closed,

8ecnoN vfii - TfiANsrof]TATION DATA

].          uN]R;Got.J5tTT€°  E

u.s. a.o.I. fBopea 8HippiNG NAME

7

:..                'E€UoL.%TED  E
ll.a. O.O.T. tlAZAf`O C|AS5 I.a. NUMB€B

a I,

TPANSPOPTAtloN€MeaGENcylNFO®M^TIONCHEMTREC1.t8Ooi43..9aoo,,
:o°                      fiBELISIA€ouiaED
FBEiG HT ciA5siFicATla NPetroleul   Lubricating   C`rease
5Z

:;£CIAL "NSPORT^TION NOTES                                                                                                                                                            !

SECTION IX - caMMENTs

KE:i   OUT   OF   F`:AC'n.   OF   CHI  L9REN!  i

We   beli.ve  the  6tatem®nts.   technical  Information  end  r®camm®ndatlona  corltainod  h.i.in  .re  r.liable,  but  they.
are  given  without  warianty  ar  guarantee  of  ]ny  klnd.  express  or  Implied,  and  w.  assume  no  ie3pon9lbllity  lcw
any 10[6.  damage.  or cxpen8o,  dif act ol  cons8qu®ntlal.  arising  out  o{ th®lr use.

PJ56   2   o!   2



fiuc`   =1     .'.al    11:l=.h=   CHGO   DIST    Il`rjijlt:T   0FC_CEHCC-Ill

MATERIAL  SAFETY  DATA  SHEET      pRooucT

F.i

SA   825   00!2

§E£TTONvil-i+speeiA&..f3RECAUTioNs
P86CAUTioNS To 8£ TAKEN IN tiANoiiNG ^NO SToaACE

Keep  containers  closed.                                                                                                                             .
13

8ECTloN vlll -TFANsrof]TAlloN DATA

x        uNf;%¥5tTT°  E
u.s. a.a.I. .napEa gHipl]iNG NAME

47

: I               nE€uoL.%T!°  D
u.a. a.a.T. HAZAno ciAss I.a. NUMBER

a

TRANSPORTATION Aa LA8£L(£l R£QulREO

EMeRCENcyiNFoaM^TioNCHEMTREC1.{Sool434-9300 60 6'
FR EiaHT cueSIFICATION

52 Petroleu.   Lubricetin§  C.rease
6P€CLLLTRANSPORTATIONNOTES

1¢ 33

SECTION IX - COMMENTS

KE:i   OUT   OF   a:AC.+   OF   CHI  L9REN!  !
1£1

\^/o  belj6ve  the  6tetem®ntg.  technical  information  and  r®comm.ndatlot`e  contt)ined  h.r.in  .re  raliat)I..  but  th®y
ale  given   wlthout  wE}rraritv  or  gu8rant¢e  ot  any  klnd.  .xpres8  or  lmplj.d,  erld  W®  ®$8um®  no  feiponaiblljty  for
any  loss.  damage.  or cxpen8e,  diiect or cons8quorttlal.  arising  out of th®lr use.

0336   2   Ct   I
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MATEPIAL  SAFETY  DATA  SHEET

P.5

Tax   no.     :    042840
Prlnt   Odtc

Last   R.vlewed
oF/ao92e/9g
o5/03/89

Part   Type   and   Nilmb®r                                                           Part   name
------------~,,--I,-.----,------------..--,,----.--.-----------,-----------------,,,-
Ford    -U.S.    BATTERy    -ALL                                                   BATTERy    ELECTaoLTTE
Motorcraft   -U.S.    BATTERY    -ALL                                BATTERY   EIECTROLYTE

---------------- ti ----  CHEX( GAL  AND  PHYS I GAL  PROPERTI ES  -.I --.----.. I -----.-----.

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

---...------- I.-HAZARDOIIS   AND   OTHER   DISCLOSED   INGREDIENTS   ---------------------

Percent            Exposure   Llmlts   -TWA
Range                ACGIH/OSHA(where    e3t.)     CAS    number             Cheiti:¢.I    Name

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

Expo.ure   Limlt  Abbreviatlens
a ,.-.,- I I - - I, - , I ,,--,,,,---,,, ~ ----,,,,

TWA-tine  W.1ght.d   Av.ra!®     C-C.lllnq
S-Short  Term   Expo.Ore        Sk-Skin

Sol-Solubt.   Compound£             Fu-Fumes
ln&ot-lnsolubl.   Compounds        Du-Oust r..+'

.[r._..r ................ i... RE a ULAT0Ry  , NF ORMAT , oN .........., in...... _ ...... _.

This   product   cent.ln€  .   toxic  chemical   or  ch.mica`.   .ubJcct  to  the  reportlnc
requironente  of   Sactlon  313  of   Tltle   Ill   of   the  Supcrfund  Amendm.nts   and
R.authorization   Act  of   1986  .nd   40  CFR  Part  372.

-----========--==iiiiiir=--=±=iii====-SIGN^LWORO=I----,-.-J=====LL-I-===±====-========

DANGER   --CORROSIVE

---I------------.-r---------HAZARDS---.----.---I---n-I---------t=a---=
Contact  with   this   in.terial   wHl   cauSe  burn.   to   th.   skin,   .yes   and  mucaus
in.mbrana8 .

Wh.n   trtls  in.t.rlal   com.i   into  ccin[act  with   the   .y.a,   .eriouo   danag.  may  occur.
This   product   ls   h.rmfu.I   by   lnh&latlon,   wh.n   :A   contact  with   th.   Skin

•nd   if    lt   is   .wa``ow.d.
ThiS   product   19    irrlt.ting   to   the   eyes,   respiratory   iystou  and   .kln.
This   product   may   bc   fatal    lf    lt   ls   Swallowed.

FORD   MOTOR   COMPANY
DEAfi80RN   Ml   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Pr1n`D\t`..obp/aQ92e/8o2

--.--.-. I -.-. I -----  TARGET  ORGANS   AND  MEO, GAL   C0ND ITl ONS   ----.-- a -----.-.-.- a--a

Ov.rexpo3ure   to   Com.   h]z&rdou8    Ingredlent&    in   thls   Product   has   been   found
to   affect   certain  body   organs   and   Syston.   In  cxp.rlm.ntal   anii7I.lt   and/or
humane.   The.a   include:

lungs
Teach
Skln,   Ey.a.   and   R.&piritory   Sy8t.in

----.--------.----.----  ACUTE  Tax I C (TY  I NFORMAT I oN  -.---------------------- I

Baaed   on   th.  composltlon  of   th.   product   fdehtlfled  by   th.  Supplier,.
Selected   por[lon.   of   th.   acute   toxiclty   Information   frol7I  RTECS   ar.
3S   follows:
7664-93-9         SliiFURic   Acie

lnhalatlon.   .dult   rat.   LC50   -5]0  mg/m3    (2   Hour.)
Oral.   adult   rat.   LD50  -2`40  mg/kg                                                          .

----- I-1 ...--- b---I.±J ---- I--SAP E  H^NDL I NG  AND  STORAGE -------- ±i+-i-T-====---JI ----

Oo  not  breath.  g.a/funee/v.pop/Spray.
ul.  thls  product  with  ad.quate  v®ntll.tion.
Bo  not   g.t   thl8  in.t.rlal   lh  your  eyes.   cin  yeLjr  .kin,   or   on  your   clothlng.
Thl.   lS   an  oxldl2lng   .g.r`t  -avold  brlnglnq   lt   Into  contlet  wlth  an
orgariie  materi.I .

Stol.  thi&  product   in  .lr-tlqht  contaln.r&  awty  fron  aourc..  of  haft  .nd
I i ght .

-'n ----- q'L---F IREi   EXPLOSION  AND  REACTIVITY   INFORRATIOH  -Ill-==iri.llu ----

Bringlng   thlf   product   Into  coAt&ct  wlth   conbu8tlble  mlt&ri.I   m]y  cause  a   f Ire.
EXTINGulsHEa    INFORMTION:    Dry   chemical,    foam.    carbon   dloxide.
ute  w.tor  to  cool   f lr.-.xposad  centalnerf  and  to  protect  p.I.onnel.
W..r  I.lf-contain.d  bra.thing  appar&tul.
Th!€  product  can  r..et  vlolently  w|th  reducing  ]gent.  and.orpanlc  nat.rlil5.
Explotlve   HYOROGEN   GAS  may   be   r.I.&..d   lf   &qu.eu8   .olutlon&   al   thl.  mat.rlal
¢emc   tnte   contlet  with   reactlv.  itietall    (IRON,   Z"C.   ALUHIWu")  .

Irritating  end/or   toxlc  tub.I  &lld  a.sea  may  I.  onltt®d  upon  h..ttnq  of
thli   product.

The  d®compo&!tlon  of   thls   product  wlll.  release   toxlc   ga.6S.

FORD  MOTOR  coneANy
DEARBOF=N   M(   44121
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P.7

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo298o3

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

Use   of   an   impervious   apron   1=   r®¢ommended.
use  gen.ral   v.ntllation  and   u8c   local   exhaust.   wh.re   posslble,    In  confined  er
®nc}os6d   8pacee.

Wear   ch.mlcal   goggl.a   .nd   f.ce  ehleld.
The  use  cf   naopr.ne  glov.e   is  recom.nded.
Ih  else   of   contact  wlth   .y.&,   rlnSe   imedlately  with   plenty  of  water   and   eeek
medical   advice.

Imedlat.ly   tak.  off   all   eontazntnat.d  ctathif`9.
If   the  matarlet    T±   .w&tlowed,   get   lrm.dl&te  medical   attention  or   advice  --
Giv.  sev.ral   g118ses   of   water  or  milk.

It   gal/fume/vapor/duet/mlst   fran  the  mat®rlal    is   inhaled,   remove   th.  affected
per.on   lmmedi&t.`y   to   fresh   air.

for   ekln   cant.ct   f lulh  with   large  amounts   of  water.
Wash   theroughly   after   h.andlln§.

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

lf   the  product   i&   Ingested,   probab`.  mucosal   d.Rage  may   contr=iridlcate   the  use
of  ga&trlc   t&vage.     Tr.at   th.  affect.d   p.rson  approprlately.

-----------------------  SPI LLS.  LEAKS  AND  O I SPOSAl ----n---p --.------ ===

Eumih.t.  all   .ourc.I   of   lgn:tlen  or  fl&mmabtef   that  may  cone   lnto  contact        .
wlth  .  .pin   of   this  mat.r!al.

Avoid  .kln   cont]ct   .nd   lnhalatlon  ctf  vapors   durlng  di[poiil   of   SplHs.
018pot®  of  watt.  materl.I   ]ccordlng  to  Loc.I,   Stet.,   .nd  Fad..II
Envlronm.nt.I   a.gulatlon&.

In   caE.   of   larg.   .pill®,   foHaw  ®11   facHlty   Em.rg.ncy   Reiponse   Procedure8.

----- I --.---.----------------- S P i C I AL  REMARKS  --.-------- I -------.------ ===--

This   I.   .n  .cldlc  mit.rlal.

------  u.  s.   eEPARTHENT  OF  TRANspORT^TioN   INFORMATioN  ---:=±±-I ---- [=

Shipping   flame:    BATTERY   FLulo.    ACID      UN:    27SC
Hazard   ClasSI   Corroilv.  matarlal                  Hazard   Label!   Corrosive

The   chonlcal   nlme(i)    .ppearing   below.under   `'NAME"   miist   .ppear   &e   part   ot
Shipplno   a.mc   lF   ths   amount   being   Chipped   in  each   ¢ohtalner   .xc.ed±   the
quantlty   lhown   under   "RQ"   below.     The   l®tter5   "RQ"   must   818o   appear   as.part
of   the   .hipplnq   llama,    In   th.   form:

•hlpp:ng   name,    ch®mlcal    n.me.    RQ.
for   U.S.      Shlpmelit.   fran   Ford   FaciHtie!,   eonsult   the  ''Ford

Hazardou8  n.terial   Tran8pertation  Control   Progr.in"  Hanual.   oth.rwis.
con8ult   49CFR172.
------ CAS--RQ (Ibs)   -NAME ------------..----------.------------------------------

7664-93-9         2777         SuLFURICAclo

FOBD   MC)TOP   COMPANY
_     _ _  _  ---, J,     ,A , A  ,
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MSDS
(CC)NTINUEDl

P.a

1.ox   no.    :    042840 a      prir\t  Date  .   oF/aoq2e/9#

...........................  PREPARAT , oN  , NFORMAT , oN  ........... [r ............. I...

H.alth   and   safety   Information   ha8   been   evaluated   by:

Environmental   &   Occupation8l   Toxicology,      Occup®tional   lleatth   6   Sat.ty,
ford  Hotor   Company
goo   Parklan.  Towers   W.9t,   0®arborn,   Ml      48126        '.

For   .mergency  caH!       (313)   337-3182   -or-(31j)    323-0045   (for   24   hour   ..rvice)

Thls   i.   tti.last  page  of  thi.  hsos.

FORD   MOTOR   COMPANY
OEARBOEN   MI   48121
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AMOCO   REGULAR   LEae-FREE   GASoLzh.a

P.9

MAiruFAc"RER/suppLIER:
A]doco   Oil   Co8]pany

2i!c:::: i:#::I: D:i:8|

8MERGENCY   HEALTH   {NFORMATION:        (800)    447-873S
RERGENCY  SPILL   INFORATION:       (800)   424-9300

C"REC,  U.S.A.
OTRER  pRat]ucT   8AFETy   IRTO"ATION:      (3i2)   856-3go7

IMPORTAllT   COMPORERTS:      Ga&ollne   (GAS   8006-61-9)   ACGIH  TLV   300   ppm,   STEL   500   rpm;
O§m  P=L  300  ppn,   STEL   500  pan.

!§::::::§A¥ie::::3!:i#!:io:t:;:: i:=;  Osm Pal i ppb
WEEING  STAt"ENT :    E::a::ie::t5:::{Xe:::i:::: in:::ha::P::u:::feE:=!i:A:£C:3a:::::a

and/or  agplrated  into  lungs.  Can  produce  skin  lrrltation  on
Prolonged  or  repeated  contact.   Use  ag  motor  fuel  only.   Long-term
exposure  to  vapors  has  caused  cancer  ln  laboratory  anlflals.

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

APPEARAllcE  AND  ODOR:     Clear,   bright   liquid.     Characteristic  odor.

tiRALTH  mzARD   INFORMATloN

EYE

EFFECT:             High  coi`centrations  of  vapor/List  nay  caus.  ere  dl8confbrt.

FIRST  AID:       rlugh  eyes  with  plan.ty  of  vat.r.     Get  hedical  attentlan  if  irrltatlon
Per81st8 . .

PROTECTION:     Nan.  r.quired;   however,   use  of  eye  protection  ls  good. industrial  practice.

EFFECT:

.SXIN

::37::9:€r::t[:I::tod  Contact  Can  defat  th.  Skin  and  lead  to  lrr|tatioA

rlRst  AID:       Wash  cxpo8ed  8kln  vlth  Soap  and'vater.     Renov®  cantanlnated  clothing,

i:::::i::  #O::;1::€{:£O::#:gs:1.®n  and  dry  b.£ot.e  reuse.    G.t  nedlfal

--PR°TPCT[°.W    :::::gp[:i;::::A::dr:¥.::;:a::inc::::::tie  I:i:L!:Otective  Clothing  and

EFFECT :

INHALATION

Vapour  harmful.     High  vapor  concentrations   can  cause  headaches,   dl2zlne8s,
drowsineag   end  nausea.     See  Toxicology  Section.

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

PROTECTION:     Use  with   adequate  ventilation.     Avoid  breathing.  vapor   and/or  nis.„      1£
ventilation   ig   inadequate,   use  NIOSH/MSI{A  c®rtif led  respirator  Which  vlll
protec:t   against  organic  vapor/mist.



7            OL   c                :(-i   -Elv)   £ilsNBa  ¥Oav^

(Ez€-a  RI8V)   dA¥  qT   5[-i     :"n§SE¥d  ¥odv^

S4.O                   :(I   g  t{EIvfl)   1il^Yt]9  3Ijl3Bds

•%T'o  Aoi.q   '®Tq!B!t6®N     :¥gIVA  N]   2alilBnios

abuptl   'd®O€7               04  I.08                    :lNIod  9NIIIog

S=!i¥B]o¥d  ivelsRId  aNv  tvJIHFT3

•dTigpa  po}Je}B   aq  u8D   buiuJng      !lLI|I8vLS

•s}3npojd  tr`}uljpq  i.q`o  pup        .
ipExo!p  uoqj!3  ]o/pu®   ap}*ouou  uoqJ®9  aDnpoJd  UB9   bu?uJnB      :NOIIISodN03Ea  S00at{VZV}}

•g]oz}p|*o   buoI}S  j.qio  ptJe  .tiiJonT;   'eu[Jolq3  p?o^v     :SNOIL3V8H  SnotlEDNva

NOI&yw±)OENI   nl^IL3yEN

•uo[}€TTlu.^  ®}€t`b®Pe  vl?A  95n     .pasoTo  I.u?eit]oo  d®.x
•(89ut[j   u®do  pue   gHit7ds   '1o.q   '.b.a)   S99JnoB  uo11[u6T   uroJ]   Aohp   d®Ox     :SNO|lnv3"F

•J!e   u}   ejn}xTur  a^i8oTdxa
up   e`B3*3   up3   !jo   lntts   sT   *ode^   jc>   .3JTLoS   OIci;Oq   eJT]   jo   tu?uugTn6uT}x=.

•"o}   8ajzT\ix?q  I?e/Jodp^  eTq€oue[3  At.u.JIIB     :SesvzvH  NOIS07dx5  aNV  5¥]J  IvnsrINn

•6o;   Ja3€^  tto   (nzo®1§    'qzeo}    'slua6tJ   p@1eu@6oTpq   '®p?xo?p

uoq]eo   Jte3[meqD  {]p   '.b..)   gpJpzeq  g   8SgT]  JO]   P.^Ojdde   Slu®bv     :VlaEW  9NIHslnDNIIxa

do§6 p                   : REnLVIBd]GL  NOILIN9Ioiny

SC.I      :88#01     %9.£      :¥Bddn      !Si|WI|  gr]g`rlromr|j

Bog t-             : INIoarsyij

NOIIVwtloBNI   NOI§OlaxE   aNv   EtllE

•uoi}ue`}e   TB9}pau  eletp.m[T   }a9      .bu!`,1ulo^  e9npu|   ION  OP   `Pa^OTTB^S   ;I         :alv  I,S¥|j

•85unT   olu!   pa?eJTdse   ;!   Tple]   Jo  [n;uJeH     .}3r,pojd  Ai!soogi^  ^oi

NO]Lsa9NI

0 I ' cj

aEINliNOD  -  Noll`"tlo£N]   Q¥Vz\"  HLivgH

;1JEBdB

S0    EC)    Z0    gDvd
`

Z66[00ZO        :ON    SOSW
wl-33N]3-jjo   I.9w-Oj'NI   isla   osJH3   oT:pT   T6,    T3   9nco3OHr+



iul=    ::     '9114:  11    CHi5I:/    D15T     II`1Fi:I+.tl5T    I:iF-I:_CENi=C-Ill
Aiiuiu   R±:;uuLAt{   Lt;All-I.ft£L   GAsuLiN£
MSDS    NO:        02003992

PAGE   03   0F   0S

STORAGE   AND   ENVIRO"ENTAL   PROTECTION

P.11

STORAGE   RaQulREMENTS:      Star.   in   flammable   llqulds   stordgo   area.      Ko®p   Container   closed.
Store   away   frc)in  h.at,    ignltlon  sourc®5,   and  open   flame   in
accordance  with  applicabl®  federal,   State,   or  local  regulations.

SPILLS  AND   I-EARS:     Remove  or   shut  of i   all   Sourceg   of   ignition.     Use   voter  spray  to
disperge  vapors.     Incr.age  ventilation,   if  poaBlble.     Contain  on  an
ab8orbeAt  material   (..g.,   Sand,   8avdu8t,   dirt,   clay).     Keep  out  of
Severs  and  waterways.

WASTE  DISPOSAL:     Residues   end  Splll®d  material  ere  ha2ardou8   Waste  due  to   ignitablllty.
Oi]poS&l  must  be  ln  accordance  vith  &ppllc®ble  federal,   state,   or

ulations.     Enclosed-controll.d   lnclneration   18  reconm.ndedlocal  r®
unless  di rected  oth.rvie.  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   clf   sewers   and  vat.rways.      Avoid  strong   oxi6izers.
Report   apllla   to   appropriate   authorities.     USE  AS  HOTC)R  FUEL
ONLY .

TOX{COLOGICAL   INFOENATION

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

§XIN:     Primary  dermal   lrrltatlon  Score  1.I/8.0   (r8bblts)
than  5ml/kg   (rabblt8).     Practically  nonto*ic  far

INHALATION!      Acut.   LC50   20.7mg/i   (rats).

.     Acute  dernal  LD50  greater
acute  cxpoeure8  by  this  route.

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

Exce8sivc  .xpo4ure  to  vapors  may  produce  h.adacheg,   dlzzin.ss,   nausea,   drovs1-
ness,   irritation  of  eyes,   nose  and  throat  and  c.ntral  nervous  system
depregBlon.

In  a, long-ten  lnhalatlon  ltudy  of  vhole  unlead®d  ga®ollne  vapors,   c*po4uro-

!i!!i;::i!;i!:v#!ii¥;:i;;i;:ii!i;i!!:;i::i!;i:i!i;:i!:!!!;i:i!e!i;;;;:he
&1gnlf icanc®  of  the  not]se  liver  tumor  response   in  terns  of  human  health   is
quest lonabl® .

Inhalation  of  whol.  unloaded  gasoline  vapors  did  riot  produce  birth  defects   in
latorator:.  animals.

Gasoline   ls  a  complex  nlxtur.  o€  hydrocarbang  and  contains  ben20ne   (up  to  4
volult`e  S),   toluene  and  xylene.     Chronic  expo8tire  to  high   Levels  of   benzene  has
been  shown  to  cause  cancer   (leukenla)   in  h`mang  and  other   adverse  blclod  effects
(anenla).      a.nzene   is   considered  a  human  carcinogen  by   IARC,   NIP   and  OSHA.

:::;.::::::eh::a:¥i:n:nip:a::::::?  C::a:a:::eir5i:::!°:ni°L::: #::in::#::e-
were  seen   ln  chronic  studies  ot`  xylene   ln  guln®a  pigs  but   not   in  rats.

Aspiration  of   this  product   into  the  lungs   can  cause  chenlcal  pneumonia  and  can
be   i atel.     Asplratian   into   the   lur`gs   can  occur  While   vomiting   after   ingestion
of   t,his  product.
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REGUI.ATORY    I NFORMATI0N

P.12

C=RCLA   RE:PORTABLE   QUAJ{TITY!
This   product   is   exempt   from  the  CERCLA  reporting   requir.in.nts   under   40   CFR
Part   302.4.     How.v.r,    i£   Spllled   lnta  vaterg  of  the  United  States,   it  may
be   reportable  under  40   CFR  Part   153   if   lt  produces   a   Sheen.

DOT  PROpm  SHIPPING  N"E!     Gasollr`e,   Fla"bl.  Liquid,   uN1203.

osrA  HAZAro  CounNICATION  STANDARE :    #s¥£b:;  ±i8¥#.  c:::i:::t€o":::::::L€::::A:;ts

OSHA.     Cantatas  a  carcinogenlc  comport.nt.

RCRA   STATUS{

:¥i;og::d::tc::t:?£j£::a::a::ev::t::Rb::::a:6!t3!o:::€n!a:A:n£:i:oving
Substance ( a ) :

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

.§ARA   STATUS!
This  prc)duct  i!  regulat.a  under  the  folloving  a.ctlan(a)  of  SARA  Title  Ill,  42
Use  9601.   Spills  or  rel®a5®s  of  the  product  "y  b.  repartebl®  &a  a.t.rained  by
the   information  given  below!

§ECTIONs   3ii   AND   3iz   OF   sanA  AND   4o   CFR  PART   37o:
This  product   is  clef lned  ag  hazardous  by  osm  under  29  CFR  Pert  l9lo.1200(a).

SECTION   313   0F   SAEA   AND   40   crR   PART   372:

:¥::  i:O#CEF£OB::in:;:?a   following  substances,  which  are  on  the  Toxic  chenlcals

COMPONENT/GAS   NUMBER                                                                                            REIGHT   PERCEN]--------------- ~ ------------------------ 11 ---,,---------,-,, ~ ----
Benzene   (71-43-2)         .
EthylbeJ}zene   (loo-41-4)
Toluene   (108-88-3)
Cyclohexane   (Ilo-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATtJS!     All  af   tbe  co]apon®nts  of  thl£  product  ar.listed  on  the  TSca.Inventory.

S-u.PPLEMENTAL   INPORMA'l[ION

Gasoline   is  a  complex  mixture  of  hydrocarbons.     Those  riajor  components  having
occupational  .xposur.  limits  are:

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

Cyclclhexane    (GAS   ilo-82-7)    ACGIH   TLV   300   ppn;   OSIIA  PEL   300   ppm.

Ethylbenzane   (GAS   loo-41-4)   ACGlh.  TLV   loo   ppn,   STEL   125   ppm;
C)SHA   PEL   loo   ppn,    STEL   125   ppn.
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n-rJ®ptane    (Cat   142-82-5)   ACGIH  TLV   too   ppm,    5TEL   500   ppm;
Osm   PEL   400   ppm,    STEL   BOO   ppn.

n-Hexane   (Cjis   ilo-54-3)   ACG{H  TLV   50   rpm;   O§m  EEL   50   ppn.

P.ntan.   (CAS   109-66-0)   ACGIH  TLV   GOO   ppr,   gTEL   750   ppm;
OSHA  pal   600   ppn,   STEL   750   ppn.

Toluene   (GAS   108-88-3)   ACGIH  TLV   loo   Fpn,   STEL  150   ppn;
OSHA  PEL   100   ppm,   gTEL   150   Ppm.

Trim.thyl  b.n2ene   (CA8  25§51-13-7)   ACGIH  TLV  2§  ppr;   06m  PEl-25  ppn.

Xylene   (CAS   1330-20-7)   ACGIH  TI.V   100   ppn,   St£L   LEO   ppm;
OS!IA  Pal  loo  ppn,   STEL   150   ppm.

IssuE   INFom{ATION

BY:

7eG€_
A.   G.   Farmer,   Director,
Product  Safety  a  Toxicology

18SuED!      June   09,   1989
SUPERsaeES3     March  18,   1988

This  material  eafety  data  Sheet  and  the   lnforzBatioA  it  cont&1ns.  is  offered  to  you   ln

3E:8hf::t:e:: i::gu;:£. So¥:c::V:u::¥i:V:€r`:gni:£;rag:°£.E::S: `€£:t i?A!:#a€i:: ::e£:

i:i:::;i;i: €::€!:#:::§!:{:-i:i:i:i:i:t:::;g!!:::¥!i!!#::#3:£u!:{!i!ely and

:§e::::i:::i:a:::i::::#::;g!::ii:#:§e§:::;:§¥;£#:::::i§:e#il::,i:,i#:p:::;::s
or   lxpli®d.
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U.S.  OEPAFITMENT  OF LABOFl
Occupatloml €|lety and.Hodlth Admlnl.lrdtlon .-

•MAT-EFIIAL.S.AFE-T`Y...DATA.fsHEE'T•..`...._..
.

. ..SECTION. I

011fton  Oh.nlc&l  Co,-1'-
Leauat  gt 11.   60
r,e,I,|n.-..-..\ .1...`                ....- Ylrideh V&f'h,I

a"L^^
Hlxttlre

`:. ,        .       .,,  8E.cTloN  li..HAZAflDous,iNaREOIENTS  .
p^i.tTa. pRE!EAv^tlves, . eoivENT£ * |V'Unl'3' ^lloT8 MO WEt^lllc CO^TINO8 1 TIV'Un''|)

roucN,I N/A AJ, Wtt^L h,/A
C^TALT.T

N/A ^uo,S N/A
Vetdcle

N/A ri.I ALilc cO^TOus N/A\
"VtNT8

N/A
'||EA WET^|

N/Arius co^lI.io oe Cof`€ flll*
^Oot',ve4                                                                            .    `. -N/A .otHtl&.    '                                 --           .

N/A
O'k.`8......... t'/A

•
•

Lt^ZAncoue Mixruf]Ea oi otH.f` iiouio€. eoiioa, oA OASES    .     . * |Vmn'',I

'.

n.thrl.Alcohol                   I                          .                 ..                   '..`.     ..         ...      `. 38 eoop

Nonv.1bhenol  gurfuotant              C^9  #    68lyl2-gr4 001
.,I

hit)henvlmethane       C^8  #  2650il'8-2             EP^  TSC^  Iiiet-Yes Tr,
'       .I.''n

SECTION  Ill     PHYSICAL DATA
.a,l"a.a,W' rl.I                                    . i'       .,.•rliA   .      .``...`-. I,tc','coA^,''''.+I+l'`   '     '   I     '     ` •g51"   I
v^ro. in..ant I- w. I

N/A
MeeewT vOwL( N/Aroluw( '*'

'^fo. OC... , " ,A... I ,                            .        . . . ..    ' .
N/A.  `  .

(V^,OM,'ON ,^T(
N`/A-I,''

•oiu.n.iTy iN w^Ttf`
'.    ,         i         =

^nEAJLAue( Airo OOOR
i       .    .  .:    .       .

SECTION  IV     FIFE  AND  EXPLOSIC)N  HAZAflDOATA                              ,     I  '_._
.~HrowTiw.hed""        I.0.8.112  -' |^W.,A,Lt,W',8    `.     `     .                   I              |d      .                        u,,f'

I::waunmaw[OM   in  chonia||.co,  or  Alcohol  fo -
ip(ciALFI-enoH"a"focatFm:9eif-aotrfulned..'tr®athlJr.i

-:,..-i

.                  .,,        '

w_U%lt,fo.I AfB.X`.°a4Lt°reH¥`{EL  &1r  and  in&y  ti&'tel

aotlBldenbl.  dlgtanco  to  &n  lgnltlon  8o\i±a,

PAGE  (1)                                                                         (¢onllnu.d ari  lever.e.'d;)
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AVQu.irun-off  into  atorm  eeti8r8  and  dltahec  vhlch  lead  to  fi.tut.i  tr&t®]a..y.

WAJBIE  Ol€POS^l  u€tLIOO

In'con®fatlon,.blologlcal  treatment. of  dilute  aolutlor`.      I   .
''f

SEC.rlclN  vili    spEci^L pnoTEci.ioN  INFonMATloN
•l..m^to.y l.OitciroN I.`..a.fy ly®..                                                                       I

V€,,,M.A,'ON,

.w'h°€A"I:'d^b'£'oorlato  to  control  eiooloyee  eJ{p Jurtrc6^.I       .
u(C''^'''C^|,a,,,,,', 0',,I,    :     .

•noi.cliv6 aio.e. €Yj£:#='iT t]afetr  EOEJI1.aeoa=£n]LOL=ubbe]¥hav.t=
OTH.a .not`C1... too.ru.wT

FACE  (2) .Hey-1 -9-90



I  seE5PRIME/E
EXCELLENT FOB  "MINl-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emu`Sion  Produc:S  are  packaged  in  corive.lie.r
one-pound,  one-half,  one-third.  arid  one-Quar..er  pounc]  cartridges  3r`
formulated  to  provic!e  a  seismic  Pulse  eQiJa!  to  dynamite  for  clear.  sha,''
seismic records.

Al:hough  classified  as  high  explosive.  seispF`lME/E  emulsions  are  no.r
headache and have excellent resis:ance to accider,:al detctnatictn  by frictictn c
im.pact.

Spiral.wc..nd  1,'4  to  lr'2-pounc!  paper  cartric!ges  are-easily  capped  an
waxed to Sleep well.

PBOPERTIES At.``:. SPECIFICATIONS

PRODUCT                                        E-1                E-1 /2           E-1 /3           E-1/4

Weight
Slze
Style
Density (gin/cc)
Velocity  (fps)  (un¢c]r`finecl)

De:onation pressure

(kilobars)
Absolute  Bulk Strength

(Gal,'cc\
F3ei2tive  Bulk Streng{ri

(ANFOEIOO.l

One pound    1/2 PouncI
21/4x81;'211t2x8

49SW
1.18                         i.15

16.SC)0               16,000

loo                   loo

1ro  Pound   1/4  Pc]und
11/8x8            1X8

S;IN                 S;NI
1.15                     1,15

15,000          14,500
loo               loo

775               775

lc)5                  105

PACKAGING
Available  in  four sizes to  meet vertical  slacking  an

•mini-hole" applications. seis,PFtlME/E in the one-poun

size   is  packaged   in  thin-walled,  easy  couplin
cartridges  for  vertica!  stacking  or  larger  downho)
shots,

ln  the   1/2  to   i/4-poijnd  S;zee,  se;sPF}lME,'.=

packageci in spiral-wc>und ?aper cartriciges.
All sizes have exceilenT v.'ater resistance and can t

initiared with a #8 strength STATICMASTEB aetor`ato[

57]fl717CM45FER.€.`.  =ie3tri3 [ieterLaters for Seismic :xpicratioi-i
DESIGNED  FOB  SEISMIC  WOBK -  Exclusive  Atlas eiec[ric  rr,atch  provides  reliab

detcinatior`  with  minimum  lag  time and  scatter.  Full #8  strength  explosive  output to  he
insure initiation of the seismic criarge, even under severe conditions.

UNEXCELLED  PERFORMANCE  -  F{igid  statistical quality control  tests  are  perforrr,€
on  all  components  and  on  the  cortipleted  detonatcir to  assure  reliable  and  corisis:e
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsulation. prcivic!t
additional protection against snorting ot legwires under extreme conditions.

WATEB  AND  WEATHEB.PBOOF  .  Legwire  insulatic)n  is  designed  to  withs{ar
extremes of heat and cold  and the severe conditions ericountered in deep-hole  loadin
All  cletonatctrs  contain  a  dctuble-crimpeci  rubber  plug  to  provicje  a  water-tight  set
Excellent firing characteristics permit use in single-hole or multiple-hole pattern snootin{

PROPEETIES AND SPECIFICATIONS
•  Detona[or strength -£8
•  Functior\'ing t.iine scatter . Less than 0.001  second; even

lower as  firing  currer`t ls increasecl
•  Bec3mmended firing cijrrent -3 to  `i 0 amps  DC. 4 tct  10

am3s AC
•  V\Ja..Ler immersiol depth  (max. tested} -500 feet
•  3ric!Q3\`.ire  resistance  .  a.9 C)hms
•   Det`or,a{or shell  -  Gilding  metal

PIEDucED sENsmviTy
TO  EXTBANEC)US  ELECTPIICITY

;L  s;ec:a.   5ric}gewire  and  the  SF  featiJre  ir`  the  electric  match
Pro``!c}e  recucec  s€n3l`Ivity  to  Statlc  electriclty.

OPEBATING AIDS
With  recommended  firing  cui'ren!s.  STATICMAST:F3  electr

detonatc>rs meet all requirements for series (iring.
WARNING  -  Dc)  not  use  STATICMASTEF]  electric  detonators
the same circuit with other types c>r brands of electric detona[ors.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spoole

duplex  copper  lead  wires  (yellow  color)  in  lengths  of 40'.  60'`  8(
100`,120',150.,160'.   ZOO.,  250.,  300.,  ancl  400`;  and  in  short.
Iegwire  lengths  (folcled  c)uplex  wires,  yeHow)  measuring  12.,  2(
artd 24'.



iFF    11     ..3£    15:[1'3    ' .... 'Ftrl    I+I'lEIJP`SH    lil,il`lr:I

\

`'      HAZARD   OUS         CHEMICAL      MATERIAL      S   A   FETY      DATA      SHEET

ATIAs  poveER  cOREANy
15301   DAI.IAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

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

3.     rmlcAL  "ERCENcy  TELEPHONE  NunERs:

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

TEE  MATERIALs  DEscRIBm   IN  "Is  I>ATA  SHEET  ARE:

RAZARDOUS   CEEHICAL   INCREDIENIS

REVISION:      Otie

5.     Ct!"ICAL  Arm  CO"ON  HARE(s)   OF  RAZARDo8s   cE"ICAL  HIXTURE/INGREDIENTs:

ApexiAll  Grades,   RXL  614,   RXL  615.   I'ot7erAN-All  Grades,   Bulk  Emulsions-All  Grades

Majc]r  Hazardous  Ingredleacs  Include:
AmoniuQ Nltra,te
Diesel  Oil  (Ia  Some  Fozmulas)

ISCA                       GAS                            RTECS
LISTED                      NO,                                  NO.

1.                6484-52-2             BR9050000
Y            68334-30-5           h'o  Listirig

Note:     See  MSDS.for  AmoniuzB  Nitrate  Plus  fuel  Oil

6.      PHYSICAL  AND  CE"ICAL  CHARACTERISIICS:
Vapor       Flash    }!elting    Boiling     Speci£1c

Pressure    Point    Point.C    Pctinc°C G=avitv
Mol,
Wt.        Odor     Aopearance

haonlu]ii  Nitrate           0                 d              155              190              I. 725         83         None    tThice  soli£
Diesel  oil                        Qd               nd                   nd       147.371          0.87            tld     Pungetic  Broom  Liqui
Mixtu=e                                 Meg.           ad                    nd            1251.I   to.  I.3     NA          None     Wh£!e   cress

nd  =  No  Data            d  =  Dissc}ciat:es       na  a    Not  Applicable
7.      PFTSICAL  HAZARDS:

8,
``1

Amc]niua  NittatE  -DOT:     O:{1dizer
Mix.cure    DOT  Explosive,   Blasting  Agent

EEAL"  IIAZARI)S :

Carcincigen
Corrosive
Eighly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef f ec[s

9.      PR"ARY   ROUTE(S)   OF   ENTRY:               Nc>   Data

10.      PERMISSIBLE   EXPOSURE  LILMITS:         NO   Data

Diesel  oil:    Flamable

----.-=---i-  _
Ref :   Registr:`'  of  Toxic  E££ects

o£   Cbemical   Substances   (RTECS)
N  =     No  C:icerla  Match
1'  =    Poslclve  Criteria  Match

per   RT£CS
nd   I     No   Data
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|1.     LISTINCS:

rmERIAL

r  ,  _I    J

Emulsions/Ah.FO   5lerids
Page   2

NIP   ANNUAL   REPORT                   IARC                              0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARC IN OG EN

12.      CENERAI.Ly  AppLlcABLE   pRECAUTIONs   roR  SAFE  HANOI.ING  ANI]   tjsE:

EYCIENIC  PRACTICES :

AVold  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlve  !GAsuREs  DURING  REPAIR  AND  RAINTENANCE  OF  CONT,RENAT£D  EQulpREm :

Use  nan  sparking  tools,  avoid  open  £1ane,  wear  nomal  safety  equipment,
Such  as  gafety  glasses  and  hard  hat.

PROCEDtJRES   FOR  CI,EANUP   OF   SPILLS   AND   LEAKS:

Bulk  Produ¢[:     Isolate  and  contain  spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Resporise  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  mtist  be
carried  otic  in  accordance  with  all  Federal  and  State  Regulatior.s.
In  tbe  event  of  a  najor  spill,   contact  the  National  Respotise
Cet}cer   (800-424-8802)   and  the  local  Police,

13.      CONTROL  IEASURES:

ENCENEERENG:             Follow  BATE   standards   for   storage   (27   CFR   151   Subpart   3)
Except   for  Bulk  ploduccs,   see  "I)o's  and  Don'Cs  -Instruccioris  and

Wartiings"  -  found  in  every  shipping  case.
See  lastituce  of  Makers  of  Explosives  Pu.Dlicat:ions.

WORK  PRACTICES:      Follow  OSEA   Scar`dards   for.Stcirage   and  Use   {29   CFR   1910.109)
Except  for  Bulk  products,   see  "Do's  and  Don'ts  -Inst"ctions  and

Warnings"  -  fouad  in  every  sbipp±Bg  case.
See  Inscl[uce  o£  Makers  o£  Explosives  Publications.

PERSONAL  PROTECTIVE   EQUIPRENT :

Avoid  toxic  fumes  froB  blasting,  wear  normal  protective  equiptDent,   .
Such  as  Safety  glasses.  hard  hats.   e[c.

14.      ERERCEhrcY  AND   FIRST  AII>   PROcmuRES:

Do  tiot  attetxpt  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  Coy.ic  fumes  frc]n  fires.
In  case  of  skin  contact,  uash  affec:ted  area  `.ich  water.     Eye  coricact  -
flash  eyes  for  ac  least   15  ainu:es  and  coQsulc  a  Physician.

15.      DISCIAIRER: The  above  information_  taken  frctm  various  published  and  ur`published
sources  is  believed  to  be  accurate  and  ref.:esents  the  best
lnfor-Lcacicln  currently  av=ila.ble   Co  us.     Houever.   we  Bake  no  uarrarit:.'
of  the  accuracy  ot.  such  -;nformaclon,   express  or  ia]plied,   and  assuae
t\o  liability  resulclng  from  its  use.     Users  should  taake  their  oun

:E¥::ts8?:i::£a§°pgs§8::5?e  the  Suitability  of  the  lnf orm£=ion  for



SOLD
TO

a,.
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`v'an Ambi!rgh/'A;amo, Inc.
1 28cO pr~ an
1220 huh Dofee Bank Toll.e/

-

Sac.    ol   Explor.   Gee.physic
c/o   Ks.   Geologl.cal   Survey
1930   Constant   Ave.
.Lawrence,   KS      66046

lNVOICE
iNvoroE O^TE "vok3E ro. PAC'

11/18/91 40$48 1

J*.Cf.  .,  t!.I.; . :      TjRrJE.q9a,-E    .(    l`'.:.ij,TJjTAIf, !    pEEfa     I       ..   c,`t:Es]:<c...-'J3C:IJrsE SHIP VIA SHIP DATE TEf]us

4o84FT11/15/01 S30
r=..          .

Our   Tr`uck 11/15'01 Net   30   Days
'TEW ro. rrEw DEsCF`fpTloai

a:i..`~r:T`..3tlr.:isli±Ci CL'.dRTrivsIJIPPE£. ST:< 'uN!T   i                 ijtlrr pFitcE PO.IC€ 'JNIT O'SCC*)W EXTENOE9 palcE

550408000 80'    SW   STATICM STER c,rf
CUCLB•.*sALCLBCUi•,..,'.i..-.-,...;.,,:!....::.,,,,V..-...:4,i-_,.•`1:..i;-.:,i:(-:

•...,.-``..'.-`•-`.'.,...,,•:;.-:.;;i;-•".......,?...`.i•..`,-I...::<•:..::.....-`•,....`\\I.-.....,...;..-riffi_T:-JJ_

''.= ,}/.,,a,/f9

97 . 98...6.`5612.000 12.000 EACH 816.50

10812533 SEISPRIME   E   1- /8X /3
I. . ..4 . 000 .t...-.. `,,'LB.. -t±.. ..... .  .  .164 . 0 0I..

•,-.  'riAz:Ari'Ddu§ ' .inTR
9o.oo.ooo5i.:.:..-.I...:....-.,.:.....:,`. Hribl:

'. CHG •,.-'...       .`.`,=_.   .:.`•..-.-,-..,- .   3,,1,4.26.78,,...,.-.

§ooo-ool-90,..'..:

'..".        .-...   ..   i     .1.000;.`...` • ,*sAL •..   ...    .:..   3  ;  1.'4I,.

•.  . `.E.,R; C . C . -    HIGH
EXPL6 IVES

.''.      4.000 4 . 000 LB 8;6..,I.....-' 5050I,..` ....-,,,.+..,,,`.:I.:``j``'\.

900000006 i3.R.C.C.    -PET NATOR
1Z.000,',.I,,I......,'.,,•....'../i:`..`.:...., 12 . 000,.. EACHI.-

.-.` j.',;..?;     i.`i:. •;D  J3/I,`.

'`ES                                                                                    `,\
s^LEs AMcun 108 . 72

Mlso. CHARGES .00
FF`EiaRTSALESTAX .00

TOTAL ±®

PAYMENT REcrD
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