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PROTECT DESCRIPTION

Project Name:                        High Resolution seismic Reflection survey in
Association with NAWQA Vineyard Flow Path Study

Location:                                 Near Fresno, California

Site safety officer:                Richard D. Miller

Plan prepared By:                 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
geologic features 5 to 10 ft thick in the Kings RIver Valley alluvium near Fresno,
California.  This survey is designed to provide continuous subsurface coverage along
the interpreted groundwater flow path as defined by five well clusters.  The ground-
water flow path generally trends SE to NW in this area with most alluvial features
affecting groundwater movement located between 50 and 250 ft.  Agricultural activities
(i.e., grape vineyards) may require several semi-parallel lines with at least one tie line to
effectively traverse the transect defined by the five well locations.  The objective of this
survey is to detect and map the orientation and geometry of sedimentary features (i.e.,
clay, sands, gravels, and silts) below the 50 ft water table.  This survey, in conjunction
with borehole geophysics and groundwater geochemistry, should uniquely characterize
many hydrologic properties and therefore improve the flow model at this site.

The proposed production portion of the survey will consist of four lines totalling
about 2 miles.  The lines will effectively span the 1.5 miles defined by the 5 well clusters.
The primary goal is to accurately map any clay layers/lenses that are either discon-
tinuous 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 techniques similar to
conventional petroleum exploration data acquisition.  The geophone spacing, analog
filtering, seismic source, geophone type, spread geometry, sampling interval, total
samples, shots/point, and acquisition philosophy will be based on extensive pre~
production tests.

USGS / Fresno, CA Page  1 June  1994



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 five and ten 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 384 ft.  To avoid spatial aliasing of noise, the
receiver interval will be 4 ft.  The downhole 30.06 firing rod (Miller et al.,1989) and the
12-and 8-gauge auger gun (Healey et al.,1991) (both require only class C explosives
and will therefore not need permitting) as well as the sledge hammer weight drop
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source can be tested to determine the optimum source for the near-surface conditions.
The auger gun will most likely prevail at this site.  The downhole placement of sources
greatly reduces the amount of recorded ground roll and other seismic noise and all but
eliminates the higher frequency air-coupled wave prominent on weight drop
seismograms.

The receivers available for testing will include both single Mark Products L-40A
100 Hz geophones and triple 40 Hz Mark Product L-28E geophones wired in series.  The
40 Hz geophones will be tested first, and from previous experience will probably pro-
duce the best response.  The need for a strong signal from the geophones is paramount
and from previous experience, lower quality geophones will not produce the desired
high output within the desired frequency band.  Analog low-cut filter tests will include:
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
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analog field files recorded during the walkaway tests and of uphole information.  The
source and receiver selection will be a qualitative choice dependent on frequency,
quantity of ground roll relative to body waves, and physical site and near-surface
constraints.

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

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

The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 24-fold CDP stack.  The geophone station interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 8 ft, which will result in a 4 ft horizontal
subsurface sample interval.  The data will probably be acquired using a split-spread
source/receiver geometry to enhance dip control and increase the redundancy of close
offset traces.  The source-to-nearest receiver will probably be on the order of 8 to 12 ft
with a maximum source-to-receiver offset of approximately 200 ft.  Modification to the
source/receiver geometries and offsets may be necessary after analysis of the data
acquired during the testing phase.
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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,
the 12-gauge auger gun will be the preferred seismic source for the production lines.
However, the 8-gauge auger gun, 20 1b sledge hammer, and 30.06 downhole firing rod
will be available if conditions require their use.  The triple L-28E 40 Hz geophones with
variable damping capability will be the preferred choice for the receivers on the pro-
duction line.  If the 40 Hz geophones prove incapable of producing acceptable signal-to-
noise and clean high frequency signal, the single L-40A 100 Hz Mark Products geo-
phones connected in series will be available.

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

The principal CDP lines will be processed with commercial processing software
into a CDP stacked format at KGS's Lawrence, Kansas facility.  The basic architecture
and sequence of steps to be followed during the generation of the final stacked sections
will be similar to conventional petroleum exploration processing flows with exceptions
relating to the step-by-step QC necessary for the generation of a finished stacked section
allowing confident interpretation of shallow features (Miller et al., 1986; Miller et al.,
1989; Miller et al., 1990; Miller and Steeples, 1991; Miller et al., 1992).  The main
distinctions relate to the emphasis placed on velocity analysis (Miller, 1992), lack of
extensive wavelet processing, care and precision placed on muting, step-by-step
analysis of effects of each operation on reflected energy, limiting statics operations to
maximum shifts no greater than 1/4 wavelength of the dominant reflection energy, and
coincident iterative velocity and statics analysis.

Each analysis step in the processing flow will be available to USGS for critique.
Any addition 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 for data will be delivered to WES on 11" fan fold 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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Special emphasis will be placed on all the analysis portions of the processing
flow.  It has been proved necessary and most effective to do velocity, spectral, and on
certain occasions deconvolution on every CDP (Steeples and Miller,1990).  Many times
variability in near-surface materials and/or conditions require changes in processing
parameter over distances of less than 50 ft (Steeples et al.,1990).  To insure the highest
quality, geologically representative stacked section, velocity analysis of every CDP is
necessary.  In association with point-by-point analysis, care must be taken to ensure that
all coherent events on stacked sections interpreted as reflections are reflections.  Biasing
processing parameters to enhance events interpreted as reflections that are actually
coherent noise must be avoided at all cost.  Differentiating reflections from direct wave,
refractions, air wave, and ground roll in the early portion of a stacked section is an
extremely difficult task and must not be taken lightly (Steeples and Miller,1990).

REFERENCES

Healey, I., I. Anderson, R. D. Miller, D. Keiswetter, D.W. Steeples, and 8. Bennett, 1991, Improved shallow
seismic-reflection source:  building a better Buffalo [Exp. Abs.]:  Soc. Explor. Geophys. v.1, p. 588-591.

Knapp, R.W., and D.W. Steeples, 1986, High-resolution common depth point seismic reflection pro filing:
field acquisition parameter design:  Geop7zys!.cs, 51, 283-294.

Mayne, W.H., 1962, Horizontal data stacking techniques:  Supplement to Gcopkys!.cs, 27, 927-938.
Miller, R.D., 1992, NMO stretch mute applied to shallow reflection data:  Gcop7!ys!.cs, 57, 1502-1507.
Miller, R.D., S.E. Pullan, D.W. Steeples, and J.A. Hunter, 1992, Field comparison of shallow seismic

sources near Chino, California:   Geopfeysz.cs, 57, 693-709.
Miller, R.D., V. G. Saenz, and R. H. Huggins, 1992, Feasibility of CDP seismic reflection to image struc-

tures in a 220-in deep, 3-in thick coal seam near Palau, Coahuila, Mexico:  Gcopfeys!.cs, 57, 1373-1380.
Miller, R.D., and D.W. Steeples, 1991, Detecting voids in a 0.6-in coal seam, 7 in deep, using seismic

reflection:   GeocxpJor¢£!.o7!, Elsevier Science Publishers B.V., Amsterdam, The Netherlands, 28,109-119.
Miller, R.D., D.W. Steeples, R. Hill, and 8. Gaddis, 1990, Identifying intra-alluvial and bedrock structures

shallower than 30 meters using seismic-reflection techniques:  Soc. Explor. Geophys., hvestigations in
Geophysics no. 5, volume on Environmental Geophysics, S. Ward, ed., 89-97.

Miller, R.D., D.W. Steeples, and M. Brannan, 1989, Mapping a bedrock surface under dry alluvium with
shallow seismic reflections:  Geop/tysz.cs, 54, 1528-1534.

Miller, R.D., S.E. Pullan, J.S. Waldner, and F.P. Haeni, 1986, Field comparison of shallow seismic sources:
Geopfeys!.cs, 51, 2067-2092.

Steeples, D.W., 1990, Early spectral shaping boosts data quality:  Oi.J 417tcz Gfls /oitr7tc!Z, 88(38), 49-55.
Steeples, D.W., R.D. Miller, and R.A. Black, 1990, Static corrections from shallow-reflection surveys:

Geophysics, 55, 769-775.
Steeples, D.W., and R.D. Miller, 1990, Seismic-reflection methods applied to engineering, environmental,

and groundwater problems:  Soc. Explor. Geophys.  Investigations in Geophysics no. 5, volume on
Environmental Geophysics, S. Ward, ed.,1-30.

Widess, M.B.,1973, How thin is a thin bed:  Gcop/tysi.cs, 38,1176-1180.

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
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requirements as set forth by the U.S. Geological Survey, Sacramento, 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.         Heat stroke and exhaustion are a possibility.  Crew members will be monitored
to ensure a safe working environment.

3.         The seismic crew will operate with an established written protocol for initiating
seismic sources.  The safety plan will be approved by the USGS Delegated Represen-
tative prior to initiation of field operations.

IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.         Rick Miller a(GSLsite safety officer

2.         Jack zedaker (KGS)coperations

3.         Karen Burow -U.S. Geological survey Representative/Site consultant

4.         ]ianghai xia (KGS)-Line chief
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Safetv Meeting at Survev Site Date:

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

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

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

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

E      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 /PRINn                              ComDanv Sianature

Site Safety Officer
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Specific Safetv Recluirements

P.er.S.a.nnel£afety.Equipment:  AIl personnel win be equipped with hard hats, safety
shoes, hearing protection, and eye protection while working in the field during the
seismic data acquisition phase of this project.

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

Fire /Exr>losion 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 rurming 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 ParticiDation:  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.  Emergeney call numbers and evaouation routes are posted on the Recording
Cube wall.

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

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

10.       NO KGS staff Derson 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 yourjob,
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 Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Ccordinator:

Project Manager:

Phone

Phone

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

HOspital:
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Procedures

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

•      Transportation:  The ammunition vehicle will carry proper DOT labels and will be
operated by RIck Miller on or near site.  The vehicle will contain a fire extinguisher
a.nd 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
procedures.

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

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

8.         Work Item:  Seismic Gun safety Rules

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

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

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

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

C.        Work Item:  Traffic control

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

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

VII.     SAFETYANALYSIS

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 (Y-12 0RNL, Oak Ridge, TN; WAG-10, ORNL, Oak Ridge, TN;
Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test Site, Las Vegas, NV; Fort
Ord, CA; 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 tl9oth 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, Fz.rca7.7'l'!s Sfl/efty.
DOE Report DOE /EV/06194-3, DOE £xpJos{.I;es S¢/efty M¢7t#flJ.
ID Appendix 0550, Sfa7idercz Opcr¢f±.o7t¢J S¢¢ty Reqwi'rc77!e7its, Part IH, Subpart I, "Explosives"

From the United States Department of Defense:
DOD 6055.9-SrTD, Ammunition and High Explosive Safety Standards
A;:R-385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat

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

Name /PRINT) ComDanv                                Si gnature
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TRAINING OUTLINE FOR USE OF SEISMIC GUNS
"GOOD GUN SENSE"

I         Handling (always assume loaded and ready to fire)

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

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

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

8.        Cleaning

1.           Dafly:

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

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

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

least 3 times a day.

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

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



C.        Firing

1.         Assumptions

NONE

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



Marcr.    24,    1987

MANDATORY    SAFETY    RULES     FOR    USE    0F    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   seismic   gun   is   powerful   and   must   be   securely   posi[ioned  when
fired.     Danger  exists   not   only  with   the   hillet   projectile,   bit  also  with   the
recoil  of  a   loose   gun.     Be   sure   that  all  m6untlng   bolts   are   tight.     Never
strike   the  gun  or   tx)1t  with  a  tnetal  object.     If   the  gun   is   jamming  or   stick-
ing,   clean   lE   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion  of   dirt   and   sand   to   the   parts.

Operational  Saf ety  Rules

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

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

3.      ALWAYS   utilock   the   bolt   when  moving   the   gun   (disarin   it).

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

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

6.      ALWAYS   double   check   safety   procedures.

7.      Use   comon   gun   sense.

I)owhole  Mode

Be   sure   all   mounting   belts   are   Ci8ht.      Do   not   .force   C'[`e   gun   down   arL
augered   hole.     Re-auger   the   1`ole,   if   necessary.      Be   siire   t'{iaE   the   base   plate
rests   on   the   ground.     Ha`-e   two   people   stand   on   the   plate   w.nen   firing   (flex
tr`nees   to   absorb   the   shoctr`).

I.£    the   hole   t`as   rt7atp.r   ln   iE,    seal   the   muzzle   of    the   gun   w.i.Ch    [aite   or   a
balloon   to   keep   water   fr®n   seeping   into   tl`e   barrel.      Avoid   [hi.s   situ..i[ion,    i[-
possible.     Water   in   the   barrel   may   seriously   damage   the   giin  when   fired.
Injur.,'  is   possible.

Surface  Mode

Be   sure   all  mounting   bolts   are   tight.     Carefully   procec[   the   breech,
trigger,    and    bolt   when   moving   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN.
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OPEPATIONISAFEIY BULES AND BEGULATIONS
FOF] ThE

AUGEF3  GUN

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

operation    and    Safetv    Reaulations

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.



IInpro`.ed Shallow Seismic-Reflection Source: Building a Better Buffalo

John  Healey,  Joe Anderson,  Richard Miller,  DecirL Keisu)etter,  Don Steeples.
and   Brett BenrLett,  Karrsos Geological Survey

SUM}IARY

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

The  most  commonly  used  seismic
sources  on  shallow  engineering  surveys  have  fallen
under two main categories:   explosives  or weight
drops.   The  explosive category includes both high
explosives  and  'guns'.   Weight-drop  sources  include
everything from mechanically assisted  vertical  mass
impacts  (usually >20  kg mass)  to  human-assisted
vertical  mass  impacts  (sledge  hammers,  malls,  and
thors).   Recerit advances in high-frequency
engineering sources  have  come  predominantly  under
the  `gun'  classification.   Development  of a  downhole
shotgun  capable  of generating a  consistently high
frequency  source  wavelet  with  only minimal  increase
in  expense  and  effort o`'er hammers,  spurred  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  a.nd  MacAula}r,  1987).

DESIGN AND TECHNIQUE

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

The  auger gun  consists  of three  rna.in
parts:    power  source  (skid-steer loader),  auger/screw,
and modified buffalo  gun (Figr, re  1).   The power
source for testing described  here is  a  25  hp, 4-wheel
drive,  1.2  in  wide,  h.vdraulic  loader.   The  auger/screw
is  a  modified  hydraulic  auger  t,hat  rei`eives  its
hydraulic dri`.e power from the loader.   The buffalo
gun used for these tests \vas elongated to slightly o`.er
2 in in length, is designed for bottom loading (as
opposed  to  the  standard screw-on  head`),  solenoid
firing,  time  break from a downhole  sensor.   The
firing pin has  an  act,omatic  (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 t,hree-
step  process:   (1)  screwing the  auger flight  into  the
ground, (2)  loading and  firing  the  gun,  and (3)
unscrewing the  auger  flight  from  the  g!.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 into  the ground  using a
gactng device  designed  to  ensure  the  night is  screwed
into the ground at a fixed rate and no  material is
remo`.ed from the  hole.   Screwing the  auger flight
into  the ground accomplishes  both exceptional  blast
contairirr.ent  and  minimal  residual  borehoie.   After
the  auger flight is  securely screwed  int.o  the  ground
80+  cm,  the  modiried  buffalo  gun  is  loaded  ( by  sliding
the  gun  o`.er a  shotgun  shell/,1o\`.ei.lid  do\`.n  the
center of the  h:,.draulic  drive  head,  through  the
hollow  stem  auger  rtigl`ting,  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 the buffalo gun to improve  source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the riring pin or
with  an electric  solinoid.

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

The auger gun incorporates several  key
characteristics  designed aLnd previously shown to
enhance  high-frequency  seismic  signal  at  t,he
expense  of air.coupled  wave  and ground  roll  while
maxinizing 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 witb the gun placement and
detonation.   The massive nature of the design and
improved  shell-loading procedure  minimizes  risk  to
the operator.  Mobility is only restricted by the 1.2 in
wide, 4-wheel-drive loader.   Environmental impact is
minimal with remnants of the operation restricted to
a  nominal 4  cm corkscrew hole approximately 80  cm
deep.

RESULTS

Data acquired for this test `vere recorded
on an Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
L/2 ms and record length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The  source-to-closest-receiver was 20  in with a
geophone station inter`'al 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 a.mplitude of the data is noticeably
riigher with tile auger gun with very litcle difrererLce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.   A  150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does  a good job of removing the ringy refraction
arrival clearly dominating the upper  120  ms  of. the
un filtered files.   Some  subtle indications of 50  Hz

ground  roll  are  still  present on  [illi`i.cd  rilcs.   'rhe
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  en`.ii.onment
make considerable  difference in the  amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and  the bottom of the screw hole  reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the  hollow
stem auger flight just prior to loading the shell tight
against the base  of the  screw hole increased  recorded
reflection  energy  b.v over 50  pi`i.i`i>nt.   Sigi`irii'anl
variability in frequency and amplitude of the recorded
energy  resulted  from  slight  changi`s  in  the  do`\.nhole
environment.   These  subtle  changes  and  their
resulting effect on  the  seismic data ai.e 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 \`.hen compared to  the
traditional buffalo cgun.   The  auger gun is  a
modification  of the  original  buffalo gun  design
(Pullan and MacAulay,  1987), and at some sites will
represent  an improvement.   As  with all  seismic
equipment  and  techniques,  site  chat.acteristics
dictate relative effectiveness,   One characteristic of
the auger gim that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000  grains of black powder.   Pi.eliminary
testing indicates  that at son`e silos it rna,v be possible
to acquire over 500 shotpoints a da.v ``.hen scat,ion
spacings  are  5  in or  less.
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2     Auger  gun  field  file  (`left)  compared  to  the
augereabove-n,butis1987). buffalo  trun  (right).
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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.



l}ovnl`oll.   .50-caliber   ltlf le-an   Advance   ln

llLi;lI-rl.8oL`ilLo.I    S|.LBILc    Sourcl.a

()on    W.     Scceplcs.     Rlcl`at.d    D.     Hlller.     K,ilijh    W.     Ki`app.

K.lI`t:.is    Cet]lo}!Lc.il    Survey.

SuunR¥

In   ;`   dtrecc   col.parlson,    the   dounhole    .50-caliber
sel5rulc   8oiirce   produced   raore   selsnlc   energy,   a
broader   body-wave   €requer`cy   speccrua,    an   anplltude
drop   ln   the   air-coupled   tJave.   and   a   hlghe[   do.1nanc
i requency   o[   the   recorded   body-Wave   energy   than   the
sller`ced   Surface    .50-caliber   8ource.      The   recorded
8elsflilc   energy   o[    C``e   downhole    rlf le   Showed   art
Lncreaoed   anplL[ude   of   6   Co   L2   dB   over   thac
recorded   by   Cl`e   811enced   Surface   rlf le.      The   donil-
nal`c    f requel`cy   of   El`e   recorded   ref lecclon   erier8y
ttag   con9lscei`Cly   20   Co   40   Hz   higher   than   the   8ur-
face   rLf le.     The   air-coupled   vave   aaplLcude   Was
deccee®ed   over   12   dB   by   8ub.ut face   i lrlng   of   the
rlf le.     The   f requet`cy   8pec[r`a  of   the   body-vave
pulse  va®   broadened  by   .lBoe[   .  half   octave  on   the
hl8h   cnd.     The  8afety   of   oper.cloa   of   [l`e   eource   le
f`oC   conptoalBed.     Refleccote   vlch  .  donlaanc   fre-
quet`cy   ln  exceea   of   180  Hz   can   be   eaelly   ldenclfled
oa   field   f llee   .C   depch®   o£   1.8e   theo  30  a  uelng
the   dot+i`hole   .50-caliber   rl€1e.     Ideaclflc.[1oa  of
loo-llz   re€leccor®   £roa   I,loo   .1s   po881ble   on   £1eld
I lle8   of   nulclple   verclcally   8Eacked   domhole   .50-
callbec   8hoc8.     The   Source   will   operate   ln  an
ef I lclenc   mnnet   collecc1[\g   COP   data,   coamon-of fsec
data,   or   8i)oc-correlation  data.

1NTRODUCTION

Ii`cru{`#tn|}   ciwtroimi!r`Cf`1,`nd   englnecrln8   Artpll-
cillloim   u[    .c[leccloi`   ®eloaiologj/   l`ove   8i]urred
re8e,1rcli   .il`d   develoi)mel`t   o€   8hallov   hlah-fefio`uclon
rt!rLccCLoi`   tt!cl`nlquc8    til`d   equl.I+.enc.       Rcsolucltji`    ou
[lia   order   oC   a  fl]ecer   18   necessary   Co   dccec[   ulcra-
®l`allo.   Cargecg   ul`lcl`   are   generally   cl`e   goal   of
•og[   e.`vlroiitAencAl   `ii`d   engtneerLng   BCudte8.      This
li`ccedBcd   re9olu[1on   can   bc   obtalrLed   by   boog[Lng
Clic    [rl.i|`i¢``cy   of    tl`c   source    pulse   vhlc)I.     If`   Curr`.
Increase9   the   doflllr`anc    i requel`cy   o£    the   recorded
selsr-lc-re€lectlon   energy.      Cenera[1ng   the   I`18h-
f reque.`cy   selsr8Lc   source   pulse   necessary    for
ShaLlov   appLlcaclons   has   been   accoapllshed    Ln   a
a.ulclcude   o€   dlf ferenc   ways    ln   the   past    (Hl.ller   ec
al.I     1986).

Recent    selsrliLc   Source   advances   ac    the   K.an8,1s
Ceologlcal   Survey   (KCS)   have   aalnly   revolved   arour`d
surf dce   projecclle-type   Sources   (steeples   and
Knapp.    1982;    Hlller   and   Steeples,    1986:    Seeber   arid
Steeples,1986).      A   .50-caliber   rl[1e,   uhlch   was
designed   ar`d   bullc   to   Safely    £1re   a   750-gt.aln   bul-
let   verctcally   loco   Cl`e   ground,    has   n}ore   recently
beei`   adaitted   Co   operate   pat.[1ally   underground   ulch
onl.y   [I`e   flrlrig   apparatus   above   ground.      Thl8   al-
lows   8afe   operaclong,   a   hlgl`er-£[equency   source
pulse,    ar`d   an   lnct.eased   91gnal-co-r`olse   raclo.

p£..?.I.t:.N..A.N.I!.:I.I..:€Ll.N.I.Q9.r..

TIN    ):{!iicr,il    dcsL8I`    centers    Aroul`d    oi)tlrat7.Ir`i.,    [}ic

c`ii`vur*Lui`    tiL`    i!i`i.rgy    iiroduci.a     lty    .1     .5u-c.illli.r
r`f  l`?    hiill`!C     Inca    *clsmlc    (acrJusCLc)     w.1`/es.        Tl`c

niajorlEy   of    the   energy   produced   b,J   a    .50-callber
t.ound   goes    lnco   accelera[1na    El`e   projec[lle   {1nd
lnco   exhau6C   gases.      Prevlou6ly,   vl[l`   above-ground
Sources,    we   have   silenced   and   dispersed    the   exl`ausc
gaaeg   ln   hopes   of   ellalnaclng   or   ac   lease   greatly
reducln8   the   ef i ecc6   of   the   air-coupl.ed   vave   on
9elgolc   data.      The   dovohole    .SO-calLber   rifle
nearly   91mul[aneously   exclces    the   earth   wlcl`   €i
proJeccLle   and   vl[h   exhau8C   gases   vhlle   concalr`lri8
nioe[   oC    the   air-coupled   vave,    resul[1n8    lr`
1ncrea8ed    [requet`cy   and   sl8nal-[o-nolge   [a[lo   oi`
9el8®lc    record   secclons.

The   downhole   .50-caliber   selsnlc   source   con81sCs
of   a   .50-caliber   rl£le   bolted   [o   a   0.6-CZB-chick
®teel   place.      The   rl€1e   lc8elf   ls   a   8Candard   .50-
callber   breech   and   bole,   bullc   by  Texas   Gun   and
Hachlne   Cotz]paAy,   .cc&ched   Co   a   8Candard    .SO-calLbe[
tBachlne-gun   barrel.     Xachlned   grooves   lA   the   barrel
are   u8ed   Ln   conjuAcCLoa  vl[h   a   pres8iire   clalop   to
•tcach   the   rl£1e   Co   a   30-cm   by   90-cn   8Ceel   place.
The   [Lfle   barrel   ls   lovered   I.nco   A   60-   [o   80-cn-
deep   borehole   4   ca   ln  dla.|ecer   ur`:tl   the   place   ls
flush  ul[h   the   ground   su[£ace.     This   steel   place
acts   a6   a   ground   seal   and   a   placforra   Co   scarid   or`
while   £1rlng   the  gun.      The   welghc   o€   the   shooter   on
the   place   and    the   anus    [lc   of    the   barrel   Co   Cl`e
borehole   vall6   help   Seal   CI`e   gun   [o   tl`e   ground.
The   rl£le   caa   be   equipped   tJlth   a   source   8ensot   or
clef;ur€    AWL[ch    t®   I;|.I`cr.i[i`    ...    lLioc    hrl...ik.        I(rLiii;
can    be   do``e    el[l`i.c   all.clrlc;`lLy    b}'    s.}l¢.`oLJ    ur
r8.1^`i^Lly     L)y     pu``(n)..     tli.`     rrii.,i...!r.         Tl``.     il.)viili`)Lc.     .5U-

callbc[   v€lg!is   4boul    .I()   '<L;   ;IiiJ    1*    |'..islly    I..o-I)c!rsult

por[abLc.

r`t{Et)Ur:NC¥    ^Hii    ,I-I.I.

1.l`c    dovt`l`ol.e     .`0    a;iLlb.;r     lil.u`J`i.:|.i     l.ruiii     A     I.o     12    {11!

g[ea[er   recordable   selselc   eL`ergy   a:   equlvalenc
offsecs    cl`an    [l`e   silenci.i    surfacl.    .50   ciilLber    {fls.
I).      The   lr`crea6ed    recor€ed   er`er6;..   boosts    the
slgr`al-[o-riolse   enough   co   s`ibscdn:ially   clean   u|i
the   record   secclon.      The   source-co-closest    geopl`one
of fseE    in   fig.    lls   43   a.       Besides   :!`ls    noElceable
increase   ir`   recorded   seisilc   ener3:..,   a   cor.sis:ei`C
20-4011z    hoos[    1n    tlic   do=Lnai\[    i re`:`iei`c.y    of    tl`|`
source   w,ivele[    i9    cl`,.irdccerlsc[c.

In   previous   shallou-soijrce   co.lps:ison8   (r.iller   ec
al..1986),    the   surface    .50-callbe:   perforled   com-
parably   co   }l`„|1-?rieacorJ   ar`d   ,1   I.j-gauge   3uf falo
giin   ln   total   ener&:..   anJ    i req`I|`ticy   s?eccru=.      Tl`e
r`oced    increase    I.1    f retiuer.cy   .1iid    |.r`¢r5}.   uould    in,`ke
the   do.nhole    .30-cal[bt!r   rlf le   co..p`irable   co   [!`e   3-
gaiige   Bu££alo   gun   which   .as   ,1n]oiig   :he   bes:    soilrces
cesced    for    ref le::ion   ei..er3y    ve=s.js    3rou``5    roll,
local   energy,    ar`J    £[eq.ier`cy   r.ui`cei`:.

S,\1.'1.;'1`Y

S`.,,|.ly     til,u,,1J     :,1`     ,,,       1:,'.     I,l,,,','tl     `.I,.,`.I.,.,,      i  ,,,,,,,,

..... _           I        oi.i!r.`C[on     Li`v..lL..`.:     `.,.i`.lil:    !t.iiii.`..I.`.        1.lu..     rU.l`.     ls
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I)I)ui`li`)l`I     .50-CAllhor     RLf  lc

ino`ii`lctl    ol`    n    0.6-cm-Cl`lck    flcecl     r}lA[i`     Co    iiri)C|'r.I

tl`e    oi)|`r,icor    from    frA8n)el`C3    And    I:a    help    hold    Cl`e

I:`i.i     iil.`.``.rl.ly     Lii     pl.`ct!.         .ill`cL:      llic     proj`.cCLlc      lii
f lrt:tJ    ft.oa   a   bolt    find    brel.cl`.    orlglnally   dealgne(I
1s    a    `q[,lad.`rcl    f lrearm,     Cl`e    utmost     lr`    8nft:Cy    l`as
.i`rl...nly    li|.|.n   {I{!rilgl`etl     Inca    [l`c    nc[u^l    f lrlnr,
iu`£cl`i`Iil8i®.        .i.Iic     bolt    fiiid     I)rct!cl`     intll`ufAcluccf

deslgr`ed   the   apparacu8    r`oc    to    frago€nc   even   lf    [l`e
barrel   va8   conipl.e[ely   ob3crucced.      Tt`e   barrel   1g    ln
rlc/`i`{liirtl    uoc    by    Clic    1/.     S.    nlll[^ry    oi`    .50-ct`L(her
nacl`ll`e   8ullo.      Tl`e   extra    Chlckr`e8a   o€   a   aachlne-gur`
barrel   8erveq   to   dls81pace   heat   and,    e8peclally   ln
our   case,    procec[®   £rof®   tilot+out    lf    fat.elgrl   tDacer-
1al   get8   lI`Co   the   barrel.      Thlo   makeg   conclnuou8
operaclone   8afe   at`d   coneletenc.

C^S£    STOL)Y

Slleneed   Cut.face   .50-caliber   vs   Do`Jnhole    .50-

Tl`e   dl[t:c[   con]parloon   of    [l`e   Surface   n``d   Cl`c
do.r`hole   .50-callbet.   rl£le8   tJa®   pet.formed   near
WLnccr   Pa.k,   Colorado,    ln   an   a[Ceoip[   to   dececc    Clie
Hoffac   r&11ro4d   tunnel,   85   A   beloi7   the   ®u[f4ce.
Tt`e   recelver8  vere  8lngle   loo-H2   geophoneo  vlch   a
I.2-ia   ®tacLon   lrlcerval.      The   eources   vere   43   a   frob
the   cloae8C   receiver   ®C&[1orL.      "e   re8ultlt`g
recorded   !1eld   f lle®   ploc[ed.   u81ng   true   a®plltude,
clearly   Bl`ov   the   Increased   aa)pllcude   And   the
lncrea®ed   81grial-Eo-nol8e   I.aclo   o€   the   dotmhole
rifle   aa   compared   Co   the   Surface   Source   (fl8.    1).
A   glaring   dlf f erence   18   the   absence   of   air-coupled
ttave   on   the   field   f lie   u81ng   the  doimhole   rl£1e.
The   f requency  dLf ference   18   obvious   on   the   anpll-
Cude   8pec[ra   (fig.I).

Do.nl`ole   .50-caliber   Field   Flle8   ar`d   S

The   downl`ole   .50-caliber   Elf le   can   produce   a
8ource   pulse  vlth   a   dodilnan[   reflecclon   frequency
lr`   excea8   of   180   H2   (fig.   2)   tthen   used   wlch   at`alo8
lo.-cue   i ll[era   [haE   have   a   -J   dB   polnc   o£   220   Hz
.ii`.I    a   24   du/octave    rollof f .      CleAn   .1iilfl]utB-phase
ref leccloi`  wavelet:8,    easily   ln   excess   of   ls0   llz,
can   bl`   ldel`clf led   down   co   270   aaec   dlt.eccly   off    the
fleld   £11e   (fig.   3).      The   8peccrun   of   the   refleccor
ac   85   nlsec   ls   almost   3   oc[aveg   across   wlcl`   corner
frequencies   of   40   and   290   H2    (fig.    3).

The   downl`ol.e    .50-caliber    rl£1e   has   not   only   been
pf ovcl`   Co   bc   a   ugeful   8hallou   hlgl`-resol.uEloi`
ref lecclon-selsr81c   Source,   1t   also   possesses   the
capablll[y   Co   penecrace   a8   rauch   aa    i.loo   in   of   8edl-
mencary   ver`eer   ovet'laln   by   15   to   30   a   of   vea[hered
alluvlun   (fig.   4).      Tl`e   re£1ecclon   ac   720   ni8ec   on
the   f leld   f lle   19   Arbuckle   doloEB1[e   aE   a   depth   of
I,loo  a   ln   cei`[ral   Kansas.      Thlo   eight-8hoc   8Eack
was    recorded   wlch   30-tlz   lott-cue   f llEer8   ar`d   ten   40-
Hz   8eophones.      The   dolalnanc    frequency   of   the
re£1ecclon   energy   ls   about   loo   Hz.
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Downhole   50-caliber   Bifle
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Surface   50-caliber   Bif le   -vs-Downhole   50-caliber   Bjfle
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-firs--s~ingle  shot  ccmparison  plotted  true  amplitude  with  ide.-.tical  recording
parameters  clearly  shows  the  increased  signal-to-noise  and  the  inproved  frec=`:



FIG.  3.

85  msec  Peflector  Wavelet

Amplitude  Spectrum
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-The  al[\plitude  spectrum  ctf  the  ref lection ulse  at  85  msec   is   almost  3   Octave:
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Jlin . MAI tKIAL~LILL   SAFETY DATA
OCEAN®   Network
EMERGENCY  PHONE  1 -BOO-OLIN-911

SECTION   I.  lDENTIFICATION
CHEWIC^l N^N€ . SYNONYMSIndustrialAmmunition  8  Gauge         (Snail   Ams   Ammunition)

CHEMIC^L F^HIIY F0flWuu TR^OE  H^ME

Not  applicable Mixture Not applicable
Oescf`IprrloH C^S "a.

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES

Pf`EC^uTioHs To BE T^KEH  " H^HouHC ^NO STon^GE
Store  in  a  ccol,  wen-ventilated  place  away  from  all sources  of  ignition.    If  damaged,  do
not get dust in eyes,  on  skin  or  on  clothing.   Do  not  take  internally.   Avoid  breathing  dust
or  fumes.    Upon  contact  with  skin  or  eyes  wash  off  with  water. Avoid  breathing  fumes
during discharge.

PFIOTECTIVE  EOutpwENT VEHTluTION  flEOulflEWIEHT9

Ey..                 Safety glasses or goggles Local mechanical exhaust
cloy..               None necessary ventilation recommended during
cxh®.                 Hearing protection  recom mended confined space discharge.

during discharge

sEerioN  IIi -HAZARDOus  iNGREDIENTs

BASIC  M^TEfll^L                                                          °±HL^                      lo so                    LC SO                        SICHIFIC^NT EFFECTS

Lead 50 No Data No  Data Eye irritation, fatigue
ug/m3 disturbance of sleep

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA

SECTION  V--HEALTH  HAZARD  DATA                                               `    ....``    .



S€CTION  vl  -TOXICOLOGY  (Product)            (S1,lal..L    A.Ir:s    Ar:.T[.Luiiti..|

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

^CTION  Fof` N^TEftl^l REu^SE OR SpllL
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Follow
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 an contaminated  clothing before reuse.

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

TRANSpof]TATION  EMEf}GENCY,  CONTACT CHEMTf]EC 80Ow24.93cO
WASTE  OISPOS^L WETtloo

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

SECTION  VIIl  -SHIPPING  DATA

a.a.T.cuss                                              Class c Explosive        ORE-D

SECTION  X .  PHYSICAL  DATA

I::,i:'NNGC='NNTT            #-                       IispEclFiccf`^Vm(H,o.1)N/AIv^POF`  PflESSuRE                    N/A VouTllES                                    N /A
sclu.g!iiTy I.ri w^T€R           N /A EV^POR^1 loM RATE            .-`  |{.±.L _V^PonoENsltt(^lr.1)N/A

pH                                                 N/A

iNFOBMATION  Fuf`NISHEO  BY:                   C.  C.  Nconan
(203)  789-IA36

1475

DATE          Novemberl6,1985

D®partm®nt ol  Envlronm.ntll  Hygl®n.  and Tox'.
(2o3)  78r.

rH-1in C o f] PO BATI O N
120   Lor`g  F]idge  F]oad.  Stamlord,  Connecticut  06S

OCEAN®   Network
EMEf]GENCY  PHONE  1.GOO-OLIN-911



•   in'atchaJ  Saldy  Data .Sh.cot  .

W.y b. u]-d to ch/ wh
OSH^.. thard carTw"|dy.in. Stand.rd.
ae  CfT]  1®10.12cO.  SIIInded  muei  b.cB-Iled b put iq4onm

U.S.  D.pertinent  ol Labor
Chap.`;on.I S./.ty .nd  He.Jth AdJTilnittr.tlon
(Nori-M.nd.iory F~|
Form Aoo.out

OM8 No.1218cO72

. +f» `

®®tTTTT  t^- u..a on l.b\ .r\d lJ-
All  Shot8hell  Ammunition

NunB~Hrfumrm-B=LELrgT==%F=£k:r#=.C'#
'  .    ScaJon I    ...snail  Ams  Arm]nitlon.

lll-riJaEltlr-f'. rlm. Errtaperrty T-..I`Irnt}.r    .
f`eninoton  ArTns  Co. ,   Inc. (Sol)  .   676-3161

^Lm.- O.Irho-. Sn- C*r. Snp` ria ZIP Cc-1 TdeFhon. NLrrt>.r tr. hllorrn.tJon
I-40   E  Highway  15.        . (Sol)      374-2246

Lonoke,   Ark.ansa.        72086              .    .    `               ..
0,'® P'rydI      8-12-86    .

Sig\\`\Ir. o\ PT®.I-{tttrl-D        .        .
W.G.  Bell,'  Chen  Lab  -Technical  Section

S.ctJan I - tl.ardou. Ingfodlontofdonllty hlormalJon

li-I-rdou-caiiij=iiiiii= Ge-dE cihaJ t*rth( Cc-N.do)       OSH^ PEl
Lead.,   Inorganic  and  I.Cad  ccapounds.                     50mg/X

Argeni.c  and  c \|Jlde                                                          10

Antiron and  ccm nd.                                                  500  n
BariuB  and  conpound8                                                          500  ng/M3.
Hitroqlyerln   (a.05  rm  cki]i)   500. nicrogralt`s/M3  of  air

DCP  -  "STnall  hms  Aminition"
Clagar  C  Explo.iv®

.  OOu-D

S.ctlori Ill - Ptry.lc-I/Ch.mlc.I Choctort.uc.
ecrty put     I,ot  applicable. s%ggplpllquc±i:)
V-per pT-..ur. (in HO.)     . Wrty Pold

Not  applicable Not  applicabl.
Vpr a- pe . I) ELprr_Tn~oTApfr`.caL[eNot  airllcable
S¥dhcTead  styphnate  -|nsolublei  Lead  Nitrate  -127  g"/100cc  Water  -loo.C

A-- rf Cb
Crayi8h,   Gray,  Sllv®zy  Xat®rlal  i  No  odor

S.ctlon rv - FIT. .nd ElplcoJon HILzf rd O.b
fl.Ih Poirt O*.thad u..a) FL- lJTI un ra

Not  applicable Not  applicable NA N^
EdL- Lrty

Material   18  8elf  ctxidizin flood  with  vater  to  f 1 ht  fire. and  cool  .h.11-.
Sp-ol Fh Fiprg Pee.tll-

un#e|TBT|EFTt#e when  exposed  to  f lane  and high  temperatureh



s.c{loa v - A..ctlyrty o.I.
St"ty Un- Cdrluou®^ut        Flames,   sparks,   percussion  or  Shoe.i  and  hi9b  .

SLdr
X telnperatureg    (130.C}

locorno.IIOJIIty {l/./Of./. /a Arod  .. Strong  mineral  acldg  and  alkali.
t+uthl. Ciitiiiiiji;iiiTi5ii cr BirFrdla

Cb<ldes  of  carbon,   nitrogen  and  lead  £\]r®es.- try- C~k'^ut       Heat,  fire,  Static,.  friction  and Perou9Sion.
wrty ru Cha

X
.,

S.ctJor` Vl - He.Ith tiazard beta
Ftry.| ol EJtry:.                       VV`.I.lxJn?      Fumes                         Sho7   cuts  or  abrasions  -REE17cles

LLFn#¥ `fg?igT:engctoria ,  efroryotoxln ,  malnutrition,  veaJ{ness,  mental  confusion ,
allor  -

tr.eat  per  general  lead  exposurei.  headache  and  nausea

c-`EgF#erin..          RTpt                                     Lee I-7                      can ReqL"d7  Lead. yes

Sigr-rf9rtt-ate--'      Refer  to  health.hazard  above.          `                                     .     .   .

Ll-de±! Cor`d"an.     .
G€,il===f ^qgmrded try E--- §±=j:ointestinal   tract;   kidneys,.  bloc_d  _a_ne  ceT`tral  nezvoua

8ygteD.           (CINS)

Eh-ul"AHPTOC-         skin.  flush  with  water;   if  Swallowed  geck  medical  attention

inediately.
S.ctloti VII - Pr®ceijtloit. for S.l. H.ndllng  .nd u.®
S].p. e a. Tutco A C-.. W-I1.I b P±+a+_.te or SpAd                                                                                                                  .

Use  nob-Sparking   equipment  tci   f:1eanup  aT`d   store  sTiells  -avoid  ignj.tior`   sources.

r_F±¥_l¥ be b¥:pea__per_ 'appropr_i?te  federal.,  state  and  lp_c?I_ _requlatof¥agepg[=
contact

Pre=±±£cn. to 8. T.I.ri A HIJqu .rd S*rty

Refer  to  released  or  8pilled  data. ahare.
ch pT±fro

Label   containers  -  "Small  Arng  Amminition"  wear  gloves  and  shrapr.el  prcttection.

S.cttort Vlll - Control W.aeur..-*_                  -' ,-.---------

F`.®rty pta-/arty tyF-/               Osm    sA/Hit/SCEA

ir`g  cart.rldge8.Qt-Ptt*«thCbhngC. EO-use  he.ring  procectic`n  when  discharg

v,a.a. ' -.,, '~)„/,,'',



SECTION ii -iNGaEoiENTs
(ll,i all 'ng,®dl®nts)

C^S  P€CISTflY  NO, tlw bv CHiwco N"£{S) !.'ffi`diiS:Tjif'#,i

7664939 37 Sulfurlc   ^¢1d NA_

773218S &1 .    Watl.r M^

7439921 90 L a i c] V^_

Separat_ot`i_        _     _      _

D4r®mt¢

_     __-I   _      _
-_      _. ,I---_

•   .        .       `            -                              `'           .       .                .                     .        `   .

SECTION Ill - PHYSICAL DATA
|O,_llN¢-PO,^'m.I  ,_ i

•-.`...-- Av -.   .                 i,                 '

¥,AEp:issunl<  drH\|3fl a otl pmceNT vouni€ .y v¢LUM€ (ti)
»^ #Elg#Tj,i9uo®t u i  ___

vApOA  O-iNsiTy fain . i}
NA

rv^roRATiaN "TE i  ---        .I)
\.

soil.Bii..nlNHrsAcigie      --       T- PH.{
I

A'w.aecA#\S€,\Npteo€Equtd   (acid   content)                                            _       __.   |`sMas"b    ueufu#_

SECTION IV - FIRE AND EXPLOSION HAZAF]D DATA



-5v I lv.|  7.TiIr.I r] qA{IJlnLI,  yA I A
!c`o'5ET4Sf€'3¥€[¥`.tap:£}',:ii-c-eT.¢}'Lan.r(.°aAu'i'£dginr.oid RTisEL+#'ELLAULELfi#±V:.L`1 I  r=J  I

Tdesr."j_¢lon   of  badv   ti36u.   (burn). 01lH«uwrTE=    -                           u     a    a,

Sm Coot.a I;PllMAPIY  f]Cu S  Of  ENti]Y    Inn.I.lion  a

|M€8aErtr AHO

Otw' (pefyl
fiisT^ie..ocfouus    DO   not •]{cead   1   b=/tn3   rl`J^.

INCESTIONi      00   NOT   lt`ducc   voulillnS.

a,novt'  to   ( t.      G€C

clv.  Bilk  Alx.d  vl¢h  ee8
A--
dlc41 tentl

SECTioN vl.REACTrviTy DATA

STA,'|ltt
uNst^8_|£ C a h 6 T fliEJ N S I a A V a I a      -  -

9TA,|I
X I_

r|ricowpATlallltY (in.I.0.I. !e-.`6`d)  jxtdi2Ing   or    reduclnft   rna.[eri3lg

HA2^AcOu   OECOMPosmowleou_CTS:__then  heated.   cin   eult   hlchlv   taxlc   tuheg,

•.     --.i      -.
I  M_fv o¢cufl

¢ONolficws TO ^VOIO  ---
w`iLHafee¢u-.-

__  XJI

SECTION Vll.SPILL OR LEAK PROCEDUBE§
CAsfus,i "STEPS to a€!'t-I M^tiaiAi i& RtLusp

Conc£1n    .
St+owEPcffi ,   ,cat..: •rid   feder.1   regul_atlotij}   for   icld   or   lead   .era
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)MATERIAL SAFETY DATA SHEET
Pf]OOuCT sA   e25   Ooi2

SECTIC)N  I
w. I T c cj M A ^ u i A C T ii fi I r` a e I v is I a N  a a 6 lj 6S I o I A fl t EMEaGENcy  TELEPHC)N€
I

tl¢¥5F,AC"ER     762-5800EffiflEc1.teooi424.93oo
AooaESs  tNUMBEF.  STaEET. ciTy.  STATE.ZIP Confi

(
ChEMICAI  NAME Ofl fAMllY Fof]MULA

Petrol eum   Hvdrclcerbctn NA

'SE
CTION  11  -.CHEMICAL AND  PHYSICAL.PHOPERTIE9 :CHEMtcA L.                                            `PHYSICAl"

•A:Afioous OECOMPOSITION PfiooucTS FORMa        Seml-soHd

6          Carbon   rr.onoxlde.    cer±on   dioxide Ooofl
'N cowipATieiLiTy iKeEF ^w^y Fao~.I e Mi hera Oil

Strong   oxidlzlng   agents   such   as:      hydrogen   peroxld6, APPEARANCE
6 chrc)mlc   i)cld.    b,-c)r.ire 10 Grease
LLST ALL toxic AND HAZAfloctus INaBEoigNTs7Nc,ne

''
'-ORI        Amber

P'2 ECIFIC  GRAviTtiwAT€B.1`RT 0 . 924

`BEctloN Ill.i:FlfiE..ANO"PLO8ION I)ATA. 80`LING  PT.1S
NDA                    ®r®g

spEciAL FiflE FiGHTiNG f]BcicEoua€s F|Asti POINT IMETHC)a U6EolAboveC.O.C.

T

Fire   flghters   should   weer   an 26     190   .cJ]L.a MELTING  PT. NA.c
eDproved   self   contElned   bresthlng FIAMMABL£ LIMJTS %NDA27|oWER_UPP€F-

I,
®C

34
aDparaTus.

SC)iuBlirrtlNWATlf]
IINet:I'=I±t.Ii

UN USuAL FinE AND Expic)SiciN HAZAAOSDensesmoke £X TIN Gul8HING ACIEN T5

E DflYCH€MICAI    X:  CO. AT            ?5   .c

=WATERSPRAY     ± FO^M.WATERfoGRSANO/E^R"!a-OTHeB 'B

A  VOLATILE
NAi

2el
'a (BY WT  %'

evAp. flATEI,(,'' 1NAi

sgcTioN  rv  -  H€ALTH HAZARD DATA
pePIMissiBiE cONCENtfiATioNs iAMi vApOR pF`EssimE

NA

g            NDA
I.    (mrii  111o  it  20 .Cl '

'NA

EFFECTS Of  OVEREXPOSuRE 19 'Am  I  ''

10 May   cause   Skin   a  eye   irrltation  wlth   prolonged   contact. ®H ^S  IS
NA

T o];icc}ioclcAL pnopER TiEs 30 oH'1

3' N9A, sTnoNG AcreSTRONGaAs!

EMEBGENcy FiasT Ale Pflc)CEDufiES

32iEyEs      FllJsh   With    large   enounts   of   water   for   at    least    15   mln.CellaDhysic,tenImmediately. sTA8|E                                                      .*uN5T49lE='

3= SKiNCONTA:T        wasr,   thcroi.§h|y    with   Scap   ar`d   Water. VI§COSITY                       < too.AT%%.i`ooon}'^'=2

J6    iNHALATior`.                    NDA.

J3I            NA

„   ipsw.AiLowEo        Cau    a    Physicier,    lmnediateiy.

r`+   -r`CT  APpiic^ei:                                                 NC}A   -tJo@^TAAVAiiAeiE                                            <c   LESS HA.\.                                           >. Mcta€THAN

P6a6   I   o(  2

cop,'`,:c    es ..,--
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MATERIAL  SAFETY  DATA  SHEET      pf]ooucT

F.I

sA   e25   Ooi2

TION Vl' i-§PECIA[flf]ECAUTIONS
Fe€cAUTioNs TO a8 TAKEN iN HANDLING AND STofiACE

Keep   containers   closed.

SECTION vm -TRANsrofITATION DATA

"        uN,%l.'5tTT€°  E
U.S. a.a.T. Pf`OPEfi 8HIPPINC NAME

7

"             a!:u.I.%T!O  E
u.a. a.a.T. HAZAf]O C|ASS I.a. NUMaEB

4a 9

tf`ANSPO.TATION RQ LABEL(S} R€QIHAEO

£M€aG£NcylNFOAMAtloNCHEMTaEC1.(800143..9300 50 6'

FB52 EIGHT CLA8siFicATiaNPetroleun   Lubric:etin§   C-rease

SI ECL^l TRAM5POBt^TION NOTES
t

I, 93 I

SECTION IX -COMMENTS

KE:i   OUT   OF   :=AC`ri   OF   CHI  L9REN!  !

We   be`icve  the   6iatem®nts.   technical   information  end  t®comm.ndatlonS  Contained  h.i.in  ai.  reli8bl..  but  the.,
are   gi.yen   wi{r`out  warranty  or  guarantee  of   ]ny  kind.   exprcs8   0r   implied,   end   W.  a$3umo  no  re3pong!blli{y   fc.
any  Ios6.  damog6.  or expeng6,  direct  or  cc)nsoqucnt`al.  arising  out  of  tholr use.

GJ=6   2   o'   2
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MATERIAL  SAFETY  DATA  SHEET      pRODucT

F.i

sA   e25   00!2

§ECTroNvii-LQ-speelAt.paECAuttoNs
p86cAUTioNs Tc> a€  TAKEN iN HANDLING AND STOEAGE

Keep   containers  closed.                                                                                                                                .
13

8EclloN VIIl -TflANSIOfITATION DATA

uN.a;GDYgftTt°  a U.a. a.a.T..F`OPEA BHIPPING NAME                                                                                                                                                                                                          I

"I

„             flEeuoL.%T!DE

U.a.  a.O`T. HAZAPO CLASS I.a. NUMeER

Ja 9

TPANSFoaTATloN Ra LAaELtsi fiEQuiAEC)

EMEAGENCYiNFoaMATioN 60 6'

FBEiGHTciAa9& SIFICATIQNPetroleur   Lubricetin§   C.rease

CHEM  TPEC1.(8001434..300
a .ECLt L TRANSFoaTATION N OTEs

I, 9J

SECTION IX - COMMENTS

KE:i   OUT   OF   i:Act   CF   CHI  L9.3EN!  !

We  boll..ve  the  6tatern¢nts.  {echnical  informatlon  end  rocomm.ndatlons  Contt)inod  h./ein  are  r.liebl6,  but  they
ate  given   without  warranty  or  guarantee  ot  any  ktnd.  expros8  0r  lmplj.d,  and  W.  assume  no  ieipon8ibllity  (or
any  loss.  damage.  or expense,  direc:  or  cons8quont!al,  arising  out  of  th®lJ  use.
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MATEBIAL   SAFETY   DATA   SHEET

P.S

Tt]x   no.     :    042840

Part   Type   and   Number                                                           Part   name

Print   Oat®
Last   R.viewed

-----,-,-------------------------------------------------,--., I,1 ,,---,,,--,,, ~
Ford    -U.S.     BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

Motc)rcratt    -U.S.    BATTERY    -ALL                                 BATTERY    ELECTftoLYTE

I --------------- tl ----  CHEMI GAL   AND   PHYS I GAL   PROPERTI ES  --.-------.--------. I ---.

Haterial     type                            LIQUID
Sp®clfie   Gravity                  I.250
Bolllng   point                           >135   C
Flash   polnt                              Not   AppHcable
pH                                                               2.a

----- JIB ---------   HAZARD0lfs   AND   OTHER   0lscLOSEO    INGR:OIENTS   ------- I ------ Ea -----

P.rceht            EXPo®ure    Llm(ts    -TWA
Range                ACGIH/OSHA(where    eat.)     GAS    number             Che+ti:cil    Name

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

Expo.ure   Limlt   Abbreviatlens
~,---I,,,---,I,,--,,|,---,,,,,--I,,,~
TWA-Tlm6  W.lght.d   Average      C-Cel]inq

S-Short  Term   Expo.ure        Sk-Skin
Sol-Solub`.   Compeund£             Fu-Funcs

lnsol-lnsoluble   compound£        Bu-Oust +.,1'

--------- i -.-- I ------.---  RE GULATORY  I NFORMAT I ON  I ----.- I ------.----.-------.-

This   product   contains   a   toxic   chemical   or   ch.micats   lubject   to   the   reporting
r¢quirunents   of   S.etlon   313  of   Tltle   Ill   of   the   Super fund   Amendm.nts   and
R.authorlzation   Act  of   1986   .nd   40   CFR   Part  372.

n----E±±±===T-r=======--.----S16N^|WORO===,-:--I_=_-_=T±J±±===_=-__---.====L=;

DANGER    --CORROSIVE

-------------------n------.-HAZARDS--------.--.----n-.---------e=a---=

Contact   with   this   m®teri.I   wlll   cause  burn3   to   th.   skin,   .yeS   and  mucous
in a in, b r a n a 8 .

Wh.n   thl8   mat.rlal    com.a    into   contact  with   the   ey.i,   serloug   damag.   may   occur.
Thi8   product   ls   hlrmfu.I   by    Inhalation,   wh.n   :n   contact   with   th.   3k!n

and    if    lt    is   8wallow.d.
This   prc)duct   19    irrlt]ting   to   the   .yes,    re8piratcry   €ystou   and   ®kln.
This   product   may   b¢   fatal    lf    lt    15   cwallowed.

FORD   MOTOR   COMPANY
DEAB8clRN   Mi   4ai2i
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MSDS
(CONTINUED)

P.6

Tax   no.     :    042840
Pr1n`Oit`..obp/ao92e/8o2

----. I ----- i=--I ----  TARGET  ORGANS   AND   ME0 I CAL   COND ITI C)NS   --I-I -------------- a--a

Ov.rexpo9ure   to   €ctm.   h]zardou9    lngredlents   in   thls   prodilet   hag   been   found
to   affect   cartaln  body   ergang   and   Sy3t®ma    ln   €xp.rim.ntal   anim.li   .nd/ctr
humane.   TheSe   include:

Lungs
Teach
Skln,    Ey®S,    and   R.8piratory   System

I--.I ----- I.--n ----.-  ACUTE  Tax I C ITY  I NFORMATl oN  -------..------- I ------ 1=

Based   on   th.  cc]mpo€ltlon  of   th.   product   fdentlf led  by   th.  suppller,
Selected   pcirtlon.   of   the   acute   toxicity   Information   fran  RTECS   are
es   follows:
7664-93-9          SUIFURIC    ACID

lnhalation.    .dult   rat,    LC50   -510   mg/m3    (2   Hour.)
Oral.    adult   rat.    L050   -2140  mg/kg                                                            .

I------------------...--.  SAP E  H^NDl I NG  AND  STORAGE ------------ eJ---±±±± --------

Oo   not  breath.   Ses/furn6e/vlFor/Spray.
ui.   thl3   product  with  ad.quote  v®ntl I.tion.
Oo  not   g.t   thla  mit.rlal    ln  your   eyes.   en  your  Skini   or   on  your   clothlng.
Thl.   ls   an  oxldl2lng   .i.nt  -avoid   brlnglng   lt   Into  contiet  with  &n
organic  materi.I .

Stol.   this   prodilct   in  .lr-tloht  contalner&  aw.y  fran  !eure..  of   h®&t  .iid
I  i ght .

---------- uil--.   F IRE,   EXPLOs I oH  AND  REACTIVITY   INFORMATION  --------- == -------

Bringlng   thlf   prc>duct   Into   contact  with   conbu8tlble  materi.I   mly   cause   4   I Ire.
EXTINGulsHEa    lNFORHATION:    Dry   chemical,    foam.    carbon   dloxlde.
u&e  w.I.r   to  cool   f lr.-.xposad  centalners  and   to  prat.ct  p.rsonnel.
W..r  salt-contain.d  breathing  app.ratui.
Thi€   product   can   ra&€t  vlolently  wlth   reducing  .gent€   and.organlc  mat.rlils.
Explosive   HYDROGEN   GAS   may   be   r.Ie...d   lf   aqueeil.   aolutlon&   ol   thl.   mat.rlal
come    into   ccllitlct   with   reactlv.   metl]S    (lRON.   ZINC.    ALUMIWun)  .

Irrltatlrig   and/or   toxlc   fun.I  and   g.Se=  may  b.  omitted  upeA  he.tlno  ot
thl!   product.

The  decompo.itlon   of   thl8   prodllct  wlH.  release   toxic   ia.e6.

FORD   MaTop   cotwttlANy
DEAR80RN   MI   4S121
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gffE±
MSDS

(CONTINUED)

i.T

Tax   no.    :    042840
Prlnt   Date   !   o4P/aoo2i9o3

--------------------  PROTECTI VE  MEASURES   AND  TREATMENTS   I -------.---------.---

Use   of   an    impervious   apron   ls   recommended.
use   g®n¢ral   v.ntllation   and   u88   local   exhaust.   where   posslble,    ln   cofiflned   er
enc`os.d   spaces.

Wear   ch.m]c:al    gc)ggl.8   and   face   ehleld.
Tr`e  use   ef   neopr.ne   glov.a   is   reconm.r`ded.
Ir`  ca.e  of   contact  wlth   ey.S.   rln.e   imedlately  with   plenty  of  water   and   ..®k
medical   advice,

lfmedlat.ly   tak.  off   all   contan]nat.d  clothing.
If   the  matarlal    li   ew®llowed,   get   lmadlate  medicll   attention  or   advice   --
Give   sev.ral   gla8ses   of   water  or  milk.

It   g]S/fume/vBpar/dust/mlst   frem   the  materlal    is   inhaled,   remove   the   affected
person    lmmediat®`y   to   fresh   air.

fcir   fkln   contact   f lulh   with   large   amounts   of   water.
Wagh   thoroughly   after   h.andllns,

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

lf   the   product   is   Ingested,   prob&bl.  muco=al   a.mace  may   contraindlcate   the  use
of   ga.trl¢   Iavige.     Tr.at   the  affected   person  aoproprlately.

-I ----. I -------------  Sp I lls.  LEAKS  AND  O I SPOSAl  -n ---- n .---.------ ===

EHmin.t.   ®]]   .ourcea   of    lgnitlon  or   fl®mmible8   that   may   een®   Into   Contact         .
with   a   .pill   of   this  mat.rla:.

Avoid   .kin   cor`t]ct   and   lnhalatlon   Clf   Vapors   durlng  dispo..I   of   Spills.
018po&e   cf   wast.  matarlal   .ccording   to   Local,   scat.,   and   Fed.I.I
Envlronm.ntal   R.9utatlon8.

In   ca8®   of   large   SptH8,   foHew  all    faciHty   Em.rg.ncy   RefponSe   Proeedure8.

-.---. 'P -------.--------------  SPEC I AL  REMARKS  -..-------- I--ti-d.-.It-.-f===..

ThiS    i.   an   .cldlc  mlt®rlal.

----------  u.   S.   OEPARTHERT  OF  TRANSPORTATION   IHFORHATION  ---. I:=±±±i .---- i=

Shlpping    name:    BATT!RY   FLUID.    ACID       uN:    279¢
Ha:ard   Clasa!   Corro®Iv.  matarlal                   Hazard   Label!   Corrosive

The   ch.mlcal   Mine(i)    appearing   below   under   `'NAAE"   must   .ppear   a¢   part   of
shipplng   name   lF   the   amc}iJnt   being   Chipped   in   each   contalner   exc.eds   the
quantlty   .horn   under   "RQ"   below.     The   lotter:   "RQ"  mu6[   also   appear   as   pi,-t
of   the   Shipplng   name,    ln   the   form!

•hlpp:ng   name,    ch®mlcal    name,    RQ.
For   U.S.      Shipment{    from   Ford   Facillties,    consult   the   `'Ford

Hazardoui   Material   Transportation   Control   Program"   Hanual,   oth.rwise
con8ult   49CFR172.
•----- ¢AS--RQ (lb5)   -NME ------------..----------.--------------................

7664-93-9         2777         SuLfuRIC   Aclo

FC)BD   MOTOP   COMPAN.Y
DEARBOBN   Ml   48121
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MSOS
(CC)NTINIJED)

P.a

Tox   no.     :    042840 0     Prlrit  D.te  .   oE/'o92e/9£

--------------- I ---- I ---.--  PREPARAT I oN   I NFORMAT I oN  -.---- I .---.--- I --------- =I--

H.alth   and   safety   Information   h&8   been   evallJated   by:

Environmental   1   Occupationel   Toxicology,      Occupational   Health   6   Sat.ty,
ford   Motor   Company
goo   Parklan.  Towers   W.9t,    Oearborn,   Ml      48126        ..

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

Thls   i8   the   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEABgoEN   Ml   48t21
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MAT=RIA-I.   SAFETY
DATA   SHEET

AMOCO   REGULAR   Lfan-Fee:   GAso7.ih.a

MSDS    NO:        02003992

P.9

MA+ruFACTURER/suppLIER:
Amoco   Oil   Coapeny
ZOO   East   Rdndolph  Drive
Chicago,   ]lllnois     60601

EMERGENCY   ri'EALTH   I}rFORMATION:        (800)    447-8735
ERERGENCY   SPILL   INFORMATION:        (800)    424-9300

C"REC,  U.S.A.
OTRER   PRC)DUCT   8AFETY   INFORATION!       (312)    856-3907

IMPORTANT   CoMFORERTS:      Gasoline    (GAS   8006-61-9)   ^CGIH  TLV   300   pp&t,   STaL   500   ppm;
OSHA  PEL   300   ppn,   STEL   500  pan.

i8:a:?eT# #;£3;2;p£C{!g #Xj:  Pp"  O§.th Pal  1  ppn
*Se¢  Supplenental   Information  Section.

WARNING  STA]EMENT :    E::g::ie::t5:::!ge:::i:::: in::!ha::P::u:::fez:::i:A:£C:3a:::::a

and/or  agplt.eted  into  lunge.   Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   Use  ag  motor   fuel  only.   Long-term
exposure  to  vapofg  has  caused  cancer   ln  laboratory  anlnals.

"IS/NFPA  CODES:.(HEEL";I) (FLA"AEIL[TY;3)(REACTIVITT;0) ,   Chronic   h.alth  hazard

APPEARANCE  AND   ODOR!      Clear,   bright   liquid.      Characteristic  odor.

HEAlitH  HAZARD   INFORMATION

ETE

EFFECT:              High  coAcentration5  of  vapor/bist  Day  caug.  eye  dlgcomf.ort.

FIRST  AID:       rlugh  eyes  with  plan.ty  of  trat.r.     Get  nedical  attention   if   irrltatlon
per$ 18tg . .

PROTECTION!     Non.   r.quired;   however,   use  of  eye  protectl6n   ls  good.  industrial  practice.

EFFECT :

.SKIN

Prolonged  or  repeat.d  contact  can  defat  the  Skin  and  lead  to  lrrltation
and/or  der"atltis.

rlRst  AID :     ¥::|u:3£:a::a::}na:itth::::g#§' :i:::.an:end:;.b::::ri::::?  C:::hi:gifai
attention   if   irrltatlon  develops.

PROTECTION:     Avoid  prolong.d  or   rep.ated  akin  cclntact.     Wear  protective   clothing   and
gloves   lf  prolonged  or  r.peeted  contact   i5  likely,

EFFECT !

INHALATION

Vapour  harmful.     High  vapor  concentrations   can  cause  headaches,   dl2zlneas,
drc>vsineg8   and  nausea.     See  Toxicology  Section.

FIRST  A:D:        If   adverse   effects   occur,   remove  to  uncontanlnated  area.      Give   art±f lcial
respiration   lf  not  br®athing.     Get  medical  ettentlon.

PROTECTION:      Use   with   adequate  ventilation.      Avoid  breathing  vapor   and/or  nis-..      1£
ventilation   i5   inadequa..6,   use   NIOSH/USHA   c®rtif led   respirator  Which   ulll
protect   against   organic  vapor/mist.
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HEALTH   H.izA.ap    :NFORMATION   -   coNTlrvED

EFFECT:

FIRST   AID:

P.10

INGasTION

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

If   swallowed,   do  NOT   induce  vomi`ting.     Get   immediate  medical   attention.

FIRE   AND   ExpLOsloN   INroRATION

FLAsmoINT:                -45®F

FLA}"AELE   LIMITS:       UPPER:       7.6%      LOWER:       I.3S

AUTOIGNITION   TREERATURE:                     4950F

EXTINGulsHING  MEDIA!      Agents   approv®d   for  Class   8   hazards   (..g.,   dry   chenlcal,   carbon
dioxid.,   halogenated  agents,   foan,   st®cm)   of  voter   fog.

UNUSUAI-   FIRE   AND   EXPLOSION  LAZA+iDS:      Extremely   flammable   vapor/air  mixtufe8   form.
.=xtlnguighnent  of   i ire  before  source  of  vapor   ls  shut  off  can  create  an
explosive  mixture   ln  air.

FRECAUT]ONS:      Keep   away   from   lgnltlc>A  Sources   (e.g.,   h.at,   sparks   and  open   flane8).
K.ep  corltain®r  closed.     use  With  &dequato  ventilation.

REACT{VITY   INFOR}1ATION

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

HAZAREOUS   DECOMPOSITION:      Burning   can  produce   carbon  monoxide   and/ar   carbon  dioxide
.        and  c)thor  harmful   products.

STABILITY:      Burning   can  be   Started  easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

BOILING   POINT:                         GOOF   To                  430®F,    Range

8OLUBILITY   IN   WATER:      Negligible,   b.low   a.1%.

SPECIFIC   GRAVITY    (fu.AT=R   a    1):                       0.7S

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

VAPOR   DENSITY    (AIR   -i)i                    3   TO               4
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sTORAGa   ANI]   ENvlRONMENTAL   PROTE:CTION

STO£AG!   REQUIREMENTS:      Store   in   flammable   liqulds   storage   area.      Ko®p   container   closed.
Store   away   from  h.at,    ignltlc]n   sources,   and  open   fl8me   in
accordance  with  applicable  federal,   state,   or  local   regulatic)n5.

Spll-LS   AND   LEAXS!      Remov.   or   shut   of i   all   9ourceg   of   ignition.      Use   water   Spray   to
disperse  vapors.     ]ncr®Bsc  ventilation,   if  poaslble.     Contain  on  an
absorbent  material   (..g.,   Sand,   8ardust,   dirt,   clay).     Keep  out  of
Severs   and  watentays.

WASTE  DISPOSAL:     Residues   end  spilled  zndterlal   ere  hazardous   Waste  due   to   ignitablllty.
Oi!po&al  nest  be  ln  accordance  vith  eppllcable  federal,   State,   or
local  re
unless  diulations.     =ncloaed-controll.a   lnclneration   1g  recormended

rected  oth.rvi4.  by  applicable  ordinances

SPEC:AL   PRECAUTIONS:      Keep   out   af   sewers   and  wat®rvays.      Avoid   strong   oxi6izers.
Report   splllg   to   appropriate   authorities.      USE  AS  MOTOR  FUEL
ONLY '

TOXICOLOGICAL    INFOENATION

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

SXIN!     Primary  dermal   irritation  Score   I.i/8.a   (fabblts)
than  5al/kg   (rabblt8).     Practically  nontoxic  for

ll"ALATION!      Acut®   LC50   20.7mg/i   (rats).

.     Acute  dernal   LD50  greater
acute  expo3ure8  by  this   route.

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

Exce8siv.  .xpci4ure  to  vapors  may  produce  h.ad8cheg,   dlzzin®ss,   naiigea,   drowsi-
ness,   irritation  of  eyes,   nose  and  throat  and  c®ntral  nervous  system
depregg ion .

In  a  long-ten,1nhaldtioA  .tt}dy  of  Whole  unlead®d  ge4oline  vapors,   cxpoaure-

!±;::::i!!;!i#!#;:i;i;;!!ii!:i!!;:i::;i;i;iii;:i!:i;i;i:i!®i!;;:;:he
91gnlf lcance  of  the  nouge  liver  tuner  response   in  terns  of  human  health   is
quest lonabl® .

Inhalation  of  whol.  unleaded  gasoline  vapors  did  r`ot  produce  birth  defects   in
lebaratorr  animals.

Gdscline   ls   a  complex  mixture   of  hydrc)carbans   and   cor`taine   benzene   (t}p   to   4
volun.  %),   toluene  and  xylene.     Chronic  exposure   to  high   levels  of   benzene  has
been   shown  to  cause  cancer   (leukenla)   in  hunang  and  other   adverse  blood  effects
(anemia).      B®nzene   is   considered   a  human   carcinogen   by   IARC,   NTP   and   Osi£A.

:::;.€:::::eh::a:E£:n:n3nfa:::::::  c3h:a:::e:r5:::::a:n:o]:::  T£E::i::i::a.
were   seen   ln  chronic   studies   on  xylene   in  gulnoa  pigs   but   nctt   in   rats.

Aspiretlon  of   this   product   iAtc   the   lungs   can  cause   cheDlcal  pneumonia   and   can
be   fatal.      Aspiration   into   the   luries   can  occur  while   vomiting   after   ingestion
of   t,his   prc>duct.
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REGULATORY   INFORATI0N

F.1=

C=RCL^   RE:PORTABLE   QUAJ{T!TY!
This   produc+.   is   exempt   frc>n   the   CE:RCLA   reporting   requir.in.nt8   under   40   CFR
Part   302.4.     Howev.r,    if   Spllled   into  Waters   of   the   United  Statog,    it  may
be   reportable  under  40   CFR  Part   153   if   lt  produc.a   a   Sheen.

DOT   PROPER   SHIPPING  N"E:      Gasollr`e,   Flarmabl®   I.iquid,   uN1203.

osrIA  mzA.an  CoquNICATION  STANDARE :    ::#£b:§n!i#?:  :!§:!i§::i::S:i::!¥#:::A:;ts

RCRA   STATUS:

:i:;a:::d::tc::t:?:j£:±a:8o::ev:!t::Rb::::a:6!t3:o±::€n:a:h:n£:i:owing
Substance ( a ) !

coMpoNENT/cas  }"BER

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

.SARI   STATUS:
Thla  product   iB  regulat.a  under  the  following  a.ctlon(8)   of  SARI  Title  Ill,   42
usa  9601.   Splllg  or  releases  of  the  product  RAY  b.  reportchle  as  a.t.mined  by
the   informatlon  given  below!

SECTIONS   311   A+ZD   312   0F   SARA   END   40   CFR   PART   370:
This  product   is   deflned  ag   hazardous  by  osun  under   29  CFR  Pert  19lo.1200(a).

SECTION   313   0F   SARA   AND   40   CFR   PART   372:

:?i:  i:O#C:r£O::::n§#e   following  substances,  which  are  on  the  Toxic  Chemicals

COMPONENT/GAS   NUMBER                                                                                                 WEIGHT   PERCENT---I,-----------I,I|,-~--------------------------------------,I-----
Benzene   (71-43-2)         .
=thylbenzene   (loo-41-4)
Taluene   (108-88-3)
Cyclc>hexane   (110-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!     All  of   the   components   of  this  product  are   listed  on  the  TSCA.Inventory.

S.u.PPLEMENTAL    [NFORMA't:ION

Gasoline   is   a  complex  mixture   cf  hydrocarbons.     Those  riajor  cc)xponents  having
occt:pational  .xposur.  limits  are:

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

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

Ethylbenzane    (GAS   loo-41-4)    AC:GIH   TLV   loo   ppm,    STEL   125   ppm;
OSHA   F=L   loo   ppm,    5TEL   125   ppm.
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SUPPLEMENTAI.    INFORMATION   -   CONTINtJED
n-iEJ®ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   ppm;
Oshi   PEL   400   ppn.,    STEL   500   ppm.

rrHexane   (CAS   ilo-54-3)   ACG}H  TLV   50   pp,n;   O§m  Pal   50   ppm.

P.ntane    (CAB   109-66-0)   ACGIH  Tl.V   600   PPD,    STEL   750   ppm;
osm  Pal  6oo  par,   gTEL  75o  ppn.

Toluene   (GAS   108-88-3)   ACGIH  TLV  loo   Fpm,   STEL   150   ppn;
OsltA  Pal   loo   ppm,   STEL   150   ppm.

P.13

Trim.thyl  b®nzene   (CAS  25§51-13-7)   AcalH  TLV  25  ppr;   06m  Pal   25  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV  loo   Ppm,   Stfl.150  pen;
OS!1A   PEL   loo   ppm,   STEL   150   ppm.

ISSUE   [NFORATIC)N

BY:

7€ GC+-
A.   G.   Farm.r,   Director,
Product  Saf.ty  &  Toxicology

ISSUED!      June   09,    1989
SUP=RSEtles:      March   18,   1988

This  nat®rial  Safety  data  Sheet  and  the   lnfornation  it  ¢ontalns.  is  offered  to  you   ln

3£#hf::t:e:: i;:5u;::. So¥:c::V:u::Yi:V:era:gn!:£;rag:°8c:::S:{g£€t i?A!8i:a€:::  ;:e£:
correct  but  cannot  guar&nt.e   lt-a  accuracy  or  coapleten.gB.     Health  and  safety

o::Yg::!o:et:a:S::::t:°hiL:a !n#::a::#u::6::;eiy andprecautlona  in  this  data  sheet
gltuatlons.     It  1g  the  us.r's

::e::::i:::i§a:::€::i:i:#::g!:#i:#:§e::::;!§¥;Er:::i;:i:;ei§e:i::,::,!#:p:§i;::s
or   implied.
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U.S.  DEPAFITMENT  OF LABOF]
Occupatlon8l Sdfaty  and-Hedllh Admlnl8lrallon ..

•MAT-EFllAL  S.AFETY,'.DATA.rsHEE,T
'.,,.-I.

. ., a E CT

•,._low.I.

I+A+A~Aca+7`thi ..A+. i Tgrgf'6Br-ti!3Ollfton  Ohenlc&1  Co,•-.,'---.., a+, a'.. -,. cco'                                \                                                                    .160So.IAaultgt.ah.tan.a.Il.60922
a+I-I-.a+I..A++(^..a.y.-..r.I.                              .-..-„`      .      .    .1...`           ..    '.. 'w'i#6:HhE#i`dw#|'h®r
' CMW" ,~L, Owut^

Mlxture

~... ,         .        .,.  8E.CTION  ii..HAZARDOus.INaREOIENTs   ,

p^miT8. pftE9Env^trve9. . 8oLVENt6 I |V'|'nll,' ^liota "o W€t^Liic coiTINog * tlv'1'^1'1'

rowEH,) 1'/A eAJ, Wft^| h,/A
ciLTALyeT

N/A
^110,3 N/A

Vewnole '',/A •.Tuilc: Co^Tmtcs N/A\
"veHT9

N/A
'||ea WET^|

N/A•lus  CO^tllJO Of` Cof`€ flux
^atx',n!,                                                                       .   I. 'N/A . `O,"I.S .

fy/A

O'HI.8....... t'/A
ll^ZAJ`oou6 wixruAE8 of otHtB iiouio8.8oiios, oA o^8E8    .     , * |V(un'',I

®             ,__.

H.thylAicohol                  I        .                                .¢                   .."    ..        ."      " 38 200p

Nonv.1Dhenol  surfaotant               GAS  #    6erl2-9+I+ 001
_,I

trichenvlnethane       C^9  #  2650L{8-2             EP^  TSC^  List-Yeg Tr,
'       '1.''„

SECTION  Ill     PHYSICAL  DATA
•Oiiwo f.OwT rF.I                                                  .  -          J`. `rli^.......'-. €peciiicoA^viTTii+drl|:    .       I    I      '      '. •g51"   I
`^ro. n..ant I- w. I

N/A
renceiJt `to.+ta. i N/AVoll"t (,I

Y^bA O€H.ltY (AI.. I I                                     .           ,. .  ,.      ® .
N/A.  .  .

tv~OM7loN I^TC
N`/A-','1

coiuen.iTy in w^T€f`
.    ,         i          =

I

^„tAAuetANOOooa         Eit[e.|"atla

SECTION  IV     FIRE  AND  EXPLOSION  HAZAF)D  DATA                              ,     .
.uHro"tttiuhco...di        I.a.r:.lla  r |^,*w^,I,,u'Te   ..     `    .                 I             ld             I             u,,

I

•Itu`aui.t+"alJl[Ol^   in  chonica|,co,  or  Aloahol  fo
Lm T

MciAHIW'aMwa"fec:F.E9oif.aorfulned..'tr®athfuE

`=     tJ.         -+

uwueyilo.a.I A#.H`.aa'V°reH¥^tEL  air  and  nay  t±a'tel

aonBldenbl.  dlgtance  to  fn  lgnltlon  8ou±a,

PAGE  (1)                                                                               (Conllnu.d  on  revel.a.Ida)



sECTloN  v     riE^iTI.I  HAZAno  DATA
n,I,n:iuhoSiL':'i:^ot#Co|-

Oot)om.   8   hour  time-weighted  avelilEe                                      ,.
"|'£:T:g°t£Vo':I."i.'oLTi-ohou],   cauaeg  b||ndr]ogs,   p6rlnpg  de8,tlh     Inhalat,ion-Narooel8i

hcad4oh®i   nausea,   1og=  of  coileclou8noeB.   Skin-  Dryln6i   lrrltatlon.   Eye-Bumlng.
`Tn.8'®Hsti"o°n'L.`t#a&nc°8e°V8€wi`|t|ng   of  c!onga|oua ,person.   call  H. I).   Inh.1atlon;  Renov.

I)ersort  to  fresh  air,-Skin-  Remove  cantamlnated  clothing  and  wa.h  tllth  v.tea.
Eir.I-  Flush  .veg with  water  for  tit  lea,st  lj  mln.  `dontoat  a  t}hy-Lcl&n  lm®dl&tely.

:   '                                                SECTION  VII     SPILL  OF]  lEAl(  PF`OCEtJUF]ES

®'j.ri'o°eec |^®*#|'nc£9EOL:^hfi^ih9®ri"|`r', °£'6i'|LL+nentL].&t®d  a=.&e I   .|1Aln&te  lgnltlon  .oust...

^Vadlwrun-off  into  storm  6eti6r8  a,nd  dltahe4  whlcll  lead  to  ria.ttJz-i  v&telt&y-

WA£TE  OISP06^l  W€1++OC)

In`conefatlon,  .blologlcal  treat,ment. of  dilute  t]olut,lan.      I    .
.C

sEc.rloN  vili     spEci^L pnoTEci.ioN  iNFonMATloN
nl9.m^to.T l®OttctloH I.`®.a.fy ly...                                                                             I

V€'',H.A,'ON
.w'h°€A"al'b^#'ciorlato   to  control  €iot]1oyee  exp dRurtr'6^.L        .

utc''^,''C^|'C,,,','' a,,,I,    :     .

•noitcttv6 aicwes €'C!£:#%'fi` t]afett  EOEfl.a
eap=eJllezL=iibbe==    vee

oiiit8 rqottctiy. .oui-u(wT

FACE  (2)
.Hay-1 -9-90
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PBOPERTIES AN:I SPECIFICATIONS

Seisniic :xDio

EXCELLENT FOB  "MINl-HOLES"
AND VEETICAL STACKING

These  non.nitroglycerin  emulslon  Proc}iJC:$  are  packaged  in  corive.lie
one.pound,   one.half,   cme-{hii.d.  and  one-quar.`er  pound   cartric]ges   3.r
for,mulated  to   provide   a   seismic   Pulse   eqiJa:  to  c!ynami{e   fc>r  clear.   s.Iia,`
Seismic recc>rcjs.

Al:hough,  classitiecl  as   high  explosive,  seisp.alME/E   emulsions  are  nc;.
heacjache  anc]  nave  excellenl  resistance  tc)  acciderl:al  c]etonatic>n  by  frictic]n  {
irr'pact.

Spiral.wc..nd  1,'4  to  1;'2-pounc!  Paper  cartric!ges  are-easily  capped  a,.i
waxed to Sieep well.

PBODUCT                                          E-1                 E.1/2            E-1/3           E-1/4

Weight

Slze
S,yl5
Den.3ity  (gin/cc)

One  pound     1.J2  Pouncl    i/3  Pounc!   1/4  Pounc}
21f'4x81;'211;'2x811/8x8            1x8

Velocity  (fas)  ('.ncorifinec])              16.500

D3!oria:ion  pressure                            100

(ki]c:bars)
Absolli[e  Sulk  strength                      685

(=21,CC`,

Re:alive  Sulk strengtri                       leo

(AN Fog 1 00.)

SIN               gIN              SIN
•i.15                       1,15                      1.15

16,C)00            1S,000            14,5C)0

loo                loo                loo

775               775               77S

log                  105                 105

PACKAGING
Available  in  four sizes  to  meet  vertical  stacking  ar

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

size   is   packaged   in  thin-walled.   easy  cc>uplir,
cartridges  i or  vertica!  s{acking  or  larger  downhoj
shots.

In   the   1/2  tc>   1f'4-pound   si.zee,   sejspBIME,'.E   ;

packagec§ in spiral-wc>und oaper ca.|ricjges.
All sizes have exceilem v,`a{e,' res:stance and can  b

initja{ed with a #8 strength STATICMAST=B aetonatcr

57:fl7YCA445FEZ=€`  =ie3tri: [I=teriato,rs fo,. Seisimic :xp!oratioi-i
DESIGNED  FOB  SEISMIC  WOP,K  -  Exclusive  Atlas  eiec:ric  rr,atch  provides  re!iab

cietc7nation  with  minimiim  lag  time  and  scatter.  Full  #8  strength.  explcsive  output  to  he
insiJre  initiation of the seismic charge,  even  under severe condii.rons.

uN:XCELLED  PERFORMANCE  .  F3igid  statistical quality control  tests  are  performs
on  all  components  and  on  the  completed  detonator  to  assure  reliable  and  corisis:e,'
performance.  A  tc>ugh,  hard  enamel  ¢c>ating  under  the  plastic  outer  jnsulation  provide
additional protection against shorting ot legwires under extreme conditions.

WATEB  AND  WEATHEB.PBC}OF  .  Legwire  insulation  is  designed  to  withs{ar
extremes of  heat  and  cold  and  the  severe  cc)nc!itions  encounterca.  in  deep-hole  lc>adj,^'
All  c)etc>nators  contain  a  double-crimped   riJbber  pllJg  to  prc>vide   a  water-tight  se,'±
Excellen: firing  characteristics  permit  use  in  single-hole or mu!tj?le-hole pattern  shootirii`

PBOPEBTIES  AND SPECIFICATIONS
•  De:3.ia:or s'irergth  -#8
•  ,=i;r,c:ion.;,r€, ::tTe scat(er .  Less than 0.001  second;  even

lc>\\'e-as  :l':rls  :urrem  is  increasec!
•   F.e::T,rT.eridec:  t.iring  current  -3 tci  10  amps  DC. 4 to  10

an`L:s  A.c
•   Vt,'a-Le.  irTimersiol  c!epth  (max. testec!) -500  fee.i
•   5ricce\\'i.re  resista,nco  .  C).9 C)hms
•   Det..jTra:3-sriel:  -Gilc:ing  metal

pEDucED sENsmviTy
TO  EXTBANEOUS  ELECTPICITY

i   :=c.'_`;3    c'tc=e`^.Ire  ?ncj   the  SF  teat.re   ir`  the  electric  match
3ro`.'.:i-r€ `:L.=.`-c   ::+-:'.`,I(iVI(y  to  S.`a(lc  elect..ici:y.

OPEBATING AIDS
With  recommended  firirig  currents.  STATICMASTEB  electr

cletonators meet all  requirements for series firing.
WAFINING  -  Do  not  use  STATICMASTEa  electric  c]e{c)nators
tlle same circuit with cither types c)r brands of electric cletonato,rs.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spoote'

c]uplex  copper  leac!  wjres  (yellow  color)  in  lengths  of  40',  60'.  8':
10C)'.120',150`,160'.   200`,  250',  300',  and   400`;   anc!   in   shorlj
legwire  lengths  (folded  c}uplex  wires,  yellc>w)  measuring  12`,  2:
and 24'.
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EAZ   A   RD   O   U   S         C   H   EM   I   C   AL      MAT   ER   I   AL       S   A   F   E   TY      DATA

F.=3

SHEET

ATIAs  porm£R  cOREANr
15301   DALLAS   PARKWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

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

3.     MEDICAL  "ERCENcy  TELEPHONE  NunERs:

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

TEE  RATERIALs  DEscRIBm   IN  "Is  I>ATA  SHEH  ARE:

HAZARI)OUS   CHEMICAL   INGREDIENTS

REVISION:      Otie

5.      CH"ICAL  AND   CO"ON  NARE(S)   OF  HAZARDotjs   CE"ICAL  MIXTURE/INGREDIENTS:

ApexiAll  Grades,   RXL  614,   RXL  615,   I'owerAh.-All  Grades,   Bulk  Eaulsions-All  Grades

Major  Hazardous  Ingredleats  Include:
Amfl}otiiua  Nitrate
Diesel  011   (Ia  Some  Formulas)

TSCA                         GAS                              RTECS
LISTED                      NO.                                  NO.

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

Note:     See  MSDS  for  Armoniua  Nitrate  I'1us  Fuel  Oil

6.      PHYSICAL  A}m   CaE£ICAI.   CHARACTERISTICS:
Vapor       Flash    }!eltirig    Boiling     Speci£1c       Mol.

Pressure     Peinc     Po|nt°C    pc|inc°c C=avitv          Wc. Odor     Aopearance

Amcjalun Nitrate
Diesel  011
ELxtv=e

0                  d               155               190                i.725          83          None     White   solif
ad               nd                   nd        147.371          0.87            nd     Pungent  Broun  Liq't-i
Meg.            Qd                     nd              1251.1    to   1.3     NA           None     tiJhite   cress

nd  =  N.a  Data           d  =  Dissociates       na  a    Not  Applicable
pEryslcAL  HAZARDs :

Amoniun  NitlatE  -  DOT:     O:tldizer
MixcuTe     DOT  Explosive,   Blasting  Agent

8.      HEALTi.  tlAZARDS:
.----

Cart:inogea
Corrosive
ELghly  Toxic
Irritant
Sensitizer
Toxic:
Target  Organ  Ef feces

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

10.       PERLW.ISSIBLE   ELT]OSURE   LLHI?S:         No   Daca

Diesel  oil:     Flamable

----- LJJap  .+ _    -_

Ref :   Regiscr:`.   of   Tc)xic  E££ects
of   Chemical   Subst:ances   (RTECS)

N  =     Nc)   C:iteria  Match
1.  I     Poslc+.ve  Crlceria  Match

per   RT£CS
nd   1=      No   Data



11.      LISTINCS:

RATERIAI,

ALN

SN
SP.
EDDN
DO

£nulsiot`s/.i.i;FO   5ler,ds
Page   2

NIP  AxpAL   REPORT                  IARC                            OSRA
ON   CARCINOGENS                         MONOGRAPHS            CARCINOGEN

12.      GERERALLy  Appl,ICABLE   pRECAUTIONs   roR   SAFE  HAmLINc  ANI]   USE:

HYGIENIC  PRACTICES :

Avoid  Skin  and  Eye  Cc}ntacc.     Avoid  Breathing  Blasting  Fumes.

pROTECTlvE  lnAslJREs  I]uR"c  REPAm  AND  RAINTENANCE  OF  coNTANINAmD  EQulpENT :

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

PROCEDtJRES   FOR   CI,EANUP   OF   SPILLS   AND   LEAKS:

Bulk  Product!     Isolate  and  contain  spilled  material.   Contact  Distributor
ctr  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  daraged  or  deteriorated  explosives  ntist  be
carried  otic  in  accordance  `tith  all  Federal  and  State  Regulatictr.s.
In  tbe  event  of  a  Toajor  spill,   con:act  the  National  Response
Ceater   (800-424-8802)   and  the  local  Police.

13.     CONTROI.  mst7REs:

ENclREnne: Follow  EATF  standards   for  storage   (27   CFR   151   Subpart  3)
Except   for  Bulk  ploduccs,   see  "Do's   and  Don'Cs  -Instructioris  and

Wamlngs"  -found  in  every  shipping  c:ase.
See  Insti[uce  of  Makers  of  Explosives  Pu.Dlicacions.

WORK  PRACTICES:      Follow  OSEA  Scaridards   for.Storage   and  Use   (29   CFR   1910.109)
Except  for  Bulk  products,   see  "Do's  and  Don'Cs  -Irist"ccions  and

Warnings"  -  £outld  in  every  shippir.g  case.
See  Insclcute  of  rrakers  ct£  Explosives  Publications.

pmsoNAL  pROTECTlvE  EQulpRENT:

Avciid  toxic  fumes  frota  blasting,  wear  nolr.al  protective  equipoent,
such  as  Safety  glasses,   hard  hats.   ecc.

14.      RERCEh7cy  AND  FIRST  AID   pROcmuREs:
I          ,                     .   `                                .   -              -I,     _

Do  not  attempt   Co   fig.nt   fires  invc>lving  explosives.
Imediately  evacuate  the  area.     Avoid  Coy.ic  fumes  from  fires.
h  case  of  skin  contact,  wash  affect:ed  area  `.ich  water.     I:ye  contact  -
flush  eyes  for  ac  least   15  air`u:es  and  consult  a  Physician.

15.     DISCLAIRER:          The   above   information   taken  frcJE  various  publl§hed  and  un?ublis.hed
sources   is  believed   t:Ci  be   accurate   and   reF`=esents   the  best
|nfor=acion  currently   av€ilable   to  us.     Eoti'ever,   I..e  Bake  no  warrarL=:,.
of   the  acc`dracy  o=-such   ir`£ormacion,   express   or  lnplied,   and  assutie
no  liabllicy  resulting  from  lcs  use.     Users  should  Bake  their  our

±E:=:CS8::i::£a:°p8£58=:::e  the  Suica`Dility  of  the  inf ortne=ion  for



/\--

J  ,,.

`¥'an in:burgh/.A;arrio, ]nc.
1 20o0 Prtrty rfu
1220 huh Odiee 8ar`k To`Iter
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SOLD      Soc.    o£   Explor.    Gee.pbyslo
TO       c/o   Ks.   Geo|ogl.cal   Survey

1930   Constant   Ave.
.Lawrence,   KS      66046

¥;:;¢=9+1iia,=

TEN NO.

INVOICE
iNvoroE O^TE I        INVOK=ENO. Pal

11/18/91 40849 1

¥{F     Fort   Bend   Co.   Delivery         ,4|L-,.
•1

3 4 .''E
|.'-TT5F I       SAL€S        I                r-I.t3C;-.roe SHIP V!A SHIP DATE TEf]usI  rr..                :      PERsof`i      :         `i.    Cll:.`=]?`C.

/91 S30
I     .`               ..,

Our   Truck 11/15/91 Net   30   Days

ITEM DEscF]ipTior`i

a:i..`nfr:T`u3.1r.;:Fi:9 Cl.`,aRTTivsHIPPE:. =T,< `uNiT  !                ijNIT paicE PPICE IJNIT OISccliRT      I                  E)(TENDED PF3ICE

550408000 80'    SW   STATICM STER c,t8<
CUCLB..#sALCLBCU;I..,.i-.....T.''.•.'''`.:-~,,,,',-?•:d,._,.

•..    ,     .        ,•....\.....,;.= ,'......``.'.'.`..i.:.:.i•,:...:..'•-.`:-_.•--..:....'`I`...•:.I.,..:..'`*c`....--r-,__fffgE,_

97  .  98....6.'56.,.•-..,.`f...:i-.,.giv,14.,'.26.78,,....y12.000 12 . 000 EACH 816.50

10812533 SEISPRIME   E   1- /8X /3
`. .  ..4  .  000  .<......-` •..   ..   „  ..        .        .4  .  000.  . LB. •¢S.. ...-..  .  ,164 . 00

`-.,90`0O.00051`.-......'..;.....i.:...:` `. ...riArib.DOus . .inTR
HNDL

.CHG                 ,..

r\±.-..1..000,•,..•:.,,       .-..     ..   ;     .i.000,'.` .%SAL ...    .'.      .''   3.;  1.4.

goo.oool
•...E.,R. C . C . -    HIGH

EXPLO IVIES
4.000 4 . 000 LB 8;506.50\''•..'..,.,`..   ,_,,,,..;,.:`'j`.'\.

900000006 I.R.C.C.    -BET NATOR-
12.000I',•.....'  .•-,,-.../1~...I.. 12.000,.', EACHI.

`r:,..i     ;:,-:(-.•-`;',,.,ii-(::.T:-  i;/.44•,-,i)J3/4``.

`,`~,

!+`-,A'C `         I                S^LESAMOuRTl                                     108.7`2

Cocll

I               MISC. CHAIGEs I                                               . 00

s^LEs AMcrm 1 0 8  .  7 `2

MISC. CHAf3GES .00
FF3EIQRT .00

SALES TAX
TOTAL L.`

PAYMENT REC'O
BALANCE DUE\


