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11.        STATEMENT OF WORK

This high resolution seismic reflection feasibility study proposed in Elko County,
Nevada, will consist of both an extensive series of walkaway noise tests using several
types of seismic sources and three CDP reflection lines totalling approximately 3.5
miles.  Shallow, high resolution seismic reflection techniques have been successful
delineating stratigraphic and structural features in the Carlin area (Anderson, 1990).
Post-process modelling of coherent reflections will be critical to accurate geologic
interpretations in this highly altered and geometrically complex setting (Miller et al.,
1995).  This study is designed to determine:  1) the feasibility of the technique in this
geologically complex setting, 2) the resolution potential (both horizontal and vertical) of
the technique, 3) the optimum source for this site, 4) the optimum acquisition
gcometries, 5) general processing flow, 6) a basic idea of acoustic variabhity, 7) logistics
of data acquisition in this area, and 8) the effects of noise from active mining.  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.

The primary goal of this study is to determine the utility of shallow high resolu-
tion seismic reflection techniques to detect, delineate, and correlate complex structures
evident in the pit wall north of the Deep Post mine.  The study area will be in the west
central portion of Elko County, Nevada, approximately 20 miles north of the town of
Carlin.  The highest concentrations of ore along the Carlin Trend are generally asso-

Elko County, Nevada Page 1 June 1995



ciated with structurally and geothermally altered units.  Economic mining depths rarely
exceed 1500 ft.  The upper 1500 ft in Little Boulder Basin consists of Tertiary volcanics;
Devonian limestones, siltstones, chert, and mudstone; and Ordovican shale, siltstone,
and chert.  The Roberts Mountain Thrust fault regionally present throughout Little
Boulder Basin separates the older Western Assemblage (Ordovician) from the younger
Eastern Assemblage (Devonian).  Several major structural features probably locally
present north of the pit include Out are not limited to) the Rodeo Creek Fault, Rodeo
Creek Anticline, Betsie Anticline, and several small displacements near vertical faults.
Some antiforms observed in pit exposures have dips on their limbs that exceed 60
degrees.  Localized thermal alterations also evident in the pit have probably changed
the acoustic properties of many of the rock units.  Imaging and delineating structure
and detection of thermally altered zones are the primary objectives of this seismic
feasibility survey.

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 arraLnged between the
Kansas Geological Survey (KGS) and Newmont Exploration Limited (NEL).  The testing
phase will consist of several walkaway tests near the planned survey lines.  The walk-
away noise tests will be gathered according to common shot station and receiver offset
and separated into distinct groups according to recording parameters (source, receiver,
recording filters, etc.).  The quality and potential of the test data will dictate the acquisi-
tion approach taken during the production portion of the project.  If both KGS and NEL
agree that the data quality of the walkaway tests warrants continuation of the project,
the production phase will commence.

The production data will require 3 to 5 days (depending on conditions) and will
follow well established shallow high resolution data acquisition procedures (Hunter
et al.,1984; Knapp and Steeples,1986; Steeples and Miller,1990).  The basic structure of
both the acquisition and processing flow will be roughly designed around the findings
of the preliminary testing.  Ideally, an uphole or check shot survey should be acquired
in a near by borehole to enhance confidence and preliminary event identification.  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 revolve around walkaway noise tests.  The walkaway noise tests
will represent the first operation to take place after initial equipment shake-down.  The
walkaway noise tests should be completed within two days, allowing selection of the
optimum acquisition parameters and equipment for the production portion of the
project.

It is assumed that uphole surveys conducted by NEL will include data from at
least a couple boreholes prior to the initial seismic walkaway tests. The uphole informa-
tion will be used to determine a true average velocity and represent preliminary ground
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truth for the time-to-depth conversions critical for accurate event identification during
initial testing.

The walkaway noise tests will be conducted along the proposed seismic lines and
as near to control wells as possible.  The walkaways will consist of source-to-receiver
offsets ranging from 8 ft to approximately 800 ft and 1000 ft if deemed necessary.  The
receiver interval will be 8 ft.  The 8-gauge Auger Gun (Healey et al., 1991) (requiring
only class C explosives), an accelerated weight drop (Bison EWG or equivalent), Bolt
LSS-6 land air gun, IVI Minivib high frequency vibrator, will be evaluated to determine
the optimum source for the near-surface conditions, target depth, resolution require-
ments, and environmental constraints.  Each source will be evaluated with as near
equivalent conditions and parameters as possible.  Experience with source testing
(Miller et al., 1986; Miller et al., 1992; Miller et al., 1994; Doll et al., 1994) will greaLtly
enhance both the quality and the efficiency of source evaluations at this site.

The receivers available for testing will include both single Mark Products L-40A
loo 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 geophones with a high
spurious threshold is paraLmount and from previous experience, lower quality geo-
phones will not produce the desired output within the desired frequency band.  Geo-
phone testing will determine if noise originating from the mine and mill areas can be
reduced by geophone array orientation.  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 aLnd
displayed in a variable-area wiggle trace format.  Spectral analysis will be used in
conjunction with forward modeling to determine the basic characteristics of reflection
data collected with each of the sources tested.  The uphole velocity files will be trace
balanced and displayed individually in variable area wiggle trace format.  Determina-
tion of source configuration and field parameters for the two test CDP production lines
will be based on the results of analysis of all walkaway tests.

PRODUCTION PHASE

The production acquisition phase of this project will begin as soon after the
testing phase is completed and both NEL and KGS are satisfied with the parameter
design.  The data should be acquired in five days or less.  Source and receiver selection
will be a qualitative choice based on frequency, potential penetration depths, quantity
of ground roll relative to body waves, and physical site and near-surface constraints.
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The equipment and parameters 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, 24-bit, Geometrics Strataview floating point seismograph.

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 survey (if possible).
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.
Based on experience at sites with similar near-surface and background noise problems,
the most probable source used for production will be the IVI high frequency vibrator.
Triple L-28E 40 Hz geophones with variable damping capabhity will probably be the
preferred choice for the receivers on the production line.  Acquisition filters will be used
to balance the spectra if a stacking source is selected as the optimum source (Steeples,
1990).  TTre equipment 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 either a nominal 24 or 12-fold CDP stack.  The fold or redundancy will be
determined by recorded data quality and the apparent complexity of the acoustic signa-
ture of the imaged reflectors.  The geophone station interval will be confirmed by com-
putations and qualitative judgments made from data acquired during the testing phase.
The most probable geophone spacing is 15 ft.  The data will probably be acquired using
an end-on source/receiver geometry to enhance continuity and increase velocity
control.  The source-to-nearest receiver offset will probably be on the order of 50 to 100
ft with a maximum source-to-receiver offset of approximately 750 to 800 ft.  Modifica-
tions to the source/receiver geometries and offsets may be necessary after analysis of
the data acquired during the testing phase.

Final design of the field geometries will be based on analysis of potential (using
physical properties derived from the test data) versus required resolution (Miller et al.,
1995).  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 equipment and recorded data will be continuously monitored during acqui-
sition to ensure the highest quality CDP stacked section.  The response amplitude of
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receivers will be monitored using a modified tap test performed after the planting of
each geophone or group of geophones.  The continuity and leakage of each active
station will be meter monitored prior to each shot.  The system will be subject to a series
of pre-acquisition tests designed to insure the integrity of analog filters, consistency in
system noise, and precision in digitally stored data.  Visual analysis of general signal-to-  ,
noise ratio, environmental noise, DC bias, and variations in the optimum recording
window will be performed on at least every fifth field plot.

OVERALL PROJECT GOAL

The goal of this study is to determine the feasibility of the technique to image
and resolve structural and stratigraphic features and thermally altered units in the
upper 1500 ft and to correlate structures and rock units exposed in the pit with
reflections on CDP stacked sections.  The results of this study will include a thorough
comparison of several high resolution seismic sources, an empirically based estimation
of horizontal and vertical resolution potential, stacked and interpreted CDP sections
focusing on structural features inferred from drilling and pit maps, evaluation of
acquisition effort, and determination of optimum recording parameters.
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Ill.       RESPONSIBILITIES

The responsibility for employee safety rests with each employee's respective employer.
This plan, therefore, applies only to KGS for the survey activities.  Each employee of
KGS will strive to identify and mitigate any safety hazards encountered.  All parties will
cooperate in working as safely as possible and will comply with all applicable safety
requirements as set forth by Newmont Exploration 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 if
lightning strikes are closer thaLn three miles (determined by 15 second count between
lightring and thunder).

2          If conditions become excessive (i.e., temperature > 100°), continuous day
operations will be modified to minimize chances for heat-related medical problems.

3.         Appropriate field boots will be worn and due caution will be exercised with
respect to snakes.

4.         At least one gallon of fresh water will be on hand at the beginning of each day for
each crew member.

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

6.         Appropriate drivers licenses will be held by operators of vehicles while on
Newmont or Barrick controlled properties (Dor regulations).
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRINT)                               ComDanv Signature

Site Safety Officer
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Si>ecific Safetv Requirements

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

Vehicular Safetv EauiDment:  All KGS vehicles and the ammunition vehicle will be
equipped with -a first and 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/EXDlosion Prevention:  No smoking or open fires are allowed in or around the
vehicle carrying the blasting ammunition.  The blasting vehicle will be equipped with a
fire extinguisher.  The blasting vehicle will not be left nmning 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 dear daylight hours
under unrestricted visibility, in good weather conditions.

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

All will be required to comply with niles outlined with this plan.  Failure or inabhity of
NEL or KGS personnel to comply with the site safety guidelines presented herein will
be grounds for suspending all project work until compliance can be assured.

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

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

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

10.        NO K permitted to use intoxicants or to be under the influence
of any intoxicant or drug while on the job.  This includes any time when operat-
ing a company vehicle.  Failure to obey this policy may result in immediate
termination of employment with KGS.

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

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

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

Several members of the KGS crew have certification in CPR/First Aid through
12/18/96.  This certification was received through participation in the Medic First Aid
program presented by Zee Medical Service of Kansas City, Missouri.  The standard for
the Medic First Aid program comes from the Journal of the American Medical
Association and Guidelines for Cardiopulmonary Resuscitation (CPR).  Medic First Aid
is approved by the U.S. Department of Labor, Mine Safety, and Health Administration
and meets or exceeds OSHA requirements.

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.      TASK SPECIFIC HAZARDS

The purpose of the geophysical investigation is to delineate stratigraphy of sub-
surface structures near the Post/Betze Goldmine north of Carlin, Nevada.

One of the geophysical tests proposed to be employed requires the use of an
auger gun (shotgun type device) to introduce energy into the ground.  This device
consists of a small skid-steer loader with an attached auger/screw.  The operation
consists of (1) screwing the auger, which houses the shotgun device, approximately 3 ft
into the ground, (2) loading and firing the gun, and (3) unscrewing the auger from the
ground.  The auger gun uses a b|aE!s 8-gauge shotgun shell fired under the ground
surface in a downward direction.  The device is built to minimize any danger to the
person handling the device, and avoid any residue materials left in the ground.  The
shotgun shells will be secured in a specially designed steel, 1ockable, explosives box in a
vehicle at all tines.  The operation/safety rules and regulations for the auger gun are
presented as an appendix to this plan.

Field operations will consist of geophysical investigations to determine the
effectiveness of shallow seismic survey methods at this site to delineate the complex
stmctures evident in the pit wall.  The introduction of acoustic energy into the ground
in a controlled fashion involves equipment or material with the potential to do harm if
not properly handied and operated.  Good common sense, training, and experience are
the rule for seismic field operations.  These can usually be easily accomplished if manu-
ffacturers' operating and use instructions are followed.

The field investigations will involve project personnel performing geophysical
surveys of the study area utilizing other non-intnisive seismic sources.  These sources
include a vehicle mounted vibrator, accelerated weight drop, and air gun.  The principal
hazards associated with this type testing would consist of handling or moving the
equipment.
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ACTIVITY HAZARD ANALYSIS

A.        Work Item:  Use of class "C" ShotgunAmmunition

specific Hazards-The specific hazards involve injuries to persons or property damage
aiising 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, aLnd 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 shotgun ammunition to be used.  He will review the blasting communications 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 are as follows:

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

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

•    riandling:  Only RIck Miller, KGS, will be allowed to access, handle, and load the
shotguns.  Shotgun loading and firing will be conducted in accordance with the
attached "Operations/Safety Rules and Regulations for the Auger Gun."

•    Firing Communication:  RIck Miller shall establish a series of waming signals to be
used prior to and following each shot.  Cine short horn blast, whistle blow, or other
audio signal will indicate the beginning of a blast (or prior site specified require-
ments).  He will review the precise waming procedures with all project partici-
pants at the initial site safety meeting, and will monitor compliance with these
procedures.
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•    Safe Distances:  All project personnel not authorized to handie the shotgun
ammunition and guns must stay a distance of 25 feet away from the guns and shot
locations.  Non-project personnel will not be allowed in the work area.

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

TransDortation.  Transportation of the auger gun and ammunition is on a standard one-
ton fl;t-bed four-wheel drive tmck and gooseneck trailer.  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 tnick bed.  The ammunition is classified as
"Class C Explosive" by the U.S. Department of Transportation.  No more than 2,000
rounds of ammunition will be transported to this project, packed in quantities of 160 per
arrmo can.

8.        Work Item:  Traffic control

All mine regulation concerning rightof-way and traffic directions will be observed.
Haul vehicles have righfrof-way.

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

Control Measures-All personnel will minimize activity along trafficked roadways to the
eextent 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.

C.         Work Item:  Bolt LSS-6 LaLnd Air Gun

The Bolt Land Air Gun has been in routine use in oil exploration for more than
20 years.  The device consists of a 3-cylinder diesel engine, a fourrstage air compressor,
and an enclosed water filled chamber thousing the "gun").  The safe operation of the
gun is well documented in the operator's manual.  The entire device is transported as
the bed of an F-350 4-wheel drive truck.  The 3-cylinder diesel engine powers not only
the air compressor but also a hydraulic system designed to raise and lower the gun
cchamber to the ground.  The gun chamber is hydraulically lowered to the ground with
the weight of the truck used to hold the device to the ground.  The gun is electrically
detonated from the cab of the truck with no moving parts exposed during detonation.
The engine and air compressor are enclosed in a protective shroud.  The gun generates a
thump to the ground surface approximately equivalent to 1/8 of a pound of high
explosive buried 3 to 4 ft beneath the ground surface.

Control Measures
1) The careful and safe operation of the standard 4 wheel drive truck is well docu-

mented in the owners manual.
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2) It is critical to always be aware of anyone near the device.
3) The raising of the gun for transport and lowering of the gun just prior to detonation is

done with only part of the gun visible to the operator.  It is critical that no one
comes within 50 ft of the gun while in operation.

4) Hearing protection (down 30 dB) is required by anyone within 50 ft of the truck.

D.        Work Item:  Minivib

The Minivib is a hydraulically powered vibrator designed to shake the ground in
a very controlled fashion over about a 4 to 8 second time duration.  The device is
hydraulically powered with no moving parts that possess an entanglement potential.
Energy is delivered to the ground by this device through a hydraulically powered pad
approximately 3 ft in diameter mounted on the belly of the vehicle.  The pad is lowered
from beneath the vehicle using the vehide's weight as hold-down pressure.  The pad is
vibrated by a hydraulic servo delivering frequency-varying energy to the plate over a
preset time duration.  No moving parts are exposed with the maximum movement of
the pad relative to the vehicle less than 2 in.

Control Measures
1) This vehicle is center articulating and requires care when turning that no one is with-

in 20 ft of the vehicle.
2) Safe operation of the vehicle is documented in the operator's manual provided by the

manufacturer.
3) Hearing protection is required within 50 ft of the vehicle.
4) All shields are to remain in place while the vehicle is in operation
5) Hydraulic pressures of more than 1500 psi are routine during operation.  No main-

tenance or service will take place while vehicle engine is running.
6) Quick inspection is necessary prior to lowering the pad.

E.        Work Item:  Accelerated weight Drop

The accelerated weight drop (AWD) generates acoustic energy by accelerating a
50 to 1001b weight through a 2 ft stroke impacting an 18 in diameter steel plate held to
the ground surface by the weight of a skid-steer style loader.  The weight is accelerated
within an enclosed steel guide.  The drive mechanism consists of a hydraulic motor
turning a set of sprockets that deliver power to a cycling lift arm that pulls the weight
against the resisting force of an industrial rubber band.  Simply envisioned, this device
is analogous to a sling-shot.  All moving parts are shielded, with the contact area
between the weight and plate sufficiently enclosed to avoid and possibility of debris
becoming airborne and representing a risk to the operator or bystanders.

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

50 ft without hearing protection.
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3) All shields are to remain in place while in operation.  Routine maintenance, requiring
removing shields, can take place only when the loader engine is off.

4) The operator can exit the vehicle ordy when the weight drop is in the full down posi-
tion and solid contact is made with the ground surface.

5) Operation of the loader will be consistent with those published in the owner manual
of the Case 1225 Uni-Loader.

F.         Work Item:  All Terrain vehicles (ATVs)

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

1) The Yamaha has a specially designed cable winding device.  The Yamaha has a
Power Take-Off that is used to power a winding device mounted on the front of the
vehicle and is used for the rolling of seismic cable.  Operation of the PTO requires the
operator to be on the seat and traveling in the lowest speed range (this is controlled by
safety overrides that "kill" the engine when these conditions are not met).

2) The E4|±|g is designed to carry the seismograph and 12-volt batteries.  This vehicle
never travels more than 5 mph and spends over 990/o of its time parked along the survey
line.

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

All ATVs have blinking yellow lights for increased visibility by other traffic.

VII.     TRAINING

At least one KGS personnel working at the site in connection with the project
shall have received hazardous waste worker training in accordance with 29 CFR
1910.120(e), be certified in First Aid, and CRP trained.  This includes 40-hour initial
training, 8-hour refresher training, and yearly First Aid refresher.
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VIII.   PERSONAL PROTECTIVE EOUIPMENT

Personal protective equipment ¢PE) protects employees from the hazards and
potential hazards they are likely to encounter as identified during previous site
characterization activities.  PPE consists of a combination of protective clothing and
respiratory protection equlpment.  Selection of PPE is based on an evaluation of the
performance characteristics of the PPE relative to the requirements of the site and the
task specific conditions and duration.  The level of protection is upgraded when site
monitoring or conditions indicate that increased protection is necessary to reduce
employee potential for exposure.

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

Long-sleeved shirts and full-length pants
Leather steel toed safety boots
Hard hat
Eye protection
Hearing protection as required by procedures in the HASP
Orange vests along roadways

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

IX.       SAFETY ANALYSIS

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

X.        ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated at more than 6 U.S.
Government facilities ry-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).
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XI.       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 Goth sections of this report).  In 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
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-cat. 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
LLawrence, Kansas, facility where they will be properly disposed of.

XII.      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, Fc.re¢r7#s Sa/gfy.
DOE Report DOE/EV/06194-3, DOE £xpzosz.t7es S¢/efty Ma7tw¢Z.
ID Appendix 0550, Sto#derd Opcrflf{.o7tflJ S¢/edy Reqwi.rcmc#fs, Part IH, Subpart I, "Explosives"

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

Practice, and Combat
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SAFETY   ANALYSIS

Page   I

_Potential   Hazard

Lost/Stolen  Ammunition

Durinq   Loadinq/Unloadinq:

Dropped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinci   Firinq:

Muzzle  Air  Blast

Ricochet

Flashburns

Conseouences

Personal   injury  or  property
damage   from  unauthorized   use.

Personal   injury  from
accidental   discharge.

Damage  to  barrel,   breech,   or
bolt  and  resulting  personal
i nj ury .

Personal   injury   from  flying
rocks,   soil,   debris.

.

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle   flashes

Mitiqation/Prevention   Mechanism

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

Assure  training  of  personnel   in  proper
handling   of   live   ammunition.

Assure   training  of  personnel   in  proper
handling   of   ammunition   and   in-process
inspection   of   ammunition   and   seismic  gun.

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

Design   and   use  of  seismic  gun   prevents   the
escape  of  projectile  or  fragments   from  the
borehole  wit,h   sufficient  energy  to  cause
personal

Discharge   into  earth  or  containment  device
suppresses  muzzle   flash.



SAFETY   ANALYSIS

Page   2

Potential   Hazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged  barrel   -dirt

Plugged  barrel   -water

Barrel   disengagement   from
plate

Breech  disengagement   from
barrel

Durinq   Transt)ort

Accidental   discharge

Consequences

Personal   injury  from
subsequent   accidental
discharge   of  misfired  round.

Injury  to  unintended  target.

Damage   to   barrel   and
resultant  personal   injury.

Damage   to   barrel   and
resultant  personal   injury.

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

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

Injury  to  unintended  target.

Mitiqation/Prevention   Mechanism

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

Assure   that  operating  procedures
prevent   transport  of   loaded   seismic  gun.

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

Assure  that  operating  procedures
require   inspection  of  borehole   for  water,
and  sealing  of  end  of  barrel   with  tape  or
balloon   if  water  is  encountered   in
borehol e .

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

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

Assure   that  operating   procedures   permit
loading   only   after   seismic  gun   is
installed   in  borehole.

i-,.



SAFETY   ANALYSIS

Page   3

Potential   Hazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechani sin

Mitiqation/Prevention   Mechanism

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



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

I         Handling (always assume loaded and ready to fire)

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

1.          In field:

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

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

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

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



March   24,    1987

llANDATORY    SAFETY    ROLES     FOR    USE    0F    TtlE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun  ls   powerful  and  must   be   securely   posiEioned  when
fired.     Danger  exists   not   only  wlch   the   bullet   projectile,   bit  also  with   the
recoil  of  a   loose  gun.     Be   sure   that  all  TD6untlng   bolts   are   tight.     Never
strike   the  gun  or   bolt  with   a.  metal  object.     If   the  gun  is   jamming  or   stick-
ing,   clean  lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts  will  help
avoid   the  cohesion  of   dirt   and   sand   to   the   parts.

Operatloml  Saf ety  Rules

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

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

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

4.     NEVER  move   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   proc.edures.

7.     Use   counon  gun   sense.

Dowhole  Mode

Be   sure   all  mounting   bolts   are   ti8hc.     Do   not   force   the  gun   down  an
augered  hole.     Re-auger   the  l`ole,   if  t`ecessary.     Be   sure   that   the   base  plate
rests   on   the   ground.     Hat-e   two   people   stand   on   the   place   .*.tien   firing   (flex
tr`rlees   to   absorb   the   shock).

I.£   the   hole   has   water   ln   1[,   seal   the   muzzle   of   tl`e   gun  w.i.Ch   tape   or   a
balloon   to  keep  water   from  seeping   into   tl`e   barrel.     Avoid   th.1s   situation,   i£
possible.     Water   in   the   barrel  may   seriously   damage   the   giin  when   fired.
Injury  is   pos§1ble.

Surf ace  Mode

Be   sure   all  mounting   bolts   are   tight.     Carefully   protect   the   breech,
trigger,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN.
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OPEPIATIONISAFETY PIULES AND PEGULATIONS
FOF} THE

AUGEF=  GUN

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

operation    and    Safetv    F3eaulations

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

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

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

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



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.



Improved Shallow Seismic-Reflection Source: Buflding a Better Buffalo

John Healey, Joe Anderson, Ric_hard M_iller, Dean Keiswetter, Don Steeples,
and  Brett Bennett, Kansas Geological Survey

SUMMARY

An improved design of the buffalo gun,
incorporating hole drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordable seismic
signal than the traditional buffalo gun.   The 'auger
gun' is designed to optimize field efficiency,  source
couple, and safety.  The auger gun consists of three
main parts:   power source,  aiuger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gim delivers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence, Kansas.  Subtle changes in
source environment, such as a 15 cm gap between the
detonation point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
have a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison to the buffalo gun.

INTRODUCTION

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

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

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

DESIGN AivD TECHNIQUE

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

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

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground, (2) loading and firing the gun, and (3)
unscrewing the auger flight from the gI.ound.   Once
the 4-wheel-drive loader is in place. the containment
plate is lowered to the ground surface with the weight
of the loader placed on the plate.   The hollow-stem
auger flight is then screwed into the ground using a
gaging device designed to ensure  the flight is  screwed
into the ground at a fixed rate and no material is
removed from the hole.   Screwing the auger flight
into the ground accomplishes both exceptional blast
containment and  minimal  residual  borehoie.   After
the auger flight is securely screwed into the ground
80+ cm. the modiried buffalo gun is loaded (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head, through the
hollow stem auger flighting, and seated into a sleeve
at the base of the auger flight.  Watei. can be poured
through the hollow stem auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the firing pin or
with  an electric solinoid.

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

The auger gun incorporates several key
characteristics designed and previously shown to
enhance  high-frequency seismic signal  at the
expense of air-coupled wave and ground roll while
maximizing mobility, operator safety, field  efficiency,
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 efficiency is maximized by incorporating the
borehole preparation with tbe 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 Inpub'Output DHR-2400 seismograph witb no
analog low-cut filtering.   Tbe sampling interval was
V2 ms and record length was 500 ms.  The receivers
were three L28E 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 aL
geophone station interval of 4 in.  The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The  recording environment was  consistent
throughout the  comparison.

Auger gun and buffalo gun field files
acquired under identical conditions allows for
comparison of several key source characteristics
(Figure 2).  The amplitude of the data is noticeably
h.igher with t,he auger gun with very little difrereiLce
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
unfiltered files.  Some subtle indications of 50 Hz

ground roll are still present on rilt,ci.ed files.   Tlie
general characteristics of the 80 ms reflection seem to
be consistent for both sources.

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

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

CONCLUSION

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

containment plate
screw guide

Fig.  1    Diagram represents the auger gun in above-
ground position.   Modified buffalo-gun
portion of the auger gun is not shown, but is
conceptually the same as previously
documented (Pullan and  .\.IacAulay,  1987).
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Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.
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Fig. 4    'I'he darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).
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suHuny

ln   A   dtrecc   con.parl8ot`,    the   dovnhale    .50-calLb€r
set.oLc   eoilrce   produced   dare   selsr.Lc   energy.   a
broader   body-v4ve   frequency   speccrilqi,   .t`   ei]pllcudc
drop   ln   the   all-coupled  v&ve.   and   .  I`1gher   dotl]1nat)C
i requency  of   the   recorded   body-vav.   ef`er8y   [h®n   the
•lLenced   eurf&ce   .50-caliber   .ource.     The   recot'ded
•elsdilc   energy   of   [l`e   dovnholc   ELF lc   Shoved   &n
lncte&®ed   an|]1ltude  of   6   to   12   d8   over   [h.C
recorded   by   the   ellenccd   .u[f.ce   rifle.     The  dooL-
n.f`C   f requei`cy   of   [``e   recorded   ref lecclol`   energy
veg   con®19tencly   20   [o   40   Hz   t`18her   tt`an   the   iur-
face  rlfle.    The  .1[-coupled  v.ve  .I]pll[udc  vas
decre..cd  over  12  dB   by  .ub.utf.ce   I lrltig  of   the
rlf le.     The   fTcqueticy  .pectr`I  of   the  body-vavc
pulee  v..  bra.dened  by  .ilo.t  .  h.lf  OCC.vc  on  the
high  end.    The  ..fe[y  of  oper.cloa  of  the  .ource  le
not  coilprodLL8ed.     Refl.ctot.  vlth  .  dofLLa.nc   fre-
quency  lt`  exce..  of  loo  llz  c.a  be  e..lly  ldenclfled
oo  field  I 11..  .C  dcp[h.  of  I...  Ch.a  JO  tl  u.1t`g
the  do`rt`I`ol.  .50-c.lib.I  rLf le.    Ideatlflc.tloa  of
loo-tlz  reflector.   fro-I,LOO  -1.   po..1ble  on  fl.1d
I lle.  of  nultlple  vertLc.lly  .t.cked  domhole   .50-
c.llbeT  .hoe..    The  .ou[ce  vlll  operate  lt`  .n
ef I Lclent   aLanner  colleccLng   COP  d.ta,   cooiion-of fse[
d.C.,   or  .I)ot-correla[lon  dac..

INTRol)uCTI0N

II`crl.."(ni:   eiwtrolimcncAl   and   englnect'(n8   Ai.pll-
c..ILO.in   o(   rc[lec[Loli   .elea.oLog)I   ltovc   8pu[red
reie.ircli   And   dcvelopn]el.[   of   .hallov  hl8h-reiloLu[lon
•erLQctLu.`   t¢cl`nLquc.   xi`d   cqul!i-enl.      R¢3olucLo.`   oq
tlie  order  of  A  .e[er  1.  n.cc..ary  to  dc[ec[  ulct'.-
•l`aLlov   Corgeca   wl`lcl`   at.e  generally   the   goal   of
•ofit   eovlrol`.an[AL   and   engLoecrLn€   .Cud(e8.      Thlg
Lnc[edfled   reeoluclon  c8f)   be   ob[alned   by   boo8tLng
Clii.   (cl..iLici`cy   of   [l`e   eourcc   |>.iLse   vhlcl`,    Ln   turf`,
1ncreaee8   [ha   doeln.n[   i requency  of   Cl`e   [ecot'dcd
scL!.Lc-I.efLectLoo   energy.     Cenera[1ng   the  lll8t`-
€requel`cy   seLcd]lc   Source   pulse   Aecesaary   for
•halLov   appllc.[1one   h.a   been   accoapllshed   Lr`  a
aul[l[ude   of   dlf feren[   v®y8   1n   the   past   (MllLer   e[
al.'   1986).

Recent   8eLsi.Lc   source   advances   a[   the  K4neaa
Ceolog(col   Survey   (KCS)   have   .alnly   I.evolved   around
Surf ace   p.ojec[LLe-type   .ourc..   (Steeples   at`d
Kiiapp,    1982;   Mlller   .t`d   steeple.,   1986;   Seeber   .rLd
Sceeple8,1986).     A   .50-clllber   rifle,   which  Was
deglgned  and   bull[   [o  ..fely   fire  a   750-grain  but-
lee   vcrc(cAlly   (a(o   the  ground,   l`as   Dote   recently
beel`  Ad®i.ted   [o   operate   p®r[l.lly   undergt.ound  vlcl`
ool.y   [lle   flrlf`g  &ppar&Cu8   .bovc   8cound.      This   al-
1ov$   8afe  opet.atlon.,   a  higher-f [equency   8ourcc
pulse,   arid   .a   lncrea8ed   .lgt`al-to-nol8e   I.aclo.
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Tlit!   r,ciicr..it   design   cencer8   around   o|iclnl7.Ini;   Ct`c
cui`vcr..lui`   iil.   t!i`|.rgy   I)roducl.d    by   a    .5u-c.`lll)cr
rtf li`   hiilli`t    Inca   #clsmtc   (acou®Clc)   waves.      TI`c

IBajo[Lcy   of   the   energy   produced   b/   a   .50-caltber
round   goeg   lnco   Accaler.Ctng   [l`e   pcojecclle   and
ln[o   exhau.C   8.sea.      PrevLou6ly,   vl[I`   above-ground
®out'ce..   ve   have   5Llenced   al`d   dLspersed   the   exhaust
8.8e.   1t`  hope.   of   elloln.Clog  or  a[   lea®C   gce.tly
reducing   the   ef I ec[B   a(   the  air-coupled  v.ve   on
set.I.lc  data.     The   dovf`hoLe   ..SO-cal(ber   rlf le
nearly   31diuL[&neousLy   ex:cLces   the   earth   vLCI`   .1
proJecELle   and   vl[h   e.ch&u®t   gase.   vl`1le   concalnlf`g
flio.C   o€   the   all-coupLed   vave,    resuLtln8   ln
lncre®®ed   i requency   and   sl3nal-to-nol8e   r.Ilo   oi`
eel8olc   record   secclons.

The  dovAtiole   .30|callbe.   &el8nllc   source   coAelscs
of  a   .50-c.llber  rlf le  bolted  to  .  a.6-cl)-thick
•te.1  pl.Ce.     The  rifle  lc..elf  ls  .  .C.nd.rd   .50-
c.lib.[  br.ech  .tid  bole,   buLlc  by  Texas  Cub  .t`d
H.cl`1ne  Co-p.ny,  .t[.ched  to  .  .C.nd.rd   .50-c.11tie[
t].chlne-gun  b.rtel.     Xachlned  grooves   lf`   the  barrel
are  u.ed  LI`  cqojuAc[1oo  vlch  .  pre.lure  cl..p   Co
•tt.ch   the  rLfl.  [o  .  30-ca  I)y  90-cn  Steel  pl.[e.
The  t'1fle  b.fr.llS   lovered   lA[o..  60-[o  80-cd)-
deep  borehol.e  4  ca   ln  dla4ccer  uncLI   the   plate   ls
flu.h  vlch  Cl`e  ground  .uT£.ce.     Thl.  steel  plate
•c[®   a.   a   €t.ouod   se.I  and   a   pl4[form   Co   .Cat`d   on
will.   flrlt`8   the  gtid.     ITie  vel8hc  oE   the  Shooter   on
the  pl.te  and   the  .oL.g   (Lt   of   the  barrel   to   tl`e
borehole  vall.  help  €..I  tl`e  gun  [o  cl`e  groul`d.
The  rlf I.  can  be  equipped  vlth  a  source  eet`8or  or
clo®ut.a   x.tech   [®   8clii.r.i[i:   ;I   [luc.   hrc:`k.      Ftrli`B
cult   b¢   doi`e   elcIIcc   GIL.clrlc:`lly   by   s.)lei`olJ   a.
o.1i``i^lly    by    p`Itl(nr,   tl...   rrli:i...!r.      Tli`.   Il.i-Iili`iLc    .5u-
callbcr   velgli8   aboul   Jl)   .<t!   ;`iiJ    I..   a...3lly   ltJo-|iu.tioii
portable.
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Tl`t!   dowi`l`ole    .`0   c;il.Ih.:I.    iii.®J`i`:|.¢    frui.   b    I:a    lz   ill!

g[eacer   recordable   Sets.`Lc   ei`ergy   a:   equLvaLenc
offsets   Ch.a   tl`e  sllenct:I   surfacl.   .50  calLber   (Els.
I).     The   lI`c[eac€d   recorded   energ}.   boog[S   the
$18nal-Co-noise   enough   [o   s`.bscdn[!alLy   clean   ui)
the   record   ®eccloA.      The   source-[o-closest   geoplione
of fset   lfi   fig.   .L   ls   43  a.      Besides   :Ills   nc[1ceable
lncTease   ln   recorded   selsilc   eAet's:..,   a   corlslscet`C
20-40   1]2   ltoos[   lri   [l`e   do.alnal`C    f rei`iei`cy   of    Cl`|.
Source   uave`et    ls   cliardicterl..Clc.

tn  p[evlouS   ShaLLov-source  coap.:Lsons   (Miller   e[
al.,1986),   the   sucfac€   .50-callbe:   pet.for.ted   com-
p&r4bly   [o  Hlnl-?riaacoTd   and   a   lo-6au8e   auf fAlo
gun   lf`   CoCAl   ener8Lv   aml    f rcq`iel`cy   f ?ectruni.      Tl`e
noted   Lncree.e   La   rre.]u¢ncy   .il`d   energy   vould   o.`ke
the   do.nhole   .50-callbet.   rl€le   co..p`|t..ble   to   the   8-
g®u8e   But f&lo  goo  vhLch  vag   .iooi`g   :he   best   sources
Cesccd    for   refle::loo   er`±r3y   ve:si!i   3cout`d    t'olL,
toc®l   energy.   .rid   frequei`cy   a.ol`cei`c.
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Downhole   50-caliber  Bifle

Field   File

10  meters
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FIG. 2._Jrhis  Single-shot  field  file  wit`.ri  an  AGC  applied   illustrates  the._riiqh  freg±i±ELcle=
and  therefore  the  resolution  easily  obtaina3ie  '~.=ch  a.do`mhole   .50-cal.
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Surface   50-caliber   Pifle  -vs-D.ownhole  50-caliber  Pifle
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85   msec  Peflector  Wavelet

Amplitude  Spectrum

250                  500                 750                1000
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FIG.  3.
-The  amplitude Erd!-i--6f  the  ref lertion ulse  at  85  r.sac  is  almost  3  octaves



Eight   Shot   Vertical   Stack

Downhole  50-caliber   Bifle
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Jlin . MAI tKIAL
~ILJLJLJL    SAFETY DATA

OCEAN®    Networt<
EMERGENCY  PHONE  1 -80®OLIN.911

SECTION   I  -IDENTIFICATION
CHEWIC^l N^WE . SYNONYMSIndustrialAmmunition  8  Gauge         (Small   Ams   Amunition)

CHEMIC^L  F^MILY FoftwuL^ TF`^OE  N^NE

Not  applicable Mixture Not applicable
OEScf`IPTION C^S  HO.

Container with powders and projectile Not assigned

SECTION  11  -NORMAL  HANDLING  PROCEDURES
Pf`Ec^uTioNs To  BE TAKEN  in H^NoiiNG AND STof`^GE

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

PfloTECTIVE  EOUIPWENT vEWTiLI\TioN  REoumEWENTs

Ey..                Safety glasses or goggles Local mechanical exhaust
ciov..              N one necessary ventilation recommended during
oth®r                Hearing protection recommended confined space discharge.

during discharge

sEerioN  Ill -HAZARDOus  INGREDIENTs

B^SIC  H^TERI^L                                                        °=WL^                     lo so                    LC 50                        SICHIFIC^WT EFFECTS

l`ead 50ug/m3 No Data No  Data. Eye irritation, fatiguedisturbanceofsleep

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
FL^SN POINT          Not OSH^ CuSSIFIC^TIOH•...      - FL^WN^BIE|      |oWEF`      I      UPPEFl

EXPLOSIVE - -•.;..-- |'Wlts
EXT"oulsH"c HEbl^                              Deluge wit-h  water,  material is self-oxidizing.   Flood  with  Water

to  fitrht  fire  find  to ¢riol  shell.a.
SPEcl^l FIRE  H^ZJ`f`O I  FIFtE FIGllTING  Pf)OCEOuf`ES

Evacuate area.   Fight fire from  an exDlosion resistant location.

SECTION  V--HEALTH  HAZARD  DATA                 -i--':,    -.I`-`  ,.`r' ..-.-



SferloN  vl -TOXICOLOGY  (Product)          (Si.,ial.i.   Aris   Ai-mu`iit i.`7r.

SEaloN  Vll -SPILL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^CTION Foft N^TERl^l REL£^SE OR Splll
Remove  all  sources  of  ignition.    Wear  goggles  8,nd  gloves.    Use  non-sparking  utensils  during
cleanup.    ]f  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  number  shown  on  the  front  of  this
sheet.

TRANSPORTATION  EMERGENCY,  CONTACT CHEMTREC 8O®424.93cO
WASTE  OISPOS^L NETHOO

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 aJ`d local
regulatory agencies to ascertain proper disposal procedures.

SECTloN  VIII -SHIPPING  DATA
a.a.T. cuss                                           Class c Explosive       om{-I)

sECTioN  Ix -REAerivlTy  DATA

SECTION  X -  PHYSICAL  DATA

WEITIHG  POINT               N/A v^PoF`  PRESSURE                    N/A VouTILES                                     N /A

Boiiiwc roiNT              N/A soiuB!Lltt in w^TER          N /A Ev^romi'iow RATE           --.|{.4L_.VAPOROENsltt(^Ir.1lN-/A

ispECIFICGf`^VIT-Y  (H,O-1)          N/A pH                                               N/A

lNFOBMATION  Fuf]NISHED  BY:

1475

C.  C.  Nconan
(203)  789-5436

DATE         Novemberl6,1985

D®partm.nt ol Envlronm®ntal Hygl®n. and Toxlc::
(203)  789.

olin  cOF]pOF]ATioN
120  Long  f]idge  f]oad.  Stamlord, Connecticut 069C--

OCEAN®   N®twork
EMEf]GENCY  PHONE  1.80C}OLIN-911



in`alchai in/dy Data §h.cot  .     .
W.yb. `i-.a tochrwh    .
OS"'. }1.I.rd Cornrnunlcal.loo Stand.rd,
29 CfF`  1.10.12cO.  St.nd.rd mud t-
con-I.4d lcr p.cue rqilmut

U.S, Department ol L.bar
Chap.`iorul S.I.ty .nd He.lth Admlnlltr.tlon
(Woo-M.nd.iory Fom|
Form Applout

OM8 No.12184072

.«?.

®®TTFTl  |^- l}..a on I.b\ .rid lJ®
All  Shot8h®11  Armunltion

une~".tr„,de`-b=LELrlr==%r=5k:#5#L=
'  .    Scahol    ..-szhall  Arms  Aminltlon-

LIIrllr'Lr,r , llme Em.Oerq/ T-lAlrnb-    .
Reninqton  Arms  Co. ,   Inc. (501)  .   676-3161

^LIL.... O*nb.r. Sde* C*/. Sdeb. .nd ZP Cot-1 T.l®phan. Nutt>- b. hfro.th
I-40  I  l]1ghvay  15.       . (Sol)      374-2246

Lonok®,   Ark.ansa8        72086               .    .    `    .          ..
0,I, P,pud.      8-12-86    .

•,, Siot\-`ilr. ol prty.t-Oquo       .        .
W.G.   Bell,' Cheln  Lab  -Technical  Section

S.ctlan I - llazirdou. Ingfodl.nti^dontlty hfom.tlon
|hio

11-I-rdf).. C=Fjij=jii== Go.d. chiml¢-I b.rthc common hl.in-(t»        esll^ PEl           . ACSH TIV             f`iasfj=ifiijed           *
Lead.,   Inorganic  and  1.Cad  ccapounds.                     50mg/M

lr®enl.c  .nd  c \|nd e                                                   1
Anthon and  ccm nd&                                                        500  b
Bariun  aha  co"pound8                                                        5oo  mg/M3.
tlltroglyerln   (0.05  rm  akin)   500. zblcrogralns/M3  of  air

Dctr  -  "Small  AIns  Aminition"
•.     Cla8.  C  zb(Plo.iv.

UPS                     €  OOu-D

S.ctlon Wl - Ph)plc.I/Ch.mlc.I Ch.r]ctort.uc.
eoho pob                                  . s#Effilt£::)

I.ot  applicable
V.par pn-.Ir. (mm }10.)     . Wdirq rm

Not  applicable Not  applicable
veg arty pe . i)

irgivLulr„„oTApftt.caLLeNot  eiJpllcable

apdh.Tead  styphnate  -Insoluble/  I,Cad wltrato  -127  gn/10occ Water -loo.C-Idfty
Crayleh,  Gray,  Sllv.ry  Nat.rlal  i  No  odor

S.ctlon tv - FIT. .nd Explo.loo l1|zzird a.I.
Fwh PtH 0~ uq FL- LJTb un ra

Not  applicable Not  applicable »^ N|
Eahong Lq

Material  18  ielf  oxldlzlng)   flood  vlth  vater  to  £1qht  £1re. and  cool  .h.1l..
SfLel Fh Fpro Pee.ELM  .

uT#elT.T|ET¥tg#e when  exposed  to  flan.  and high  temperature..



s.ctica v - F]..ctlyrty D.I.
Stuty U- Cdriuco®^Vct]        Fiane8,   sparks,   percussion  or  shock  and  high  .

SLth
X texperatureg   (130®C)

lrlcorr`o.tlblllty (A/./.r/./. lo Arod  .. Strong  mineral  acldg  and  alkali.
ti.z]rdc]I.Diiiic]Liiei;iLuut-utijcrBirFrtbd Orldes  of  carbon,  nitrogen  and  lead  fimes.r- rty Cho Ccr~t°^ut       Heat,  fire,  s€atic,.  £rlctlon  and  Perc`]Ssion.

Wu Not Cky
X

SectJori Vl - He.l`h Hazard b.ta
F`cL4..| o. Ejtry:                           lnt`.I.lion?       Fumes Stu?   cuts  or  abrasions  -REtrl?cles
tTn#* `ffi;€engctoria ,  enbryotoxin , "1nutrition,

Weakness,  mental   confusion, allor  -
tr.eat  per  general  lead  expos`irei.  headache  and  nausea

C=*ri:E€!-i-i ----mpt                                uce Ltor`Pd7                   Con '`€"d'  Lead. Yes

SiprrfsyrrvbT-a/E-b      .      Refer  to  health.hazard  above.           `                                        .     ..

LL± Car`dttlon.    .
GEita;F Aqrutd try EXFnl- Gastrointestinal  tract; kidneys,.  blood  and  ceTitral  nervous

Bye ted.          (CNS )
En~rdfHAIproc-         skin.  £iu8h  with  wateri  i£  Swallowed  5eck  medical  actention

inediately.
S.ctlorl VII - Pr®cautlon. for S.I. H.ndllng .rld u®.
S[.p. I) 8. Tut-A C... W.H.I I. Pet.I_.ed tr Spdd                                                                                                       .

Use  non-sparking  equipment  to  cleanup  and  store  shells  -a`roid  ignj.tlon  sources.

JFa_t¥_1¥ b_e  b`)rned_ p=£_'_?ppxpp_I_i?t: __£_e±_E_I_?_1?  state  and  |oc?1  regulator¥ageEig[=
contact

Pbc±- ro 8. T.ho A H-rdy .rd S!fho

f`efer  to  r®l®a8ed  or  8pllled  ddtd. abo`r®.
Ch PT-ed

Label  containers  -  "Small  Amg  Amminitlon"  rear  gloves  and  6hrapr.el  protection.

S.ct)orl VllI - Control W...ur..•--F±±FiEfitF#;iH-
osm    SA/HJj=/sc"

v,a,a. I -,,,, ®,„/,,,',



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

C^S  P€CISTf`Y  NO` tlw hv CH[WcO N"t(Sl

- -, --  -#'ffi'dii!:I,!i##'f

7664939 37 Sulfurlc   ^¢1d

7732185 A Water N^

7439L221 90 Lead       _     _ _N^_

S€p`ra_t_a,.I --
D4remt€_

_     __--   _      ,-__~

-_     _,--_-_

¢aSo   .nd   Coveri      PolyDro'DyLet`e   (Plaa[[cl   ___

SECTION IV - FIRE AND EXPLOSION HAZAFtD DATA



---' ,+I,, ,  , -IILJI,, , , , TIA`InTIL/  I/A I A

•.     -.    .      .`        .       .             .    .   ..        ..      .  ..        ,          .                      ,,!desr.ruj_¢1onofbodytigeu._(burTLli).
•,IF#.--_` - .' .. .•        .  --   -

Stin ccotm G   Oth.I (...¢ifyl   tn.e.|IM^FW  ROu S Of ENtrv    lnti.I.lion  a

cErty AHO FmsT AIDI-- •ieefouus   Do  not  .I A,move   to   f

ttentl lNCESTloNi      eo  NOT   ltiduc.   voulllln8. O|v.  Bilk  Ilk.d  V1¢h  .8t

SECTION VI-REACTIVITY DATA

ST^®'|ltt

-uNst^Ilt
Coh6TiJiiJF-Sto^VOIO--

)1A,|t
X I_-iNcoWP^   8WltY in.I.0..I. lo-Wi:d'uxtdi2InR   or   rcduclT`fi  malerial"

HAZ^IOOU   O[COMrosltlow.e°ufTS:  Th.n  heated.   "a   emi[  hlchlv   taxlc   fun.g.

HAZAlloouspniyL*cF)iz^"o w T  uAv occun coNDmoHs To ^voto ---_-
w'|| Na, oc¢giv

•-'
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|MATERIAL SAFETY DATA SHEET
PflooucT SA   825   0012

SECTION I

P.3

Wl\ TCcj MAr`uFACTualNG civisloN oR 6U6SloiAAy

AO Of`ESS  tNUMBEft. STaEET. city. STATE. Zlp  Col)Fi

1

EMEf]GENCY  TELEPHONE

Y6¥5F,AC"ER     782-5800
ciilEM TREc 1 uteooi .24.a,goo

CHEMICAL NAME Ofl FAMILY FOPIMULA

I         Petrol eum  Hvdrocerbctn NA

'SECTION  11  -.CHEMICAL AND PHY8lcAl.PROPERTIE8 tcw EMICA L...                                             ` PHYSIC.Al"
h^:Afioous OEcOMpcisiTiaN pflooucTs FOF\M.         Seml-sol  ld

6 Carbon   monoxide.   carbon   dloxide ODOR
'N CoMPATiBiLiTv iK€Ee ^w^t Fdo~.I Mi hera Oil

Strong  oxidizing   agents   such  as:     hydrogen   Peroxide, ^PPE^R^NCE
6 chrc)mlc   8cld.    bror.ir`e '0 Grease
UST ALL toxic AND iiAZAROOus iNaAEDiENTs7Nc,ne

''
|OR       Amber

P'2 ECIF€  GRAVITYiw^TEB-1tRT 0.92¢

`BEctioN IIi.i:.FinE...AND `t3tpLO 8ioN t]ATA.'
®Ou-,NG PT.'S

NDA               .c,f

spEciAi fif`E FKiHT iNG fsocEouaE6 flASH POINT IMETHOO u8EolAboveC.a.C.

T

Fire  flghters   should   wear  an 2C     '90   .cJJ4_.i MELTING pT. RA.c
eoproved   self   contalned   breathlng fl^MM^BLf llMITS ttNDA27LOWER_UPPER_

I,
f

4
aoparaTus.              .

SoluBI|TTYWW^T(A

Npc I  1 c I b I a
UN uSU^l FIRE ^NO EXPLOSION H^ZAADSDensesmc>ke €xTINGuieHiNG^aENT5

8 DAYCH£MICAI    X CO. ^T          ?5   .c
=w^TEftsmAy    ± fo^M.w^TEflFOC%5ANO/g^n"21|OTH,I '1

A  VOLATILE'a(aYWT*'
NA

2e
evAp. ft^TE'7'-'1

NASECTION IV - liEALTH HAZAflo DATA
pEftMlssiBiE cONCENtAAtioNs tAmi

I,
VAP07` PflESSIJRE'mm110,t20,C' NA

9 NDA
NAEfFECIS Of OVEREXPOsuk£ 1, '^m  I  ,I

10 May  cause  skin  a  eye   irrltation  with  prolonged  contact. H ^S IS NA

ToxlcoiocicAi mop!hTlfs JO ®H'1

3' Ned. STtoN6 ^CIOsT.oNcaAs:
Eh nGENcy fiasT Aio pflocEDUBES

32 EyEs     Flush   With    large   amounts   of   water   for   at    least    15  mln. STABLE                                                               -X

Call    8   Dhysicien    Immediately.
3'

uNstieLE

3J€J! SKINCONTACT        wasn   thoroughly   with   soap   and   water. V^:€,::TFY              too<o'n°S**=2

NHALAT|oN                 NOA

_z3j            NA                                                                                   i

FswAiiowEo        Call    a    PhYSIciEn    Immediately.
''.

N4  -Ncii Appiic^eiE                                            NOA.  NOOATAAVAii^BiE                                       <-less HA^.                                      >. MoaETh^N

Paa,  1  o'  2

cop,',. ,:c.  i S ',  ;i  € -
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MATERIAL  SAFETY  DATA  SHEET      pRooucT

P.4

SA   825   0012

a_ECTTONvll=.8PECIAl`ff]ECAUTIONS
pflEc^uTIOAls TO aE TAKEN IN H^NDiiNG ^No STORACE

a        Keep  containers  closed.                                                                                                                              .

8EonoN vfil - TFtANsrofITATioN DATA

uNR€Gul^T€O  a u.s. a.o.T. .f`opEA 8HippiNa NAMe

td                   .Y a.O.T. 7

AECuL^TED u.a. O.a.I. H^ZAf`O CIASS I.a. NUN,€a

J..                        aY O.a.T a 9

TR^NSPOATATIO'N£MERG£NCYlNfoAM^tloN Raeo

ffiBOuSIA£Qu,AEo
FaEiaHTciA5slFlcATiaN                             ,         .,__    --

CHEM  TREC1.t8OOI43..9aoo 5Z Petroleun   Lubrlcatin§  l.Tease
S.£Cl^l TRAN€PoflT^TION NOTES

|J
SECTION IX -COMMENTS

`£,                                                                                          KEEP   OUT   OF   F!:AC.ri   OF   CHIL9REN!!

W.  believ.  th.  6ta`em®nts.  technical  Information  end  .®comm.ndatlona  contlin®d  h.i.in  are  reliabl..  but  they
ale  given  wlthout  warranty  or  gu8r.ntee  of  ]ny  klnd.  expr®s8  or  lmpljod,  and  W®  a$8um®  no  iesponslblli{y  for
any 10[..  damBg®,  or ®xpenBe,  direct or conloquontlal.  arising out of th®lr use.

i.36  2  o!  2



f]Uci   Z1     '911J:0.=.    CHGO    LJ15i     llirl'_I.lijl     url_LLiiiL-ill

MATERIAL  SAFETY  DATA  SHEET      pRooucT

t-I .  +

SA   825   0012

sECTioN vl i. HANBUNa.oF spiLIE aft iEAKs
•ROCEOuF`ES F0f] Cl£AN.uP

Transfer  bulk  of   material    into  another  container.     Absorb   remainlng   restdue  wlth
.Oroper  absc>rbents   such   es   sand,   earth,   vermiculite.      Sweep   up   and   dlspose  as   Sc)lld
waste   ln  accc>rdEnce  to   local,   State  and   federal   regulations.

I

WAS TE OISPOSAl

By  methods  conslste.nt  with   local,   state  and   federal   regulatlons.
2

§ECTroNvifit.`spEclAt..pRECAu"oNs
pR6cAUTioNs TO aE TAKEN IN HANDLING ^No STORAGE

„        Keep  containers  Closed.                                                                                                                            .

SECTION V«l - TFtANS.OfITATION DATA

uNfieGul^tEO  a u.S. a.a.T. .ROPEB 8HIPPING NAME

3j                   .Y D.O.t. 47

a              a:?UOL,^oT!O  E
u.a. O.O.T. HAZAPO CLASS I.a. NUMBEa

a

TRANSPORTATION Aa LAaELtsi REQulAED

€MERCENCYlNFOAM^tloN bo G'•.
fREIGHTcl^5siFlcATiaN

CHEM TflEC1.i8Ooi.3.-.Boo 92 Petroleu.   Lubricetin§  C`rease
epfcL^L TA^NspORT^TioN NOTEs

4£ 9J

SECTION tx -COMMENTS

KEEP   OUT   0F   a:AC.a.   OF   CHI  L9REN!  !}£

\^/.  bell.ve  the  6tetcm®nts.  technical  informa(ion  end  .®Comm.ndatlot`S  contlin®d  h.rein  4r.  reliabl.,  but  they
are  given  wlthout  warranty  or  gu8rBnt¢e  of  iny  klnd.  .xpr®88  0f  lmplj.d,  end  W.  .$9um®  no  lespaniibllity  for
any  loss.  damage.  or .xpon8®,  ditect or congoqu®ntlal.  arising Out of th®lr use.

P3J6   2   c'   2
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MATERIAL  SAFETY  DATA  SHEET

P.5

T6x   no.     :    042840
Pr'nt   Oat®

Last   R.vlewed

a

part   Type   and   NIImbar                                                           Part   name
----------®---,----1,.,---~--------,-----~,1,-------.--+-+,------,~1---.-----,------
Ford    -U.S.     BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

Motorcraft    -U.S.    BATTERY    -ALL                                BATTERY    ELECTROLYTE

------- I -------- I ----  CHEHI CAL   AND   PHYSI GAL   PROPERTI ES  ------- I ---- I --------- I-.

Haterial    type                          LIQulo
Sp.clfic   Gravity                 I.250
BOHlng   point                          >135   C
Fla5h   point                              Not   AppHcable
pH                                                               2.0

----- 1[ ----.--.-   HAZARD0l'S   AND   OTHER   0 lscLOSE0   lNGREDI ENTS   t---il--I ----.. I -----.

P.rcent            Expo®llre   Llmlt=   -TVA
Range               ACGIH/OSHA(where   est.)    CAS   number            Chemicll    Name

-,,----,- ~    --I---11 ------- I ,-----,,----- 1,,        ,~~ ,----,,, 1 ,----,,-----,,---
>30-60                I/1       mg/m3                                       7664-93-9               SulFURIC   ACID

Expolure   Limlt   Abbrev!atlons
~-----,-,,---I1,,---1,,--I,,,,~---,,,,

TWA.Tlm.  W.loht.d   Aver.a.     C-C.lllng
S-Short  T.rm   Expo.ure       Sk-Sklr`

Sol-Sotubl.   Compound£             Fu-Fumes
I n&ol-I n.olLlbl.   Conpound€         Du-Duet +.,-
------------------ I---i---RE a ULATORY  I N F ORAAT I 0N  -----------------------

This   product   Cent.Ins  .   toxic   chemicel   or  ch.micat[   IubJect   to   the  reportln¢
requir.ment8  of   S.ctlon  313  of   Tltle   Ill   of   the  Super fund  Amendm.nts  and
R.authorlzation   Act  of   1986   .nd   40   CFR   Part  372.

•.-------------- I ---.-.---.- I--S 16'NAI WORD jiiii± ----
DANGER   --CORROSIVE

..r .......... _ ...... Tr ...... _... H AZAR0 S I ............................. g= .... =
Contact  wtth   this   in.terial   wlll   cause  burne   to   the   skin,   .yes   &Ad  mucous
in.mbran®8.

Wh.n   tr.I.  mat.rlal   com.i   into   contact  with   the  ey.a,   I.riou9   dimag.  may   occur.
Thie   product   15   h.rmfu.I   by    lnhalatlon,   wh.n  -:n   contact   wlth   th.   3k!f`     .
Ind   if   lt   is   .waHow.d.

Thi6   product   ls   irrltiting   to   the   eyes,   reipiratory   €ylten  and  .kln.
This   product   may   bc   fatal    lf    lt    IS   SwaHowed.

FORD   MOTOR   COMPANY
OEAfiBORN   Ml   48121
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P.6

Tc>x   no.     :    042840
Prlnnit„oE/ao92e/902

I--I-IJi ---- Ill ------  TARGET  ORGANS   AND   NED I CAT   CONDITIONS   ---- I-.I ---- I--I] -..- I--=

Ov.rexpc}silre   to   &am.   h&zardou8    lngredlent&    in   thls   prodiJct   A.3   been   found
to   affect  cert.In  body  .organs   and   Syaten8   ln  cxp.rlm.ntal   anim.lt   .nd/or
humane.   The.a   include:

Lungs
Teeth
Skln,   Ey.a.   and  R.epir.tory   Syf ten

---.-------.-- n ------  ACUTE  Tax I C I TY  I NFORMAT I 0N  --------------- I-Ill---J|=

Based  on   th.  compo€ltlon  of   th.   product   ld.ntlfled  by   th.  auppller,.
Selected   portlon.   of   the  acute   toxiclty   Information   frof7i  RTECS   ar.
=5   follows:
7664-93-9         SulfLJRIC   ACID

Inhal.tlon,   .dult   rat,   lc50  -;10  mq/m3    (2   Hour.)
Oral.   adult   rat.   L050  -2140  mg/kg                                                          .

---b ----- II---J[±+-I---SAF E  H^NDL I NG  AND  STORAGE--±±±±=±±=t=-=T-===== --------

Oo  not  breath.  gas/fupe6/vipor/.pray.
ui.  thls  product  with  id.qu.t.  v.ntll]tion.
Bo  not  g.t   tlil.  in.t.rlal   ln  your  cyee.   on  your  tkini   or  on  your  clothln!.
Thl.   lS  an  oxldl2lno  .g.nt  -avold  brlnglnq   lt   Into  cant.et  wlth  .a
organic  material .

Star.  this  product   in  .lr-tlght  €ontalnar&  aw.y  fron  &ollrc..  of  h.at  ind
I ight.

----- II ----. I.Ii   F IRE,   £XPIOS ION   AND  REACTIVITY   INFORMATION  I ------ ===±== -------

Brinqlng   thlt   product   Into  contact  wlth  conbu8tlble  materill   in.y  c&uee  4   f Ire.
EXTINGulsHEa    INFORMATION:    Dry   chanical,    foam.    carbon   dloxlde.
LJte  w.tar  to  cool   flr.-.xpo..d  cent.lners  and  to  protect  p.I.onnel.
W..r  salf-contain.d  br..thing  app.ratu&.
Thl8  product  can  ra.ct  vlol.ntly  w|th  reducing  ]gentf  and.organlc  d&t.rlils.
Explo.lve   HYDROGEN   GAS  may   be   r.1.a..d   lf   aqu.eu8   aolutlonf   of   thl.  inat.rlal
come   into   contact  wlth   reactlv.  metil.    (IRON.   ZINC.   ALUHIWun)  .

Irrltltlnq  and/or   toxic  fun.I  and  g.Seg  may  b.  onltt.d  upon  h..tlng  ot
this   product.

The  d®conpo8itlon  of   thls   prodllct  wlH.release   toxlc   |ala..

FORD   MOToft  COMPANY
DEAR80RN  MI  4€121
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P.7

Tcix   no.     :    042840
Prlnt   Date   i   o4P/aoo2igo3

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

Use   of   an    impervious   aprc]n   1=   recommended.
uae   g.ncral   v.ntllation  .nd   u8®   local   exhalJst.   wh.re   posslble,    ln  confined   or
enc`o5ed   spaces.

Wear   ch.mlcal   goggl.8   .nd   fac.  8hleld.
The  use  cf   ncopr.ne  glciv.e   :s   recoon.nded.
IA  c.se   of   cont&et  wlth   .y.a,   rln]e   imedlately  with  plenty  of  water   and   e.ek
medical   advice,

lm.dlately  tlk.  off  alt   eontanln&t.d  clothing,
If   th.  materlal    lt   ewallowed,   get   lrmiedlete  medical   attention  or   adv:ce   --
Giv.  sev.rat   gI.8ses  of  w.ter  or  mHk.

It   a=£/fume/vapor/dust/ml5t   from  the  materlal    is   inhaled,   renove   th.   affected
per.on   lmmediat.`y   to   fresh   air.

for   skln   contact   flush  with   large   amoilnt5   of  water.
Wash   thoroughly  af tar   handHn§.

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

lf   the  product   ia   lnge&t®d.   probabl.  miicosal   a.mage  may   contraindlcate   the  use
of  ga&trl¢   lavage.     Tr.at   th.  affect.d  person  aoproprlately.

I--n-.-I ----------.--  SP I LIs i  LEAKS  ^NB  D I SPOSAL ----- ae -------.---- d==:
.

EHmih.t.  all   .ourc.I   of   lgnitlon  or   fl&mm&blee   that  may   con.   Into  contact        .
wlth  .   .pill   of   thlS  mat.rl.I.

Avoid  .kin   cont]ct   and   lnhalatlon  of  vapors   durlng  dilpo..I   of   SpH1..
Dlipol.  of  wast.  matarl.I   .ccordlng  to  Loc.I,   Stet.,   .nd  F.d.I.I
Envlror`m.fit.I   A.gulitlon8.

In  caBe   of   larg.   .pill®,   fonow  all   facHlty   Em.rg.ncy   RelponSe   Procedures.

------ I -------------.-----. S P EC I AL  REMARKS  -..------------- d .--.----. ===-

Thil   I.   .11.cldlc  mlt.rlal.

------  u.  S.   OEPARTAERT  OF  TRANSPORTATION   INFORMTION  ---c±=I ----- i=

Shlppino   flame:    BATTERY   FLUID,    Aclo       LJN:    27$6
Hazard   Clasel   Corrollv.  matarlal                  Hazard   L]be]:   Corrosive

The  ch.ml¢al   n.mc(i)   appearing   below.under   `'NME"  must   .ppear   .e   part   of
Shipplno   n&mc   IF   the   -mount   being   Chipped   in   each   coAtalner   exc.eds   the
quantity   .horn   under   ''RQ'`   below.     The   letter:   "RQ"  mu6[  also  app.ar   as.plrt
of   the   Shipplng   name,    ln   th.   form!

•hlpp:ng   name.    ch®mlcal    h.me.    RQ.
For   U.S.      Shlpmelltl   from   Ford   F8ciHtieS,   eonsult   the   `'Ford

Haz]rdou.  M.terial   Tran!portation  Control   Progr.in"  hlnual,   oth.rwis®
con8ult   49CFR172.
------ CAS--RQ (lbs)   -NAME -----------------------.------------------------------

7664-93-9          2777          SuLFURIC   ACID

FORD   MOTOR   COMPANY
nEAF]BOF=N   Ml    48121
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P.a

Tox   no.    :    042840 a     print  a.te  ,  oF/aoq2e/9#

------------------------- I-PREPARAT I 0N   I NFORMAT I 0N  ------ J .------------ I---E=---

Health   and   safety   Information   h&e   been   evaluated   by!

Environmental    &   Oc¢upational   Toxicology,      Occupational   Health   6   Saf.ty,
ford   Motc)r   Company
goo   Parklan.   Tower:   W.9t,    Dearborn,   Ml      48126        ..

For   .mergency   can:       (3`3)    337-3182   -or-(SIS)    323-0045   (for   24   hour   I.rviee)

Thls   i[   ttie   last   page  of   thi.   MSOS.

FORD   MOTOR   COMPANY
OEARBC)EN   Ml   48121
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MATERIAL   SAFETY
DATA   SHEET

AVOCO   REGULAR   LEAD-FREE   GASOLINE

MSDS   NO:       02003992

P.9

MAltuFACTURER/SUPPLIER!
Anoco  Oil   Company

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

"ERGENCY   REALTH   INFORMATION:       (800)    447-8735
ERERGENCY   SPILL   INFORMATION:       (800)    424-9300

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

IMPORTART  CoxpoRERTS:      Gasoline   (C^S   8006-61-9)   ^CGIH  TLV   300   ppr,   S?EL   500   PPD;
OSIIA  PEL   300   ppn,   STEL   500  pen.
Een2ene   (C^S   71-43-2)   ^CGIH  TLV  10  ppn;   Osm  PEL   1  ppb

!3::I;u:g::ie£::i !A!rhi:io:;:;:i lan.
WENING  STATEMENT :    E::a::ie::t5::::Xe::r::::: in::!ha::P::u:::feE::!i:A: £C&rva:::::a

and/or  a8plrdted  lAto  lungs.   Can  produce  skin  lrrltation  on
Prolonged  or  repeated  contact.   U.e  ag  zbotor   fuel  only.   LorLg-tern
cxpo&ure  to  v&porg  has  caused  cancer  ln  laboratory  &nlnals.

"I§/NFPA  CODES:.(HEALTH;1) (rLAmlAZ)ILITV; 3) (REACTIV[TT;O) ,   Chronic   h.alth  hazard

APPEARANCE  AND   OI)OR:     Clear,   bright   liquid.     Characteristic  odor.

!iEALTH  mzARI>   INFORMAf ioN

EFFECT :

FIRST   AID:

PROTECT I ON !

EFFECT :

rlRS,  AID:

EYE

High  concentrations  of  vapor/nlst  Day  cau3.  eye  dlf)confbrt.

Flush  eyes  vlth  plan.ty  of  trot.r.     Get  nedical  attention  if  irrltatlon
p¢r8 lstg . .

Non.  r.quired;  however,  use  of  eye  protection  ls  good. induftrlal  practice.

.SKIN

Prolonged  or  r®peat®d  contact  c.n  defat  th.  .kin  and  lead  to  Irritation
and/or  dernatltls.

¥::¥u:¥£:a:£a::}na:itth:::Eg#§. :i:::. an:e::;eb::::ri::::? C:::hi:gifai
attentior`  if   irrltatlon  develops.

PROTECTION:  .  ^vold  prolong.d  or  rep®etcd  akin  contact.     Wear  protective  clothing  and
glaveg   lf  prolonged  or  rep¢eted  con.tact   i6  likely.

EFFECT i

INHALATION

Vapour  hamful.     High  vapor  conc®ntration8  can  cause  headaches,   dlzzlz`ess,
drovgine8g   and  nausea.     See  Toxicology  Section.

FIRST  AID:        If  ®dver8e   effects  occur,   remove  to  uncontanlnated  area.     Give  art!f icial
respiration  lf  not  br.athing.     Get  in.dical  attention.

PROTE:CTION:      Use   with   adequate  ventilation.     Avoid  breathing  vapor   and/or  mist.      1£
ventilation   ig   inadequate,   use  NIOSH/USHA  c®rtif led  respirator  Which  will
protect  against  orgenlc  vapor/mist.
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MSDS    NO:        02003992
\

PAGE   02   0F   05

HEALTH   HAZARE   INFORMATION   -   coNTlroED

EFFECT :

FIRST   AID:

P.18

INGESTION

Low  viscosity  product.     Harmful  or   fatal   if  agplrated   into   lungs.

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

FIRE   ANI]   ExpLOsloN   INroRMATloN

FI.^SHP0INI :                -4 50F

FI-Al®{AELE   LIMITS:       UPPER:       7.6%      LOWER:       I.3S

AUTOIGNITION   TFTERATURE :                     4 95®F

EXTINGUISHING  MEDIA!     Agents   approv.d   for  Class  8  hazards   (..g.,   dry  chenlcal,   carbon
dioxid.,   halogcnated  agents,   foam,   steam)   or  voter  fog.

UNUSUAL   FIRE  AND  EXPLOSION  mzAsOS':      Extr.in.1y   flarmdble  vaper/air  ni*ture8   form.
.E*tlnguighment  of   f ire  before  source  of  vapor   ls  shut  off  ca.n  create  an
explo81ve  mixture   ln  air.

PRECAUTIONS:    £::g  :::¥ai:#  :i:::i?A  5::I:::h(:6:&&at:a::A:i::::a:?a  Open  fLapea).

REACTIVITY   INFOE}<ATION

DANGEROUS  REACTIONS!     Avoid  chlorine,   fluorlne  and  oth.r  strong  oxldizers.

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

STABILITY:      Burning   can  be  Started  easily.

CHEMICAL   AliD   PHYSICAL   PROPERTIES

BOILING   POINTS                        80®F   TO                  430®F,    Range

8OLU8ILITY   IN  WATER:      Negllqibl®,   b.low   a.1t.

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

VAPOR  PRESSURE!      7-151b   RVP   (^8"  D-323)

VAPOR   DENSITY    (AIR   -i)i                   3   TO               4
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STORAGE   ANI)   ENVIRO"ENTAL   PROTECTION

P.11

STO£AG!   REQUIREMENTS:      6tc)r®   in   flammable   llqulds   stc>rdg®   area.      Xe®p   Container   claged.
Store   away   from  h.at,    ignltlon  gc)urces,   and  open   fl8me   in
accordance  with  applicable  federal,   state,   or  local  regulations.

SPILLS  AND   LEAI{S!     Remov.   or   shut   of i   all   .ourceB   of   ignition.     Use   voter   spray  to

g£:::5::tv:::::£aL[T::;::cS::::1:::i::i , ;5±E::B:i:;;.  c£::;i:u:Ao:A
Severs  and  vatervays.

WASTE  OISPOSAI.:     Resldueg  and  Spllled  material  are  ha2ardoua   waste  due  to   ignitablllty.
Oilpo&al  nugt  be  ln  accordance  With  appllc&ble  federal,   State,   or

:::::gr:iulations.     Enclosed-controll.d  lnclneration   1g  recorm¢nded
rected  oth.rvif].  by  applicable  ordinances

SPECIAL   PRECAUTIONS:      Keep  out   clf   sewers   and  wat®rvays.      Avoid   strong   oxi6izers.
Report   apllla   to   appropriate   authorities.      USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFOENATION

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

§xlN!   ::i:a:!];;:mt:ai:##: £°;r:::I:ail;/i6£t:#:bi:: ) .     Acute  dernal  liD50  greater
acute  cxposure8  by  this  route.

IN}1AI.ATION!      Acut.   LC50   20.7mg/I   (rats).

INGESTION:     Acute  oral  LD§O  l8.8nl/kg   (rats).     Practically  nontoxic   for  acute
expoBur®s  by  this   route.

Excessive  .xpo.are  tci  vapors  nay  produce  h.adaches,   dlzzin.sa,   nausea,   drovsl-
ness,   irritation  of  eyes,   nose  and  throat  arid  central  nervous  system
depregBlon.

!i#::!i;!i!;:iv#!::;fi::i:i!:;::i!i:;:i::;!ii!:!!!;:i:i::i;;:i!!;:i!:::::
tunor].     Re4qlt8  from  aubaequent  sci.ntific  atudlea  sugg.st  that  the  kidney

:#:!:i::£c:r:!a?:: :::a: )i?::rtri:rr::g::::®a;i ::i::eo!°h£:nn£::I:£t i5  The
quest lonabl® .

Inhalation  of  whol®  unloaded  gasoline  vapors  did  hot  produce  birth  defects   in
laborator}.  animals.

Gasoline   ls  a  complex  nlxture  of  hydroca'rbon8  and  contains  benzene   (up  to  4
volun.  *),   toluene  and  xylene.     Chronic  exposure  to  high  levels  of  benzene  has
been  shown  to  cause  cancer   (leukenla)   in  h`mans  and  other  adverse  blood  effects
(anemia).      B.nzcne   ia   considered  a  human  carcinogen  by   IARC,   NTP   and  OSHA.

:::;.::::::eh::d:¥£:n:n:nfa::::::: C::in:a:;:eir:i:::!°:ni°]::: #i::n:::?::a-
wer®   a.en   ln  chronic  Btudle8   or`  xylene   ln  guln®a  pigs  but   not   in  rats.

Aspiration  of  this  product   into  the  lungs   can  cauSe  chenlcal  pneumonia  and  can
be   fatal.     Aspiration   into  the   lungs   can  occur  while  vomiting   after   ingestion
c)i   t.his   product.
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REGULATORY   INFORATI0N

r` . 1 i

C=RCLA   RE:PORTABLE   QU"TITY!
This   product   is   exempt   from  the   CERCLA  reporting   requir.in.nt8   under   40   CFR
Part   302.4.     How.v.r,    if   Spllled   lnta  Waters  of   the  United  Stat®g,    it  may
be   reportable  under  40   CFR  Part   153   if   lt  producog   8   Sheen.

DOT   PROPER   SHIPPING  NAME!      Gasoline,    Flarmabl®   I.iquld,   UN1203.

osrIA  RAZARE  CounNICATION  STANDARE :    ::#£b!§n!i#?:  :i;:ii§:::::S§#:!S=::i:::ns;ts

RCRA   STATUS}

Z!:;a:::d::tc::t:¥:j£:±a::a::ew:!t::Rb::::a:6!t3!o:::€n:a:h:n£:i:oving
Substance ( a ) :

cOMpORENT/cas   NUMBER------------------------------I,--®,----------------
Ethylben2ene   (loo-41-4)
Tc)luene .  ( 108-88-3 )
Xylene   (1330-20-7)

SARI  STATUS:

3§!ag!#u§S(i:sr:!u:::::5::a:: #: £::i:::n#;.g: )::i:}t#i:A# I:::a:::i i;
the   information  given  belovz

sECTIONs   3ii   AND   3i2   OF   sanA  END   4o   CFR  FART   37o:
This  product   is  defined  a8  hazardous  by  osun  under  29  CFR  Part  191a.1200(d).

SECTION   313   0F   SARA   AND   40   CFR   PART   372!
This  product  contains. the   folloving'subgtances,   Which  are  on  the  Toxic  Chenlcals
List   in  40  CrR  Part   372:

COMPONENT/GAS   N"EER                                                                                         WEIGHT   PERCENT---------------,, I ,---------------------, I II - - - I, ~ ~ --------- I - , I ~ ----
Benzene   (7l-43-2)        .
Ethylbenzene   (loo-41-4)
Toluene   (108-88-3)
Cyclohexaz}e   (ilo-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!     All  of  the  componants   of  thl8  product  dr.listed  on  the  TSCA.Inventory.

S-u.PPLEMENTAL   INFORA'i-'ION  .

Gasoline   i8  a  complex  mixture  of  hydrocarbons.     Thoa8  hajor  coxponentg  having
occupational  .xposur.  limits  are:

Btitane   (GAS   106-97-8)   ACGIH   TLV   800   ppm;   Osm   PEL   800   per.

Cyclohexane   (GAS   ilo-82-7)   ACGIH  TLV   300   ppn;   08m  Pal   300   ppm.

Ethylbenzene   (GAS   loo-41-4)   ACGlh.   TLV   loo   ppm,   STEL   125   ppn;
OSHA   EEL   loo   ppn,    STEI-   125   ppm.
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SUPPLEMENTAL    INFORMATION   -   CONTINIED

P.13

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

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

P®ntan.   (CAB   log-66-a)   ACGIH  TLV   goo   ppm,   STEL   750   ppm;
OSHA   PEL   GOO   par,   8TEL   750   ppn,

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

Trim.thyl  b.nzene   (CAB  2§§51-13-7)   ACGIH  TLV  25  ppr;   06m  PEL  2S  ppm.

Xylene   (GAS   1330-20-7)   ACGIH   TLV   100   ppn,   STal.LEO   ppm;
OsllA  PEL   loo   ppn,   STEL   150   ppm.

IssuE   INFom{ATION

BY!

7€G€_
a.   G.   Farm.r,   Director,
Product  Sat.ty  a  Toxicology

I.SSUm!     June   09,   1989
SUPERSEDES:      March   18,   1988

This  material  Safety  data  Sheet  af`d  the   lAforndtioA  it  contains.  ig  offered  to  you  ln
good  faith  ds  accurat..     W¢  have  revleved  any  information  contained  in  thlB  data  Sheet
vhlch  v.  rec.iv.d  fron  Source4  outSide  our  conp.ny.    W.  b.lieve  that  iAformatlon  to  be
correct  but  cannot  guBrent.e  lt-S  acctiracy  or  coxpleten.8e.     Health  and  .afety

ii:!i:!iii!i!:;!i;i!i:i:!!:i;ii:i!:iii;;:i!:i!i¥:;;w#;i:io?i!:i!:i:!!:ii!::i!i;;:s
or   lnplied.
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U.S.  DEPAf]TMENT OF LABof]
Occupatloml €IIaty  and-.Hodllh AdiT]lnl8l[allorl ..

•MAT-ERI.AL.'S'AFET,Y.'.DATA.rsHEE,T\
-,.

.

. ..SECT loN.I     .
HTiffi: 4@i®n|c.I Co.

H i .a   .".`-..coTga'ffi i%acJ:rgi."6#ihan.a. Ii.  6og22   `                                                                '
a.+tuLa^L.I^tA.~O.rroNTn                             .i.-.,`      .      .    .`     ...`           ..    '.' 'v'i#:uh.#i.dw#i'h.I

' OIIOC^| ,WA., OwtJ|^
Mixture

. .;. ,        .        .,.  8E.cTloN  li..HAZAF`Dous,iNaREoiENTS  ,
p^i«T8. pRE9EAv^tiveS. . €oivENT5 I tlv'un'',) Allots MO METALLIC CO^T"OS I TIV(U^''|)

rowEMT. 1,/^ ts, „n^| h,/A
•      CAtALY.T

N/A MO,3 N/A
yeutle \

N/A w.Tkilc cO^Ti..as N/A
thvcNTe

N/A
Ill(A WET^|

N/Anus co^7l.Jo oa Cofi€ Flux
^OO,',V14......,.'N/A .otwtl).    '                                  ....           .

N/A
a'Hlno         .                         I  . . .          .-   .      .   .         . ''/A

}l^zMcoue MI*7uFiE8 Ot otHtl) iiouio®. eoii08, OF` O^sE3    .     . * |Vquh«,I

_    _.

H.thrl.Aicohol                  I        .                                 ..                   '.`"    ..         ."      `. J8 200p

Nonv.1t]henol  gurfeatant               a^S  #    6Oul2-grJ+ 001
-,I

rrtlchenvlmethane       C^9  #  2650i£.8-2              EP^  T9CA  List-Yes Tr,
'       '1.''n

SECTION  Ill     PHYSICAL  DATA
.a,I,.,a.a,w' I,.I                                        . i.       ,i.`.`rli^.     ..`....-. •nect.ico*^vi..o+diit   .     .   '     '     `

•951''   I
^rol nl,qmt I- W, I

N/A
Mn€tw, \,a(A,L( N/AvO|", I,I

v^b.oeyeity(^.~.i             `   .           .         ... ..     h
N/A`  `  .

EV^.OMllo.I A^TE
N`/A-''

loll/.rllTt in w^TtA
',    ,        i         i

^p.E^f`^Nc( Ano OOOR
2i.-.-.

SECTION  IV     FIFE  AND  EXPLOSIONIIAZARDOATA                             .     .  '_.
LA.HrolwTiw-hedu..a         T.a.a.    112   a |^,,`.,^I|,LW',e    ''     I     '                  I              ld      .       I              u,,_1

_I:"aunmau[a'^   in  chonia||,co,  or Aloahol  fo
"tcunm„aH"autfac£Er:eeif.aorfu.ln€d.-tr®athlri

.'    t..      --

.                    .,   ,         .

UWuvilt]'o.I A#tx`.°aet°r®H¥^tEL  .|r  and  nay  t£&'}el

aortBldenbl.  dlgtanco  to  &n  lgnltlon  8o a,

PAGE(1)           -.                                                        (Conllnu.daniev.r.a.ld;)
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PROPERTIES AN;I SPECIFICATIONS

EXCELLENT FOB  "MINl-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emillsic]n  ProdiJcts  are  packaged  in  cortvenier,:
one-pound,  one.half,  one-third.  and  one-quarter  pound  cartridges  anc
formulatecl  tc>  provide  a  Seismic  PUIse  eqiJal  to  c!ynamite  for  clear.  shar£
seismic recorc!s.

Al:hoiigh  classified  as  high  explosive,  seispFLIME/E  emulsions  are  non.
headache arid  have excellgnl resistance to  accideri:al  detonation  by frictlcln cw
im'pact.

Spiral.wcund  1,'4  to  1/2.pounc!  Paper  cartrieges  .are-easily  capped  2nc
waxed to sleep well.

P RODUCT                                        E-1                E-1 /2           E-1 /3           E-1 /4

Weight
S'ze
S,yle
Density (gITVcc)

One Pounc}     1,;2 Pound   lro Pound   i/4 PouncI
21/4x81;'211;2x811/8x8           1x8

49                     S;IN                 S;IN                SNV
i,18                        i.15                    1.15                    1.15

Velocity  (fps)  (L)n¢onfinec|)             16,500              16,000           1S,000          14,500
Deiclnation pressure                          100                   loo                 100                loo

(kilobars)
Absolute Bulk strength                    885                  775                775               775

(car/`cc)
F}eiative Bulk strengtri                       leo                    10S                 105                 105

(ANFOE100)

PACKAGING
Available  in  four sizes to  meet  vertical  slacking  ant

-mini-hole" ap?lications. seispF3lME/E in the one-poiin(

size   is   packaged   in  thin-walled,   easy  couplin{
canric!ges  for  vertical  s{ackjng  or  larger  downholl
shots,

In  the   1/2  to  1/4-pound  sizes,  seispF}lME,''E  it

paekaged in spiral-vyoiJnd paper cartriciges.
All sizes have excellem vi.ate.' resistance and can bi

initiated with a #8 strength STATICMASTEB oetor`ator,

57]fl7lTCAfl45TEf!.€.`.  =iectri= [i3teriators fo!w Seismic :xp!ora±ioi-i
DESIGNED  FOF3  SEISMIC  WOF}K  -  Exclusive  Atlas  electric  rr,atch  provides  reliabl

Cietoilation  with  minimLjm  lag  time  and  scatter.  Full  #8  strength.  explosive  output to  hei
insiJre initiation of the seismic charge, even under severe cc)ndiiions.

UNEXCELLED  PERFORMANCE  .  F3igid  statistical quality control tests are  performs
on  all  components  and  on  the  completed  detonator to assure  I.eliable  and  consiste[
performance.  A` tough,  hard  enamel  coating  under.the  plastic  outer jnsulation  provide
additional protection against shorting ot legwires under extreme conditions.

WATEB  AND  WEATHEB.PBOOF  .  Legwire  insulation  is  designed  to  withs{an
extremes of heat and cold and the severe conditions encountered. in deep-hole loadin!
All  detonators  contain  a  double-crimpeQ'  rubber  plug  to  provide  a  water-tight  sea
Excellent firing characteristics permit  use in single-hole or multiple-hole pattern shootir`€

PROPEF3TIES AND SPECIFICATIONS
• .Detonalor strength -#8
•  Fiinction.Ing time scatter - Less than 0.001  second; even

lower as fjrin§ c'Jrrent is increased
•  Recommended firing current -3 to 10 amps DC, 4 to  10

amos AC
•  Wa.ter immersicin depth (max. tested) - 500 feet
•  Bridgev`lire resistance . a.9 C)hms
•  Bet.onator shell - Gilding  metal

REDucED sENsmviTy
TO EXTRANEOUS ELECTPllcITY

A  speclal  bridgewire  and  the  SF  (eature  in  the  electric  match
provicle  recJucec.  sensiti\Jity  to  s`atic  electricity.

OPERATING AIDS
With  recommended  firing  currents,  STATICMASTEB .electr

detonators meet all requirements for series firing.
WARNING  -  Do  not  use  STATICMASTEB  electric  detonators  I
the same circuit with clther types or brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spoole'

dllplex copper  lead  w;res  (yellow color)  in  lengths of 40'.  60..  80
loo..120',150.,160`,  200`,  250',  300`,  anc]  400`;  and  in  short€
legwire  lengths  (folded  duplex  wires,  yellc>w)  measuring  12',  2C
and 24'.
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HAZARDOUS         CHEMI   GAL      MATERIAL      SAFETY      DATA      SHEET

ArlAs  poroER  comANy
15301   DAI.LAS   PARTAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

2.     PREPAREI)  BY:        P.E.   Therriault            DATE:        06-24-88 REVISION:      One

3.     Irez]ICAL  "ERCENcy' TELEPHONE  NtJREms:

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

4.      THE  RATERIAI,S  DESCRIEEI)   IN  HIS   DATA  SHEET  ARE:

RAZARDOUS   CHEMICAL   INGREDIENTS

5.     CHEflcAL  AND  co"oN  ilAIE(s)   oF  RAZARDobs   cEmlcAL  MIXTURE/INGREDIENTs:

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

Major  Hazardous  Ingredients  Include:
Armoqiuai  Nitrate
Diesel  Oil  (In  Some  Formulas)

TSCA                        GAS                             RTECS
LISTED                     NO.                                  NO.

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

Note:     See  MSDS.for  Amoniuq  Nitrate  Plus  Fuel  Oil

6.      PHYSICAL  AND  CH"ICAL  CHARACTERISTICS:
Vapor       Flash    }£elting    Boiling     Speci£1c

Pressure     Point     Polnt°C    Pciinc®C C=avitv
Mol,
W[.        Odor     Aopearance

dronlun  Nitrate           0                d              155              190              I.725         83         None    WThite  solid
Diesel  oil                       Dd              nd                   nd       147.371          0.87            nd    Pungent  Broun  Liqui=
llixture                                Meg.           nd                    nd            1251.I   to   1.3     NA          None     Wh±!e  creas=

nd  =  n.a  Da.ca           d  =  Dissociates       na  a    Not  Applicable
7.      ptryslcAL  HAZARDs:

Anonium  Nltrace  -DOT:     Oxldizer
Mix[uTe    DOT  ExpJ.osive,   Blasting  Agent

6.      HEAL"  IIAZARI)S:
-I.   -'

carcinogEn
Corrosive
Eighly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feces

9.      PRn4ARY   ROUTE(S)   OF   ENTRY:               No   Data

10.      PERMISSIBLE  EXPOSURE  I."ITS:         No   Daca

Diesel  oil:    Flamable

--I ---. JEJ=. --   _

Ref :   Reglstr:`'  of  Tcixic:  Effects
of  Chemical  Substances   (RTECS)

N  =     No  C:icerla  Match
Y  I    Posit:1ve  Crlceria  Match

per  RT£CS
nd   I     Na  Data
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11.      LISTINCS:

unmlAI NIP  ANNUAL   REPORT
0N   CARCINOGENS

Enulsiot\s/Ah.FO   Blerids
Page   2

IARC                             0 st{A
MONOGRAPHS            CARC INOG EN

12.      CENERALI.I  AppLlcABLE   pRECAUTIONs   roR   sArE  HANDLING  ANI]   USE:

HYGIENIC  PRACTICES :

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  ldIAsuREs  I]uRINc  REPAIR  AND  RAINrENANCE  OF  coRTAmNATm  EQulpREm :

Use  tlon  sparking  tools,  avoid  open  £1ane,  wear  nor"l  safety  equipment,
Such  as  Safety  glasses  and  hard  hat.

pROcmtJREs  FOR  cl.EANup  op  splLLs  Aim  LEAKs:

Bulk  Produ¢[:     Isolate  and  cobtaln  spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  "st  be
carried  out  in  accordance  With  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  Naticlnal  Response
Ceticer   (800ut24-8802)   and  the  local  Police.

13.      CONTROL  lflASURES:

ENCENEERmc:            follow  BATE  standards   for  storage   (27   CFR   151   Subpart  3)
Except   for  Bulk  produecs,   see  "Do's   and  Don'Cs  -Instructions  a.nd

Wamlngs"  -  found  in  every  shipping  case.
See  Instittice  of  Makers  of  Explosives  Publications.

WORK  PRACTICES:      Follow  OSEA  Star`dards   for.Storage   and  Use   (29   CFR  1910.109)
Except  for  Bulk  products,   see  "I)o's  and  Don'ts  -Inst"ccions  and

Warnings"  -  fouad  in  every  shippln8  case.
See  Insclcute  o£  Makers  o£  Explosives  Publicatiotis.

PERSONAL  PROTECTIVE  EQUIPENT:

Avoid  toxic  fumes  frotn  blasting,  wear  normal  protective  equipment,   .
Such  as  Safety  glasses.   hard  hats,   eec.

14.     RER€Eh'cy  AND  FIRST  AII]  pROcmuREs:
-.        '  .      _

Do  not  attetxpt  Co  fight  fires  involving  explosives.
Imediately  evacuate  the  area-    Avoid  toxic  funes  from  fires.
h  cage  of  Skin  coricact,  wash  affect:ed  area  `.ith  water.     Eye  contact  -
£1tish  eyes  for  ac  least   15  ainuces  and  coasulc  a  Physician.

15.      DISCLAIRER: The  above  information  t:aken  frc}m  various  published  and  unpublished
sources  ls  believed  Co  be  accurate  and  rep:esents  the  best
1nformcion  currently  av=ilable  to  us.     Houever,  tJe  make  no  warranty
of  the  accuracy  of  such  informatlon,   express  or  lnplied,   and  assume
no  liability  resulting  fran  lcs  useh     Users  should  make  their  otm
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