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near Fayetteville, North Carolina
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Richard D. Miller

Estimated Duration of Field Work:   5 days

11.        STATEMENT OF WORK

High resolution seismic reflection methods should be capable of mapping
acoustic interfaces 30 to 100 ft deep with reflector separation of down to 5 ft in the
Mcpherson Creek and Little RIver Valley alluvium on the Ft. Bragg Military Reservation
near Fayetteville, North Carolina.  The focus of this feasibility study are the Solid-Waste
Management Units (SWMUs) within the Fort Bragg Containment Area (FBCA).  Each
SWMU includes several types of potentially hazardous areas including abandoned
landfills, underground storage tanks, oil-water separators, and various other land-use
sites.  Shallow seismic reflection could play a critical roll in determining potential
pathways for contaminant movement away from these sites.  The near-surface hydro-
geology within the FBCA is controlled by a series of interbedded sand (10-15 ft thick)
and clay (1-3 ft thick) units.  The primary geologic question shallow seismic reflection is
to address relates to the continuity of the clays and the presence or lack of local perched
aquifers.  Any transport of product and associated movement of contaminant plumes
toward the permanent groundwater table will be strongly influenced by the presence
and geometry of clay layers.

This feasibility study is designed to determine the applicability of detecting and
mapping discontinuities in shallow clay layers.  Testing in an area known from drilling
to possess a single discontinuous day layer is critical to both confirmation of interpreta-
tions and for fine tuning parameters.  Geologic interfaces between 30 and 150 ft repre-
sent the primary target of this study with interfaces between 20 and 30 ft representing
secondary goals.  Confident delineation of shallow discontinuous layers will probably
require a minimum of loo to 150 shot points of CDP data, a day or so of walkaway noise
test, and at least one uphole noise survey.
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The proposed testing and production portion of the survey will consist of one
CDP line in conjunction with a series of walkaway noise tests and an uphole survey.
The primary goal is to determine feasibility of accurately mapping clay layers/lenses
that are either discontinuous or drastically change orientation and/or thickness over
relatively short intervals.  Testing essential for optimal parameter and equipment
selection will include walkaway noise tests and uphole surveys (if possible).  Proven
high resolution techniques (Steeples and Miller, 1990) will be used to acquire the CDP
data on this survey.  CDP data will be acquired in a standard (Mayne, 1962) roll-along
acquisition format similar to conventional petroleum exploration data acquisition.  The
geophone spacing, analog filtering, seismic source, geophone type, spread geometry,
sampling interval, total samples, shots/point, and acquisition philosophy will be based
on extensive pre-production tests.

The project will consist of two major phases: acquisition and processing.  The
acquisition phase will commence as soon as a mutually agreed time can be arranged
between the Kansas Geological Survey (KGS) and United States Geological Survey
(USGS).  The acquisition phase should require no more than two days.  The walkaway
noise tests will be gathered according to common shot station and receiver offset and
separated into distinct groups according to recording parameters.  The CDP data will be
processed into a seismic cross-section to allow for time/depth conversion to a geologic
cross-section.  The quality of the acquisition data will strongly dictate the processing
requirements necessary to maximize the resolution potential of the data.

The data processing phase of the project will begin immediately upon return to
the KGS processing facility in Lawrence, Kansas.  The processing flow and parameter
design will be based primarily on the shallow seismic reflection expertise of KGS in
consultation with USGS representatives.  The uphole surveys (if allowed) will be used
to confirm and provide guidance during selection of a representative NMO velocity
function.  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.

ACQUISITION PHASE

The testing portion of the acquisition phase will involve two parts:  uphole sur-
vey (if approved), and walkaway noise tests.  The uphole surveys and walkaway noise
tests will be run coincident with each other and will represent the first operation to take
place after the appropriate safety and site logistics briefing.  The walkaway noise tests
and uphole survey should be completed within the first day, allowing selection of the
optimum acquisition parameters and equipment for the CDP portion of the project.

The uphole surveys will involve downhole hydrophones and the optimum
surface source for conditions.  Shots will be recorded at least 10 ft beneath the top of
water table.  The uphole information will be used to determine a true average velocity
and represent ground truth for the time-to-depth conversions.
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The walkaway noise tests will be conducted near the proposed test CDP seismic
line and as near to a control well as possible.  The walkaway will consist of source-to-
receiver offsets ranging from 4 ft to approximately 196 ft.  To avoid spatial aliasing of
noise, the receiver interval will be 2 ft.  The downhole 30.06 firing rod (Miller et al.,
1989), the 12-gauge auger gun (Healey et al., 1991), and possibly the drive rod (if devel-
opment is complete by the date of the project) (all three require only class C explosives
and will therefore not need permitting) as well as the sledge hammer weight drop
source can be tested to determine the optimum source for the near-surface conditions.
The downhole 30.06 will most likely prevail at this site.  The downhole placement of
sources greatly reduces the amount of recorded ground roll and other seismic noise and
all but eliminates the higher frequency air-coupled wave prominent on weight drop
seismograms.

Both seismograph settings and receivers will be used to help shape the recorded
spectrum (Steeples,1990).  The receivers available for testing will include both single
Mark Products L-40A 100 Hz geophones and triple 40 Hz Mark Product L-28E geo-
phones wired in series.  The 100 Hz geophones will be tested first, and from previous
experience will probably produce the best response.  The need for a strong signal from
the geophones is paramount, and from previous experience lower quality geophones
will not produce the desired high output within the desired frequency band.  Analog
low-cut filter tests will include:  low-cut out (all-pass), 50 Hz, 100 Hz, 200 Hz, and
400 Hz.  If at any time during the low-cut filter testing the signal-to-noise ratio drops
below acceptable levels, the upward progression of settings to be tested will be
terminated.  The low-cut filters will have an 18 dB/octave roll-off.  If at any point
during the noise testing an optimum parameter or component is identified, the affected
portions of the remaining tests at that site could be by-passed.

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

Final decisions concerning acquisition of the CDP survey will be made after
completion of the walkaway and uphole tests.  The data will be appropriately sorted,
bandpass filtered, AGC scaled, and displayed in wiggle trace format.  Combining the
walkaway noise tests and uphole surveys should allow confident, well-informed
decisions to be made concerning parameter design for collecting usable CDP data at this
site as well as other future sites in similar geologic settings in this general area.

The acquisition parameters and geometries of the CDP line will be based on
analysis of the test data and uphole survey.  The focus of the acquisition will be to
determine maximum resolution potential and quality of multi-fold CDP stacked data
from this area.  The highest quality control will be maintained by incorporating
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modified tap tests, a twist test, continuity thresholds, leakage limits, permissible
background noise levels, and source burial constraints into the routine acquisition
procedures.  The need and extent of 'on-shooting' and 'off-shooting' the line will be
based on data quality and subsurface fold and coverage requirements.  The CDP
portion of this study primarily focuses on continuity, consistency, and overall potential
(i.e., broadest band, highest corner frequency, largest signal-to-noise, and optimized
recording window) of the recorded data.

PROCESSING PHASE

The CDP line will be processed with commercially available processing software
into a CDP stacked section at KGS's Lawrence, Kansas facility.  The basic architecture
and sequence of steps to be followed during the generation of the final stacked sections
will be similar to conventional petroleum exploration processing flows.  Exceptions to
that basic flow will probably relate to the step-by-step QC and detail necessary to allow
maximum confidence in interpreted shallow features (Miller et al., 1989, Miller et al.,
1990, Miller and Steeples, 1991).  The main distinctions between shallow and conven-
tional processing flows relate to the emphasis placed on velocity analysis (Miller, 1992),
lack of extensive wavelet processing, care and precision placed on muting, step-by-step
analysis of effects of each operation on reflected energy over at least two reflection
event windows, limiting statics operations to maximum shifts no greater than 1 /4
wavelength of the dominant reflection energy, and coincident iterative velocity and
statics analysis.

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

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

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

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

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

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

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

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

IV.       SAFETY PERSONNEL

Safety Personnel and Emergencv Contacts

Rick Miller (KGS)-Site Safety Officer
Joe Anderson (KGS)coperations
Charles Daniels (US Geological Survey, Water Resources Division [USGS])-
Delegated Representative and Site Consultant

4.         David Laflen (KGS)-Line chief

USGsfft. Bragg, North carolina               Page 5 September 1994



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)

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

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

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

E      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 Sienature

Site Safety Officer
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Safety Meeti"z at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINT\                               ComDanv SLenature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINT)                               Company 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 EaulDment:  All KGS vehicles and the ammunition vehicle will be
equipped with .a fiist aid kit and a fire extinguisher.  A portable cellular phone will also
be required in the KGS vehicle and will be the primary means of communication in the
event of an emergeney.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

EmerEencv Contacts

Safety Ccordinator:

Project Manager:

Phone

Phone

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

Hospital:
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Procedures

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid    `  CPR

Certified in:       First Aid       CPR

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

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

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

8.         Work Item:  Seismic Gun safety Rules

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

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

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

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

C.        Work Item:  Traffic control

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

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

VII.     SAFETY ANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated at more than 6 U.S. Gov-
ernment facilities Cy-12 0RNL, Oak RIdge, TN; WAG-10, ORNL, Oak Ridge, TN;
Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test Site, Las Vegas, NV; Fort
Ord, CA; INEL, Idaho Falls, ID).

IX.       HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

The handling of live ammunition will be in complete compliance with sections VI.A.
and seismic gun operation procedures tooth sections of this report).  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
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in the metal can prior to being placed in a metal can and locked in the steel containers
attached to the truck.  If it is a 50-cal. round it will remain in the can for 20 minutes
before it will be removed and re-stored in a metal can in the metal transport boxes
attached to the truck.  The unexploded rounds will then be transported back to the KGS
Lawrence, Kansas, facility where they will be properly disposed of.

X.         REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, F1.re¢7`77!S S¢fty.
DOE Report DOE /EV/06194-3, DOE £xpzos{.zJes S¢/edy Mfl7towz.
ID Appendix 0550, Sffl7tderd Opcr¢ft.o7t¢J S4zj5fty Reqtti.rc77te7'!fs, Part IH, Subpart I, "Explosives"

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

Practice, and Combat
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SAFETY   ANALYSIS

Page   I

PQLtential   t{azard

Lost/Stolen   Ammunition

Durinq   Loading/Unloadinq:

Dropped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firinq:

Muzzle  Air  Blast

Ricochet

Flashburns

Consequences

Personal   injury  or  property
damage   from  unauthorized   use.

Personal   injury  from
accidental   discharge.

Damage   to   barrel,   breech,   or
bolt   and   resulting  personal
injury.

Personal   injury   from  flying
rocks,   soil,   debris.

.

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle   flashes

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  with   sufficient  energy   to  cause
personal

Discharge   into   earth   or  containment  device
suppresses  muzzle   flash.
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Potential   Hazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged  barrel   -  dirt

Plugged  barrel   -water

Barrel   disengagement   from
pl ate

Breech  disengagement   from
barrel

Ourinq  Transi)ort

Accidental   discharge

Consequences

Personal   injury   from
sul)sequent   accidental
discliarge   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)   l]y   flying   rifle.

Personal   injl|.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
ammlln i t i on ,

Assure   that  operati,ng   procedures
prevent   transport  of   loaded   seismic  gun.

Assure   that  operating  procedures
include   thorough   bore   sighting   bet.ween
shots   and/or  probing  wit.h  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   inspection/maintenance
procedure   for  the  breach-to-barrel
attachment.

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

Accidental   drop  or  collision

Consequences

Damage   to  barrel   or  firing
mechan i 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 SEISMIC GUNS
"GOOD GUN SENSE"

I         Handling (always assume loaded alLd 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.        Cle aning

1.          Daily:

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

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

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

least 3 times a day.

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

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



C.        F iring

1.         Assumptions

NONE

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

.50-CA1.IBER    SEISHIC    GUN

The   .50-Gal   seismic   gun  is   powerful   and  must   be   securely   posi[ioned  when
fired.     Danger  exists   not  otily  with   the   bullet   projectile,   bit  also  with  the
recoil  of  a   loose  gun.     Be  sure   that  all  n6unting   bolts   are   tight.     Never
strike   the  gun  or   belt  with  a  metal  object.     If   the  gun  is   jalrming  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.

Operational  Safet7  Rules

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

2.     Arm   the   gurL  ONLY  when   the   gun   is   in   position   to   be   fired.

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

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

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

6.     ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all  mounting   tx)its   are   Ci8hc.     Do   not   force   Ct`e   gun   down  an
augered  hole.     Re-auger   the  l`ole,   if   necessary.     Be   sure   that   the   t)ase  pla[p.
rests   on   the   ground.     Hat-e   two   people   stand   on   the   place   .w.nen  firing   (flex
tr.nees   to   absorb   the   shoctr.).

If   the  hole   t`as   .+ater   ln  i[,   seal   the  muzzle   of   the   gun  w.i.th   tape   or   a
balloon   Co  keep   water   from  seeping   into   tl`e   barrel.     Avoid   this   situation,   i£
possible.     Water   in   the   barrel  inay  seriously   damage   the   gun  when   fired.
Injury  is  possible.

Surface  Mode

Be  sure   all  mounting   bolts   are   tlghc.     Carefully   protect   the   breech,
trlg8er,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN.
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OPEPATION;sAFErv BULEs AND BEGULATioNs
FOFl ll|E

AUGER  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   handle;.s
must  always  assume  the  firing   rod   is   loaded  and  the  safety  is  off.

OBeration    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.
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John Healer, Joe Anderson, Richard Miller, Dean Keisij)etter,  Don Steeples,
and   Brett  Bennett,  KCLuscLs Geological  Survey

SUM}{ARY

An improved design of the buffalo gun,
incorporating hole  drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordab]e seismic
signal than the traditional buffalo gun.   The 'auger
gun' is designed to optimize field efficiency,  source
couple, and safety.   The auger grin consists of three
main parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence, Kansas.   Subtle changes in
source environment, such as a 15 cm gap between the
detonation point aLnd the base of the hole or inclusion
of water as opposed to air at the detonation point,
ha`-e a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
t)y 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  environment.al  and
engineering  applications  of reflection  seismology
have spurred research and development of shallow
high-resolution reflection techniques  and equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targets-generally the 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 seismograLphs  have  made
possible cost-effective a.cquisition 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 all.,
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'.   Weigbt-drop  sources  include
everything from mechanically assisted vertical mass
impacts (usually >20 kg mass) to human-assisted
vertical  mass  imf)acts  (sledge  hammers,  malls,  and
thors).   Recent advances in high-frequency
engineering sources  have  come  predominantly  under
the 'gun'  classification.   Development of a  downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal increase
in expense and effort o`'er hammers, spurred 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).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile sources with a steel  containment
plate (Steeples et al.,  1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole (generally 6  cm,  or so)
approximately 80  cm deep must be bored.   The auger
gun described here incorpoi.aces  all  the pre`'ious
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 t,hat 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 aut,omatic (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 t,he ground sui.face  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 accomplisr.es both exceptional  blast
containment and  minimal  residual  borehoie.   After
the auger flight is  securely screwed into  the ground
80+ cm, t,he modiried buffalo gun is loaded (by sliding
the gun over a shotgun shell), lo``.eri>d  down the
center of t,he hydraulic drive head.  through the
hollow  stern  auger nighting,  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 t.he firing pin or
with  an  electric solinoid.

Safety must be of the utmost concern in
any operation involving seismic sources.   Designed
into the auger gun are several critical safety
improvements over the traditional buffalo gun.   First,
is the improved loading design that does not require
the operator's hand to come any closer 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 aLnd previously shown to
enhance  high-frequency seismic signal  at  the
expense of air-coupled wave and ground roll  while
maximizing mobility,  operator safety,  field  efriciency,
and ground coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efriciency is maximized by incorporating the
borehole preparation with the gun placement and
detonation.  The massive nature of the design and
improved shell-loading procedure  minimizes  risk to
the operator.  Mobility is only restricted by the 1.2 in
wide, 4-wheel-drive loader.   Environmental impact is
minimal with remnants of the operation restricted to
a nominal 4 cm corkscrew hole approximately 80 cm
deep.

RESULTS

Datai acquired for this test `vere recorded
on an Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
U2 ms aLnd record length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The source-to-closest.receiver was 20 in with a
geophone station interval of 4 in.  The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The  recording environment was  consistent
throughout  the  comparison.

Auger gun and buffalo gun field files
acquired under identical conditions  allows  for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
higher with tile auger gun with very little differeiLce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of removing the ringy 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  rili`s.   'l`he
general characteristics of the 80 ms  reflection seem to
be consistent for both sources.

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

Subtle  changes in source  environment
make considerable difference in the amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy b.v over 50 percent.   Sigt`ifical`l
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 sit,es 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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auger gun                               buffalo  gun

F`ig.  2     Auger gun field file (left) compared  to the
buffalo  gun  (right).

containment
screw guide

Fig.  1     Diagram represents  the  auger gun  in above-
ground  position.    }Iodified  buffalo-gun
portion of the auger gun.  is  not shown, but is
conceptually  the  same  15  previously
doeumented  (Pullan  an/I  .\[ai`Aula.v,  1987).
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A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.



(}ovnl`oLc   .50-c.Ll.ber   lllfle--an   Advance   Ln

llLt;lrrc8olutlo.I   ScL8e.I.C   Sourcee

I)on   W.    Sceeplcs.    Rl.cl`ard    D.    Hlller,    Ralijh   W.    KI`app.

K.i`s.ls   Ceolo8lc.il   Survey.

SU-Y
In   A   dtrecc   conparl8on,   the   dovnhole   .50-caliber

seL8nlc   8ource   pt'oduced   ii]ore   selsolc   energy,   a
bt'oader   body-Wave   I requency   speccruq),   At`   aDpll[ude
dtop   lf`   the   air-coupled  Wave,   and   .  higher   doolnanc
i requei`cy   of   the   recorded   body-vave   energy   Chaf`   the
-llenced   Out.€ace   .50-caliber   8ouree.     The   recot'ded
•elsf.Lc   eoergy   of   tt`e   dovnl`ole   rlf le   Shoved   &n
Lt`creaaed   adpllcude   o£   6   Co   12   d8   over   Chat
recorded   by   the   ®11enced   eurf.ce   [1fle.      Tt`e   dooi-
nanc   I requency   of   [l`e   recorded   ref lecclor`   energy
vag   consLscer`Cly   20   [o   40   Hz   hl8her   [hat`   the   8ut'-
face   rifle.     The  &l[-coupLed   v.ve   &apll[ude  vas
decceaeed  over  12  db  by  .ub.urf4ce   I lrlt`8  of   the
•lf le.     The   frequency  .peccr`a  of   the  body-vave
pulae  vA®   b[o.dened  by  .loo.t   .  half  octave  on  the
hl8h  end.     The  .afecy  of  oper.cloo  of   the  .ourc.  1e
Tioc   col.prolal.ed.     Rcfleccot.  vl[h  .  dofilnat`[   fre-
quency  ln  exce..  of   180  tl2  can  be  ea.lly  ldeticlfled
oo  field  f llc.  .C  depth.  of  1...  Ch.a  30  a  uelng
the  do`+nl`ole   .50-c®11ber   rl£1e.     Ideaclflc.Cloa  of
loo-llz   r.f l€ctor.   frog  I,loo  -1.   po.81ble  ot.  field
i llco   of  oulclple  vercLc41ly   8C.eked  dotmhole   .50-
c.llbec  8hoc..     The  ®ource  vlll  operate  ln  .a
ef f Lclenc   nanTLer   collec[Ln8   COP   data,   coaLition-of fse[
data,   or  epoc-coT[elaclon  data.

lNIRODuCTION

Incr€.|i.(n|:   ci`v(rolm.?ntA1   .`nd   en8lTieer(ng   AppL1-
c.ILLom   o(   .c[LeccLoii   eeL8.olog]r   I.ova   ei]urred
re8c.ircli   rind   dev¢lopoel`[   of   8hallov   hLRh-rcRotu[lon
ct!rleccl.ui`   tt!clmlquca   oi`d   cqulii.eat.      R¢golucloi`   ou
tlie  order  a(  .  .ecer   I.  nece8eary   to  dc[ecc  uLcra-
•liaLlou   Carge[9   vl`Lcl`   are   t!eneraLly   [l`e   goal   of
•ofic   ei`vlro.`taan[Al   `1i`d   engLneet'Lng   Scud(el).      This
Lqcreaaed   regolu[1on  can   be   ob[alned   by   boos[Lng
Clic    r[c(i`ici`cy   o[   [l`e   8ource   i>ulse   .hlcl`.    tn   Curr..
Locreaee9   [ha   dod]1naTic   i requency   o£   the   recorded
selsdLLc-reflectLori   cf`ergy.      Cenera[1ng   the   Ill.gh-
€[equei`cy   seL6nLc   source   pulse   nece8eary   f or
•hallov   appllcaclona   has   been   acco®pllshed   Ln   a
auL[L[ude   of   dLf feref`t   vay8    1fL   the   past    (MLller   e[
al.'    1986).

Recent   3eLsmlc   Source   advat`ces   ac   the   Kar`8.1s
CeologLcal   Survey   (KCS)   have   iLalt`ly   revolved   around
Surface   pt'oJec[lLe-type   eou[c.e   (steeples   and
Knapp,    1982:   Hlller   and   Steeples.    1986:   Seetier   ar`d
Sceepl.es.    1986).     A   .50-caliber   rifle,   which   was
deslgaed   and   bullE   [o   Oaf ely   fire  a   750-grain   bul-
let   ver[tc®1ly   loco   tl`e   8roul`d,   has   more   recently
b€ci`   Adaiiccd   to   operate   paTclally   urider8t'ound   vlth
oaLy   [l`e   flrln8  apparatus   above   8.ound.     This   al-
lo.s   .afe  operaclor`9,   a  higher-£[equency   Source
pulse,   atid   an   lncrea8ed   glgnal-co-.noise   ra[1o.

p±.?.I.t:.N..4.Nr!.:I.w:.€ii.N.(.qtLr..

Tli¢    I:l!I`cr;.I    desl8I`   cer`Ce[s    aroui`d    o|}Clml7.Ir`i..    [l`c
culivcr.`luli   tlL.   ci`|.rBy    iiroducl.tJ    by   a    .5U-c.|lllil.r
rlf li`    h`illi!C    lnco   ..elsmtc   (acr.usclc)    w..veg.      Tl`c

oajo[l.ty   o£   the   et`ergy   produced   b/   a   .50-caliber
round   8oeg    lnco   acceleractn8   EI`e   projec[lle   al`d
lnco   exhau®C   gases.      P[evlou61y,   vi[I`   above-ground
soiirces,   ve   have   silenced   and   dispersed   the   exl`aust
8aee4   1n  hopes   of   eLlnLnatla8   or   a[   least   8t.eacly
reducing   the   ef I ecc8   of   the   air-coupled   vave   orl
9el8olc  data,     The   dovnhole   .50-cal(bee   rifle
nearly   slmul[aneously  excites   the   earth   wlcl`   ;I
proJecclle   arid   vLth   exhaust   gases   vhlle   concalf`Lng
flioec   o€   the   air-coupled   vave,    re5ultlng   Lr`
1ncrea8ed   trequer`cy   and   sl8nal-Co-noise   ra[lo   oi`
8elooLc   record   secclons.

The  dovnhole   .50-callbe[   seLsolc   source   cor`el.Cs
o£  .   .50-callbcr   rlf le  bolted  Co  a  O.6-ca-thick
•tecl  pl®[e,     "e   [1fle   LC9.elf   ls   a  ecarLdaTd   .50-
c&11ber   breech  at`d   bolt,   buLlc   by  Texas   Cud  at`d
Hachlt`e  Coapafiy.   |cc.ched   [o  a  ecandard   .50-caliber
t].chlne-gun  b.rtel.     Hachlned  grooves   lri  the  barrel
are  u.ed   lt`   conjuf`cEloo  vlch  a   preseuTe   clamp   Co
•Ctach   the   tlfle   Co  a   30-cm   by   90-cni   gceel   place.
The  rifle  barrel   13   lovered   into,A  60-to   80-cn-
deep   borehole   4   czi   Ln  dlaneter   uri:Ll   the   plate   ls
£1uBh  vl[h   the  g[otind   surface.     This   steel   plate
&ct8   a8   a   gt.ound   seal   and   a   pla[£orrt   Co   9Cand   ol`
vhlle   €1rlt`g   the  gun.     The  wel8hc   of   the   shoocer   oa
the   plate   and   the   .dug   [Lc   of   the   barrel   Co   tt`e
bo[ehole  vall8  help   seal   cl`e  gun  [o   Cl`e  ground.
The   t'1f le   can   be   eqoLpped   vlch   a   source   8et`sot'   or
cl.oAurc   #wt[ch    [o   t:a.icr.ici!   ..I    I:liiic`   hrc;`k.       Flrli`t:
can   l}c   uoi`e   elcl...c   t!lccirlc;`Lly   by   s`.lci`o[J   uc
ib.iA`.Ally    by    ptilL(nr,    [1`..    rrli:I.,`!r.       Tli`.    .I.iuiili`ilo     .SU-

callbcr   velglis   dboul   I(J   .<c   ;IilJ    (*   i...islLy   l..a-ii€rsu.I
pot.cable.

lJ`t{E(}Uli;NCY    ^Nl)    A-JJI.

1.lic!   dowi`l`ole    .50   c..illh.:r    ii..uJ`il:I.i    [ru.a   b    lo    12   illl

8reacer   reco[dable   sels.ale   €L`ergy   a:   equLvalelit
affsecs   tl`an   Llie   silencl.I   surface   .50   caliber   (fig.
I).     The   lncrea€ed   recoc€ed   ener6;..   boosts   the
signal-Co-riolse   er`ou8h   [o   s`ibscdn:ialLy   clean   liii
the   record   secclon.      The   Source-to-closest   geo|]l`one
of csec   ln   £1g.   `i   ls   43  a.      Besides   :}`ls   nc[lceable
Increase   in   recorded   seis.lc   eners:..,   a   car.slscei`C
20-40   Hz   hoos[    ln   [l`e   doalr`A.`C    f rei`iei`cy   of    tl`i`
Source   wavelec    ls   cl`ftraccertsclc.

[n  p[evlous   shallou-source  coapa:lsoi`s   (.Yiller   ec
al.,   L986),   the   surface   .50-ctillbe:   perfor]ed   com-
parably   [o  Hlnl-?[i®acord   and   a   lo-6au6e   3uf falo
giin   ln   [o[al   energ:J   an`l   i rcq`iel`cy   speccru.i.      Tl`e
I`oced   Increase   ln   I re.|uency   .ii`J   cner5y   would   in.`ke
the   do.nhole    .SO-cal[b€[   rl€le   co.|p.irable   co   Cl`e   8-
gauge   But falo   g`]o   `fhLch   vag   .inong   :he   best   sources
Cesced    for    refle::ion   er.!r3y   ve:sL;i   3rouL`d    roll,
Cocal   el`er8y,    ar`J    Ereq..ency   r.ol`ce.`:.

S^(.'l¢'L`Y
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85  msec  Peflector  Wavelet

Amplitude  Spectrum
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FIG.  3.
-The  amplitude truTn  of  the  ref lection ulse  at  85  msec   is   almost  3   octaves
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Olin MATERIAL~JLJLJLL   SAFETY DATA
OCEAN®   Network
EMEBGENCY  PHONE  1 -80C+OLIN.911

SECTION  I  -IDENTIFICATION

SECTION  11 -NORMAL  HANDLING  PROCEDURES

SECTION  Ill -I-lAZARDOuS  INGREDIENTS

B^SIC H^TEni^i                                                     °="L^                    lo so                  ic 5o                      SIGwlFICANT EFFECTS

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

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA
FL^SM PO"T         Not OSH^ CL^SSIFIC^TION•.- FL.^WN^BIE|       |OWEF`       I      uPPEFt

EXPLOSIVE - -•.                 ;..        =.- |lw'ts
EXT"ouisHlt.a H€bl^                               Deluge wit-h water,  material is self-oxidizing.   Flood  with  Water

to  fight  fire  and  to  ®ti®1  <h®11s.
SPEcl^l FIRE  H^ZJIAO .  FIFtE  FIGHTINC  F.flocEOul]ES

Evacuate area.   Fight fire  from  an exDlosion resistant .location.
i                                       .....,. `.                   sfcT,ONV..HEALTHHAZ^RDDATA                .        _...,... `...`r,..



SECTION  vl  -TOXICOLOGY  (Product)           (Si,lall.   Ar.,a   AL-.n.iL`iit i'`,v`

SECTION  Vll -Splll AND  IEAXAGE  PROCEDURES  (Control  Procedures)

ACTION  Fof]  N^TEF`l^l f`El£^SE Of` SPILL
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  nan-sparking  utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for    respirator    use.    (See     29     CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.   Isolate  and  do  not seal.
Label ''Small Arms.Ammunition''.   Wash 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 CHEMTf`EC 50®424-93cO
WASTE OISPOS^l NETtJOD

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

SECTION  Vlll  -SHIPPINC  DATA
a.a.T.cues                                            Chss c Explosive       OEN-I)

SECTION  IX -REACTIVITY  DATA

SECTION  X -PHYSICAL  DATA

MELTtHG  rolNT               N/A v^Pof` Pf`ESSuFtE                   N /A VOLATILES                                            N / A

eoli"c polHT             N/A saiuB!iiTt lii w^TER          N /A I Ev^pof`^.noN RATE           --.|i.4L.IVAPOROENsltt(^lr.1)N-/A
SPECIFICGA^VITY  (H,O.1)          N/A pH                                              N/A

lNFof`MATION  Fuf`NISHED  BY:

1475

C.  C.  Noonan
(203)  789-5436

DATE         Novemberl6,1985

O®partm®nt of Envlronm.ntal Hygl®n. and Toxlt
(2o3)  78e

olin  cOF]pORATioN
120  long  F]idqe  F]oad. S`amlord, Connecticut 069C

OCEAN®   Network
EMEF]GENCY  PHONE  1.80®OIIN-911



in.alchaJ  Salty Data .Sh.oat  .     .
W.yb. `i-.d toamrwh     .
OSIA.. tl.zird Cammtinlcal.itri Stand.rd.
29 CFf`  1.10.12cO.  Sllnd-rd  iT.uei  I-
con-Il.d lor p.cue rq4.rn-

U.S.  Department  ol Labor
OcciJp.tion.I S.l.tv .nd He.lth Admlnltlr.tlorl
(Non-M.rid.tory Form I
Form Approved

OM8 No.12180072

.  «E» .

®®mTI  L^- lh.a on llb.I .r`d IJ-
All  Shot8hell  Armunlticin

RAE~",thde-ts==rgT==%r=#r#.ax2
S-Sctth I    .. -sznall  Arms  Aminitlon.
ll-r`I.Bilr-f'. Hrh Em.rpenc7 T-lI`Irnt)-    .

f`efninqton  Arms  Co. ,   Inc. (Sol)  .   676-3161
^Lm-. Q*Irr*- S" C®h Sn* ape ZIP CL*} T.I.given- ltrrt)- 8. Inbm.tlon

I-40   &  Hlgtway  15  .    .   . (Sol)      374-2246

I,onok.,   Ark.ansa8       72086              .    .    `               ..
0,I, P,vyd`       8-12-86    .     ..

Siqnltur. ol pop-/-/givJ)       .       .
V.C.  Bell,' Chem  Lab  -Technical  Section

S.¢tlon I - 11-ardou. lngfodl.riLtndonllty blorm.tlof`

l{.I-rdc]i. caij]ji=iiiii= Go.d. Cilirnlcal b.r*hrf comrrm N-m|On        OSH^ PEl ^caH TIV            F`.corr`iiiiiei=ed          * too
Lead.,   Inorganic  and  i.Cad  ccmpo`inds . 50mg/H

Ar8enl.c  and  c '|nd®                                                         10

Antiron and  ccm nda                                                     500  n
BariuzB  and  compounds                                                             5oo  mg/H3.
tlitroglyerln   (0.05  in  akin)   500. nlcrogralns/M3  of  air

tx3T  -  "Small  Azns  Aminition"
Cla8ar  C  Bxplo.iv®

UPs                 . oar-D

S.¢tlon Ill - Ptryoc.I/Ch.mlc.I Ch-ractort.uc.
Bc.no put                                   . s%Effiltfi:)

ttot  applicable
V.par ft--tr. (Inn }to.)    . Wrty Pth

Not  applicable Not appllcabl.
veg arty pe - I) EL_~To„oTAPEL,.caL[c,Not  airlicable
S¥dh#ead  styphnate  -|nsolublei  Lead Nitrate  -127  gtn/100cc Water -loo.C

--IdCb
Grayl8h,  Gray,  Sllv®ry  Mat.rlal  i  No  odor

S.ctlon rv - Flo .nd Elplo.loo l1-Lzzird Oat.
Fwh PtH 0~ lfod Furtv"t* un un ua

Not  applicable Not  applicable »^ t'^EJ-Lm
Material  18  .elf  oxidizing}   flood  vlth  Water  to  flqht  fire. and  cool  .h.11..

Sp-I Fh Frtyg P".our-  .

un#e|T8TiET¥tg#e  when  e]<po8ed  to  flah®  and  high  t,enperature..



S.ciloa V - de.cthrrty O.I.
St"ty ur- Cdr'uoukl^ut        Flames,   sparks,   percussion  or  shock  and  higb  .

SLrty
X temperatures   (1JO.C)

lr.cone.IlbJllty {lJ./.r/./. Io Arold.  .. Strong  mineral  acldg  and  alkali.
I+.aith- D=i=i:i:i3iihitjE] - BirFrEEIJa

C*id®s  of  carbon,  nitrogen  and  lead  fimes.- rty- Ca-k'^rd       Heat,  £ire,  static,.  £r|ctlon  and Perc`]g910n.
Wu " Cky

X

SectJor. VI - He.lth Hazard b.ta
f]ciJ|.| ol Erty.                          Int`-I.lion 7 Fumes Shh?   cuts  or  abragions  - REEri?clog

hFn#E `ffiigT:engctoria ,  efroryotoxln ,  mlnutrition ,
weakness,  mental  confusion, allor  -

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

cr±in..           NTr7                                          unc IAona4r.Ohl?                         °S}+A ftyJBd'   Lead.  Yes

6inrfs`ftgivT-O/E-`'      .      Refer  to  health.hazard  above.           `

I+eE]±±!  Ccnd"an.     .
GlirEFi=f ^cr.nded b)/ Extx-I- Ei=±fp|r:e_g_tin_el_£r|ct;   ±_1chey:..  bloc_i___eni _f:ptr_:_1  pe=r_f!_u±

8ysteD.          (CNS)
Erilijijirii==r .d F" Ale Fasifir- Skin  -  I lush  `dth  wateri   i£  Swallowed  Seek  medical  attention

inediately.
S.ctlori VII - Pr.cautlon. for S.I. H.ndllng .nd Ue.
Sl.c-I) a. Tofm A C... W.A-I I. P±+.._.ct cr SpAd                                                                                                               ~

Use  nan-sparking  equiment  to  r:1eanup  and  store  shells  -avoid  ignj.tion  sources.

E_±¥=1_¥__b±_PT_I_pe_g=pe_rLJ9pp±t_s=_I_e±_e=±lt__§±_ate_I_pq!o€_?lreg¥_tat_o¥__9g±Eg[==
contact

fh-£c- ro 8. T.hn h }1.ndnq .nd Startno

Eefer  to  r®leaeed  or  Bpllled  data. ahare.
cho FTtiatha

I.abel  containers  -  "Small  Amg  Amminition"  near  gloves  and  ghrapr.el  prc>tection.

.~=qu__YIII_T_qm_I_rty._T±
F`.-rrty P"- givJ)I ne+)

Osm     sA/HiE/SCBA

v,a,a. '-,L,'®,a ,,,, '',



"c F-EB   ta5    "3:   irJ'3:08irl   ELEi:TP.OLIFE   BFITTERy   '313   I,342   292T\,a
aENERAL MOTof{s cORpofIATioN

MATERIAL SAFETY. DATA SHEET
SEctloN I

P .1/3

SECTION 11 -lNGflEDIENTS
(lt,i Ill 'ng,®dl®ntS)

C^S  P€C`STf`Y  NO. 7lw hv CH EWWEL NJN€{S)
lJ|'#,dii#,!#?#.;

7664939 37 Sulfurlc   ^¢1d NA_

773218S 8&1 .    Water NA

7 4 3 222 I 90 I,eld       _          _ tlA_

Separ6t_ot`i --
D4remt¢

_~_

I_ ---
[ -.        ,        '            .                              `.           .       .'            -                      .       `-

§ECTION Ill - PHYSICAL DATA
O'|w¢ pO`^,in.I  _= v#E?.T°qRE#t±!F#..{` 'v_    L12®_  _

Av aa,a   i-28o  i   .ol

y,AEpiEsSuN¢  t#+i3fa 0 ut mciNT voLE^Tiit .y voLUM€ i+I
t]^ #tl8Htt,£9uO.y I.

VAPOR  O-!NstTY  IAIR .1|
LttA

tvAroMTioN k^TE I  -       . tl
[`.

soii'Bii..rnNttr.^cT!gie--~       T- Pn.< 1.a I__ i
^'Ja€cA#`S8.+Hipte°€lautd  (acid  cant.nc)                                    _   --_   [`S"ffi'|       uau`O     #_

§E¢TION IV - FIRE AND EXPLOSION llAZAFtD DATA



I ..  `' |i`L;L,```+"   --T-                 jE|||UN  V-HEALTH  HAZAFO DATA
-..         .E       '     .          `            ....       ..     ...       .          '                     ,,idest.ruj_¢ionofbodytig8u.(burTiji).

REil.    `  '`-     --..-, .    .f  ..    .O"«Ovn' q  _

SECTioN vl-REACTrviTy DATA

ST^,'|ltt
uN$1^®_|t Co-H6Tii5r.S TO-^voio          -

)tA,|t
X r-INcoHPAtl8llltY (in.I.0.'. !a.'.`d'      oxtdi2Ing   or   reduclnfi   materi3la

HAZ^AcOU   OECOMrosmow`€°ufTS_:_Than  heated,   c|n   emit   hlchlv   t6xlc   fufh.9.

HAIAROOuSpniyL^cji2^"ow MAY  OCcufl ¢ONDITICWS  TO ^VOIO ---_-

w,||Ha,o€¢u_a_Lri

SECTION Vll.SPILL OR LEAK
M^til'^| '&AI,i w cAse!TEps to ce

PROCEDURES

Conciln   .
St|ow!Pcffl ,   ,tace| •rid   fedet`.1   re&u\aclotLl   for  .cid   or  lead   .cr40.

-±==-`!:---:-.-¥a=pe_________I
S€CTION Vtll.SPECIAL PROTECTIO_N INFORMATION



lil:,:1   =:     '9|    14:OT   CHi3lJ   DIST    INFO_MGT   CJFC_CEllcc~Il`l

|MATERIAL SAFETY DATA SHEET
Pl|OOuCT SA   825   0012

F.3.

HAZAf`O  flATING
A  -  8xTnEME
3  -  HIGH
2  -  MODERATE
'  - 8|'aHT
a  -  lN8IONIFIC^NT

S-CTION I
W+I\ Tcct MA~uFAc}ujiir`G eivisioN oR suBsioiAny EMERGENCY TEIEptloNEysy3F,ACTUAER7e2 -5sooEEEffaEc1.teooi424-93oo

AoofiEss {NUMBEfl. sTaEET. city. stATE. zip c:oof.

{

ChEMIC^l NAME Of] FAMILY FcmMuiA
3 Petrol eum   Hvdrc]cerbor\ NA

'SE ctloN li  -.cHEMicAi AND pHy8ICAi.pROpEaTiE8                          ]cwEMicAL..                                       I PHvsic.Al.`
h^2^fiDOuS OECOMPC}SITION PAOOUCTS FOF\M.         Seml-sol  ld

6 Carbon   monoxlde.   cer!on   dioxide ODOR

lN CoMPATi8iLiTv-iK€€e ^w^v Fdofu€. Mineral    Oi  I

Strong   oxidlzlng   agen+s   such  as:      hydrogen   peroxide, ^ppEAA^Nce
6 ch.rc)mlc   8cld.    bror.irie a Grease
LLST ALL toxic ^NO HAZAROOus iNaa€DI€NTs7Nc,r,e LQR"I       Amber

P'2 EciF`c  GaAviTyiwATea-1`RT 0 . 92 4

`BECTtoN}fl.i:Flf]E..ANO`t)(PLO8loNOATA.
®O,l,NG PT.'3

NDA                 ®r,i

spEciAi FIRE FicHTiNG FaocEoimE6 F|ASH POINT (METlloD USEolAboveC.O.C.

Fire   tlghters   should   wear   an EB.I
--   -  fui€LTNa pT.

RA.c

eoproved   self   contE!lned   breathlng FL^MMABLf llMJT6 tlNDA27|oWER_uf'P€R-
', ®C

2,
aoparaTus.              i

Solu8lirrvNW^Tlfl

Ne,I  : c I bl  a
UN USUAL FlftE ^NO EX?lc)SION H^ZAAOSDensesmoke £xTLNGui8HiNG ^afttT5

8 OlYCH€MICAI   X: CO. ^T-.C
=WATEBSPAAY    ¥ fo^M.W^TEFlfocR.5ANO/€AFt"I,TotHea ',

*  VOLATILE'a(bYWT*l
NA

2e
€VAP. RATE'7(.''

NASECTION IV -  H€ALTH HAZARD DATA
PEftMISSIBIE CONCEN TfiA T IONS (A lfl I

',
V-ipoR Pf`E§SUR€(mmHo[t20.Cl NA

9 NDA • .  -               I-
NAEFFECTS Of  OVEF]EXPOSuRE '9 (^m  I  ,I

10 May  cause  skin   a  eye   irt-ltation  with   prcilonged   contact. ®H  ^S  IS
NA

I oxicoiocic& pnop£. rigs JO ®H'1

a, NT,4. sT.oNOAcro    _     __sT.ONGaASE

EMEf`G£Ncy FiasT AIO PaocEDufiES

32  gTEs     Flush   With    larc}e   amounts   of   water   for   at    least    !5   mln. sTA8|E                                              -\,

Call    a   ohvsici;n    Immediately.
3'

UNSTIBLi

33J6,i SKINCONT^CT        wasn   thoroughly   with   Soap   ar`d   W8?er. V^':§,%§o::               `oo<o`R°g.i.=2

`NHALATioN                   NDA.

231             NA

iFswAiLowED        Call     a    PhYsicier.     Immediately.

N4   -h.oi  Appilc^ei€                                              Nc>A.  wOD^TAAVAiiABiE                                         <-L€s HA.`                                     >-MoaEiH^N

paa61   Of  I

cc)q''.  ,(c.  e 5 '.   .'=   :



Fiui:1   =1     'el    14:08   CHi5iJ   DIET    INr-O_rlGT   CiF-C_CEl`lcc-Il'I

MATERIAL  SAFETY  DATA  SHEET      pRooucT

F.4

SA   825   0012

G_ECTTON Vll = SPECIA[.Pf{ECAUTIONS
FaECAUTioNs TO aE TAKEN iN HANoiiriG ^No STOAACE

Keep  containers  closed.                                                                                                                            .
)

sEonoN viii - TFiANsrofITATioN OATA

3.          UN.a;Cat.I:tTTe°  E

u.s. a.a.T. .f`opeft 8HlppiNc NAME

*7

t.              rt:€uoL.^o?€D  I
U.a. a.a.T. tlAZAf`O CIASS I.a. NIJM8EB

4a 9

T.ANSFoflTATION€MERG£NCYlNfoftM^tloNCHEMTaEC1.(¢001434..300,,
:OQ                      #BELlsiA€QuiaEO
faEiGHT ciAssiFicATiaN5zPetroleu.   Lubricating   C`rease

I

SI£CL^L TRAN5PORT^TION NOTES13

SECTION tx - COMMENTt!

KEEP   OUT   OF   F`:AC`ri   OF   CHI  L.JREN!  !

\^/e  beli.Ve  the  6tatem®nt3.  technical  Information  end  .®comm.ndat!ons  Contt}inod  her.in  are  r®liabl..  but  they
are  given  wltnout  warra|ity  or  gu8r.ntce  ot  any  klnd,  express  or  Implied,  and  W.  ®3ium®  no  iesponllblli{y  for
any lagS.  damage.  or cxpEngo,  direct or con3equ®ntlal.  arising Out ot tholr use.

i.$6  2   o!   2
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F.i

SA   825   00!2

sECTfoN v( L` HANBi]NG'OF splLL8 aft iEAKs
raocEOuflE5 Fof` ci£AN.up

Tren5fer   bulk  of   material    into  another  container.      Absorb   remainlng   residue  wlth
Proper   absc>rbents   suc:h   8s   sane,   earth.   vermiculite.      Sweep   up   and   dlspose  as   SC>lld
waste   ln  accordance  tc>   local,   State  and   federal   regulat;ons.

".I
WAS TE OISPOSAl

By   methc)ds  conslste.nt  with   local,   state  and   federal    regulations.
I

SECTTQNV,,.LrspEC,At.PBECAUT,ONS
p86cAUTioNs Ta 8£ TAKEN iN HANoiiNc ^No sToaACE

Keep  containers  closed.                                                                                                                              .
13

SECTION Vlll - TflANSIOFTAT]ON DATA

a        uN.ei%¥8fTE°  a
u.s, a.O.T. .f`opEa 8HippiNG NAME

7

"           a:eg.`oT!O E
u.a. a.a.T. HAZAf}O Cl^S5 I.0. NUM3ER

48 9

tBANspoaTATioN Aa LABELi6i AEQuiaED

EMERGENCYWFOAM^TIONCHEMTREC1.{800|434..300 eo G'

Ffi EIGHTCIASSIFICATION

92 Petroleuii   Lubrlcetin§   C-rease
8iECLiL TRANspcmT^TioN NOTEs

|C 53

SEctloN IX -COMMENTS

KEEP   OUT   OF   i:AC.+   OF   CHI  L9REN!  !
}{1

I   \^/e  b.Ii6ve  th.  6tetemants.  technical  inlormBtiDn  end  recomm.ndatton®  Contllnod  h./®in  .ro  reliabl..  but  `hoy
ale  given   wltnout  warranty  or  gu8r®ntee  of  any  klnd.  expr®a8  or  lmplj.d.  ®r`d  W.  ®Sfum®  no  Jelponfibllitv  tor
any  loss.  damage.  or cxpen®o,  direct or congoqu®ntlal.  arising Out o{ thalr use.

C13;6   2   ct   2
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MATEBIAL  SAFETY  DATA  SHEET

P.5

tax   no.    :    042840
Pr'nt   Oat®

Last   R.viewed
Part   Typci   ar`d   Number                                                           Part   name
----------, I ,~ - ~ ,------ ~ ------- ~ ------.,-,-- 11 I, - - 11 -,-- + - - ~ ,,,---,,,,,,----,,,-- ~ , , ~
Ford    -U.S.     BATTERY    -ALL                                                      BATTERY    ELECTROLYTE
Hotorcrflt    -U.S.    BATTERY    -ALL                               BATTERY    EIECTROLYTE

---------------- tl ----  CHEH( GAL  AND   PHYS I GAL   PROPERTI ES  -------------------------

Hateria\    type                            LIQU!O
Sp.clfic   Gravity                 I.250
Bolllng   point                         >135   C
Fla5h   polnt                               Not   Appllcable
pH                                                              2.a

------------- I--HAZARDol'S   AND   OTHER   0lscIOSE0   lNGRE0l ENTS   ------- €--I--.E--I|---

P.rcent           Expo8ure   Llmlts   -TWA
R.nge               ACGIH/OSHA(where   e3t.)    CAS   number            Che!Tiicil    Wane

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

Expo.ure   Limlt   Abbreviatlens
-----,-,~---I,,---,,1~---,~,,,-~,,,,,
TWA-time  W.loht.d   Aver.g®     C-C.I]lnq

S-Short  Term   Expoture       Sk-Skin
Sol-Sotubl.  Compound£             Fu-Fumes

lnsol-In.olubl.   Conpounde        Ou-Oust <.,
LIL

--------------------- i---REGULATORY  I NFORAAT I ON  ----.---------------.--

This   product  cont]Ins  .   tc)xic   chemicel   or  ch.flica`f   lubJcct  to  the  report!n¢
requir.ments   of   Sactlon   313  of   Title   I I  I   ot   the   Super fund   Amendm.nts   &r\d
R.authorization  Act  of   1986  .nd   40  CFR  Part  372.

------------------.-------- S I GNAI WORD =====c±==±a=--±±_iI._
DANGER   --CORROSIVE

-d -.------------- n ------- I. HAZAROS --------.---.------.--------- e=a---=
Contact   w{th   this   in.teri&t   wlll   caw.e  burns   to   the   skin,   .yes   &Ad  8IuCoug
in.mbran®8.

Wh.n   tri!s   in.t.rla7   com.i   into   contact  with   the   .y.g,   Scrioug   d&mag.  may   occur.
Thie   prodl'ct   ls   h.rmfril   by   lnhalatloA,   wh.n  -in   contact   with   th.   3L!n

and   if    lt   is   .wallow.d.
ThiS   product   18    irrlt.ting   to   the   cye!,   respiratory   ey.ten  ar`d   ikln.
This   product   may   bc   fatal    lf    lt   IS   Swallowec!.

FORD   MOTOR   COMPANY
oEAfiaoRN   Mi   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
Pr1n`Dit...okp/aog2e/8o2

----- I -------------  TARGET  ORGANS   AND   Meg I GAL   COND ITIONS   ------ IIB-I-II ------ a--a

OV.rexpo3ure   to   &om.   hazardous    lngredlent&   in   thls   Product   A.9   been   found
to   affect   certaln  body   organs   and   Syston&   ln  exp.rim.ntal   &nimilt   and/c>r
human8.   The.a   include:

Lungs
Teach
Skln,    Ey.9,   and   R.Spiratory   SyStem

--------.-----.- nl -----  ACUTE  TOXI C ITY  I NFORMATI 0N  ----------.---- I ------- I

Based  on   th.  cclmpocltlon  of   th.   product   fdentlfted  by   th.  supplier,
±e`ected   portlon.   of   the   acute   toxicity   lnform&t:on   frcoi  RT€CS   ar.
3S   follows:
7664-93-9         SlllFuftlc   ACID

Inhalation,   .dolt   rat,   LC50  -;10  mq/m3    (2   liour.)
Oral.   adult   rat.   L050   -2140  mg/kg                                                          .

--I -------. I ---- ±± -------  SAP E  H^NDI I NG  AND  STORAGE--.IJli---====J-=T====__-------

Oo  not  breath.  9&s/flme./vipor/spray.
Il.a   thl±   prcdu¢t  with   ad.quata  v®Atll.tioA.
Oo  not  g.t   thls  in.t.rlal   Ill  your  eyes,   en  your  .kini   or   on  your  clothlnq.
Thlf   IS   an  oxldl2lno   .g.nt  -&vold  br[nglnq   lt   Into  cont]ct  wlth  an
organic  materi.I .

Star.  this  product   in  .lr-tlaht  contalnar&  aw.y  fron  !oLJrc..  of  heat  .nd
I i ght .

-d ----. uu--F IRE,   EXPLOSION  AND  REACTIvltY   INFORMTION  n--±== -------

Brinqlng   thlt   product   Into  contact  wlth  conbuetlble  mlter!.I   my  c&uea  4   f Ire.
EXTINGulsHER    INFORMTloN:    Dry   chemical,    foam.    carbon   dloxlde.
L]S.  w.tor   to  cool   fir.-.xpoead  containers  and  to  prat.ct  p.rlonnel.
W..I  S.lf-contain.d  br..thing  app.r&tu&.
Thl8   product  can  ra.ct  vlolently  wlth  reducing  .gent€  and.orpanlc  flat.rlals.
Exploelve  HYDROGEN   GAS  ftiey   be   r.I.a..d   lf   aqu.cu8   .olutlon&   al   thl.  mat.rlal
cemc   into   contact  with   reactlv.  metll!    (IRON,   ZINC.   ALUHINu")  .

Irritating  and/or   toxic  ton.a  aild  g.aes  may  b.  onltted  upon  h..tlnq  ot
thl:   product.

The  decompoiitlan  of   thl8  product  wl lr releise  toxlc  qa.aS.

FORD   MOTOR   COMPANY
DEARBORN   M(   4€121
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Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo298o3

--------------------  PROTECT I VE  H£ASuRES  AND  TREATMENTS  --.---- I--I ------- I---I

Use   of   an   impervious   apron   ls   r®¢ommended.
use   g®n¢ral   v.ntllation  and   u8c   local   exhaust.   where   posslbl.,    ln  confined   or
®nc`os®d   8pace£.

Wear   ch.mlc&l   goggl.8   and   fac.   Shield.
The  use  of   naopr.ne  glov.®   is   recom.hded.
In  c.se  of   contact  with  .y.S,   rln3e   ifrmedlately  w:th  plenty  of  water   and   ..ek
medical   advice.

Im.dlatety  t.k.  off  all   contain(nat.d  ctathing,
lf   th.  materlet   li   .wallowed,   get   lmedl.te  medicll   attention  or  advice  --
Giv.  sev.ral   gl.8ses  of  water  or  mHk.

It   q]l/fume/vapor/dust/ml5t   from   the  mat¢rlal    is   inhaled.   remove   the   affected
p.I.on   lrmediat®`y   to   fresh   air.

For   fkln   contact   f luah   with   large   amounts   of  water.
Wagh   thoroiighly   after   h.8ndHng.

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

lf   the  product   i&   Ingested.   probab`.  miicosal   a.mage  may   contr=iridlcate   the  use
of   8a&trl¢   t&va!e.     Tr.at   the  affected   person  aoproprlately.

---n -.----------------  SP I LLs i  LEAKS  AND  O I SPOSAL  ----- n ---.---.---- d===

Elfmin.t.  al]   .ource&  of   Ion:tlen  or  fl&rmabte!   that  may  con.   Into  contact        .
with  .   .pill   of   thls  Inat.rla!.

Avo:d  .kin   cor`t.ct   and   lnhalatlon  of  vapors   durlng  di.po..I   of   SpHIS.
BI.po8®  ot  w&&t.  materlal   .ccordlng   to   Loc&t,   Stet.,   .nd   F.d..al
Envlronm.nt.I   R.oulatlon8.

In  cage   of   ]arg.   .pilla,   foHow  all   facHlty   Em.rg.ncy  ReSponSe   Procedur.I.

---------.--.--------------. S P i C I AL  REMARtts  --.-------- I ---- d -----.-. f===.-

Thi81.   ®n  .cldlc  mlt.rlal.

--------... I .----  u.   S.   oEPARTHEirT  oF  TRANspoRTATioN   INFORMATioN  -.-Ii .--. ii ---- i=

Shlpping    n.me:    BATTERY   FLUID,    ACID      uN:    :79C
Ha:ard   Clas®i   Corroalv.  mat®rlal                   Ha!ard   Label!   Corrosive

The   ch.ftllcal   nlmc(i)   |ppe&ring   below,under   ''NME"  Jttust   .ppear   &e   part   of
Shipplna   n.mc   lF   the   amount   being   Chipped   in   each   coAtalner   exc.eds   the
quantlty   .hewn  under   "RQ"   below.     The   letters   ''RQ"  must   ®l.a   app.ar   as.  part
of   the   Shipplng   name,    ln   th.   form!

•hlpping   name.    ch®m!cal    name.    RQ.
For   U.S.      Shlpm®nti   fran   Ford   Facillties,   consult   the  ''Ford

Haz]rdou.  M.terial   Tran8portation  Control   Progr.in"  Aanual,   oth.rwisa
cor[8ult   49CFR172.
------ CAS--RQ (tbs)   -HME ------------.-----------.------------------------------

7664-93-9         2777         SuLFURIC   Aclo

FORD   MOTOF   COMPAN.Y__`--_ --., `,    J®1,1
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(CONTINUEDl
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Tax   no.    :    042840 °     print  D\te  i   oF/®o92e/9#

---------------- I ---.------  PREPARAT I 0N  I NFORMAT I oN  ----------------------- a-I--

H®alth   and   safety   lnformatior`   h&8   been   evaluated   by!

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

Fclr   .margen¢y   cau!       (313)    337-3182   -or-(313}    323-0045   (for   24  hour   ..rvice)

This   i.   the   last   page  of   thi.  HSOS.

FORD   MOTOR   COMPANY
OEABBC)EN   Ml   48t21



fiuG   21    '9114:10   CHGCI   DIST    IfJF-O_MGT   OFC_CENCC-Il`1

MATERIAL   SAFETY
DATA   SHEET

"OcO   REGULAR   LEae-FREE   GASoLIh.I

MSDS   NO;       02003992

P.9

MANUFACTURER/suppLIER!
Aboco  Oil  Conpeny

2!!c::::  i:#::i: D;i:81

gMERGENCY   HEALTH   INFORMATION:        (800)    447-8735
ERERGENCY   SPILL   INFORATION:       (800)   424-9300

C"REC,  U.S.A.
OTRER  pRat]tjcl   SAFETY   IrmoRmTiloN:      (312)   856-3907

IMPORTAtrr  CoueoNERTS:      Gagollne   (GAS   8006-61-9)   ^CGIH  TLV   300  ppn,   STEL   500   ppn;
OSIIA  PEL   300   par,   STEL   goo  pan.

!§:i::::§A¥ie!:::3!:i#!io:i:i:: 1:::'  Osm PBL 1 ppm
WARNING  STA"ENT :    £::a::|e::t5:::#e:::i:::: in::gha:3P::u::::eE:r=:i:ni£C::a:::::a

and/or  asplt.dted  into  lungs.  Can  produce  skin  lrrltation  on

::::::i:dt:rv:S:::tfgsc::::::.c:::e:8i:°i:Sos:::r;n:gin::::-term
"IS/NFPA  CODES:.(HEELTH;1) (FL"AalLITr; 3) (REACTIVITT;0) ,   Chronic  b.alth  hazard

APPEARA!lcE  AND  ODOR:     Clear,   bright   liquid.     Characteristic  odor.

!iEALTH  mzARD   INFORMAtioH

&TE

EFFECT:             High  concentrations  of  vapor/nist  nay  caus.  ere  dl&coufbrt.

FIRST  AID:      ;::#g:g::  vlth  plenty  of  vat.a.    Get  aedical  &ttentlon  if  irritation

PROTECTI0N!     Nan.  r.quired;   however,   use  of  ey.  protection  ls  good. iilduftrlal  practice.

EFFECT :

.SXI«

:::7::9::I::ti:?::ted  Contact  Can defat  th.  .kin  and  1.ad  to  lrrltation

FIRST  AI"     i::::§i§§&§!o::;:::i:i::::i:i::a:i:::.andFend:;®b::::=i::::?  C:::hi:gifa|

I.  .PROTECTION:  .   Avoid  prolonq€d  or   rcp®ated  .kin  contact.     Wear  protective   clothing  and
gloves   1f  prolonged  or  repeated  contact   i6  likely.

EFFECT i

INHALATION

Vapour  hamful.     High  vapor  concontrationg   can  cdu6e  headacheg,   dlzzlrless,
drcw5ine&a   and  nausea.     See  Toxlcoloqy  S®ctian.

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

PROTECTION:      Usa  With   adequate  ventilation.     Avoid  breathing.  vapor   and/or  nis...      1£
ventilation   ig   inadequate,   use  NIOSH/llSHA  certif i¢d  respirator  Which  vlll
protect   against  ctrganlc  vapor/mist.
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HEAI.TH   HAZARE   INFORMATION   -   CONTINUED

EFFECT :

FIRST   AID:

P.1®

INGESTION

Low  viscosity  product.     H6rmful  or   fatal   if  asplrated   into   lungs.

If   Swallowed,   do  NOT   lndiice  vomi`ting.     Get   lrmediate  medical   attention.

FIRE   AND   ExpLOsloN   INroRMAT[oN

Fl.ASHPOIRT :                 -4 50F

FLAl®{AELE   LIMITS:      UPPER:       7.6%      LOWER:       I.3S

AUTo{GNIT[ON   Ta{pERATURE :                     495OF

EXTINGulsHING  MEOIA!      Agents   approv®d   for  Class   8   hazards   (..g.,   dry  cheznical,   carbon
dioxide,   halogcnated  agents,   foam,   stearB)   or  voter   fog.

UNUSUAL  FIRE  Eng:1:i:i:£i:#tH:ZAI#::  b:;:::in::3r::a#a::;a:ai:r:£i:  :i:t:::8c£:=;  dA

explosive  nlxture   in  air.

PRECAUT(ONS:    £::g  :::¥a{:::  :i:::i?A  5::r:::h(:i:&tat:a:;A:i::::a:?a  Open  f}apea).

REACT[VITY   INFOE}<ATION

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

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

STA8IL]TY:      Burning   can  be  Star..ed  eaglly.

C"ICAL  AND   PHYSICAL   PROPERTIES

BOILING   POINT:                       80®F   TO                 430°F,   Range

8OLu8ILI]Y   IN  WATER:      Negligible,   b.low  a.1%.

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

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

VAPOR   I)ENS{TY    (AIR   -i):                   3   TO               4



iuI=-=:     'el     14:  11    CHiso    D15T    Il`lr-`:iJ'li:T   I:iF-I:_CENi:C-Ill
AMi;iu    rtLuuL,At{   Li±AL]-I.ftft;   GASuLINL
MSDS    NO:        02003992

PAGE   03   0F   05

STORAGE   AND   ENVIRONMENTAL   PROTECTION

P.11

SToaJIG!   REQUIREMENTS:      Store   in   flanmr`able   llqulds   stordg®   area.      Re.p   container   closed.
Store   away  from  h.dt,   ignltlon  sources,   and  open   flame   in
accordance  with  applicable  federal,   state,   or  local  regulations.

SPILLS  AND  LEAKS!     R.move  or   shut   of i   all   Sourceg   of   ignition.     Use  voter   Spray  to

€i:::5::tv:::::iaL]?::;?:Ce:££;i:::i::i , ±££:::8:::;;.  C£:::i:u:Ao:A
Sewers   and  watervay8.

WASTE  DISPOSAL:     Re$1dueg  and  spilled  znaterial  ere  h&2ardoug   voste  due  to   ignitablllty.
Oifpo&al  nest  be  ln  accordance  With  &ppllc8ble  f®derdl,   state,   or

ulations.     Ericlaaed-controll-.a  incineration  1g  recom.ndedlocal
unless

r:i
rected  oth.rwiB.  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   of   sewers   and  vat.rvays.      Avoid  strong   oxi6izers.
Report   aplllg   to   appropriate   authorities.     USE  AS  MOTOR  fuEL
ONLY .

TOXICOLOGICAL    INFOENATION

EYE:     Pz.imary  eye   irritation   score   0.a/110.0   (rabbits).

SXIN!     Primary  dern811rrltation  Score  I.I/8.0   (fabblta)
than  5nl/kg   (rabblta).     Practically  nonto*ic  for

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

.     Acute  dernal  L050  greater
acute  cxpogure8  by  this  route.

INGESTION:     Acute  oral  Lt}5018.8nl/kg   (rats).     Practically  nontoxic   for  acute
exposures  by  this  route.

Exces8ivc  .xpo4ure  to  vapors  nay  produce  h.adBches,   dlzzin.ss,   nausea,   drovsi-
nes§,   irritation  of  eyes,   nose  and  throat  and  central  nervous  systeTh
depregg 1 on .

!!;i;i:;!!!;:i#i!:;:i::!i!!::::iii:;:i::;:ii!:!!!;:i:i::i;;:i!!;:!i::::;
tumors.     Results  from  Subsequent  sci.ntific  atudlea  augg.st  that  the  kidney
damage  and  probably  the  kidney  tuner  r®4pon8e  are  tinlque  to  the  male  rat.     The
&1gnlf icance  of  the  mouse  liver  tuner  response   in  terns  of  human  health   is
quest lonablc .

Inhalation  of  whol.  unleaded  9asollne  vapors  did  not  produce  birth  defectg   in
laborator:.  animals.

Gasoline   ls  a  complex  nlxtur®  of  hydrocarban8  and  contains  benzene   (up  to  4
voluln.  t),   toluene  and  xylene.     Chronic  expo8tire  to  high  levels  of   b®n2ene  has
been  shown  to  cause  car`cer   (leukemia)   in  humans  and  other  adverse  blood  e££ects
(anemia).      B®rizene   ig   considered  a  human   carcinogen  by   IARC,   NIP   and  OsiiA.

:::;.:::::reh::a:¥±:A:n3nfa::::::: C:k:a::;e:I::::::a:n:°L::: #¥:#::I::a.
were   o®en   ln  chronic  studies  on  xylene   ln  gulnaa  pigs  but  not   in  rats.

Aspiration  of  this  product   iJitc  the  lungs   can  cause  chenlcal  pnounonia  and  can
be   i atal.     Aspiratic)a   into   the   lungs   can  occur  while  vomiting   after   ingestion
c)i  this   product.
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REGULATORY    INFORMATION

P.12

CBRCL^   REPORrrABLE   QUAItTITY!
This   product   is   exempt   from  the  CERCLA  reporting   requirem.nts   under   40   CFR
Part   302.4.     How®v.r,    if   Spllled   into  Waters  of   the  United  Statog,    it  may
be   reportable  under  40   CFR  Part   153   if   lt  produces   a  Sheen.

DOT   PROPER   SHIPPING  N"E!      Gasoilne,   Flammabl.  Liquid,   UN1203.

osrA  HAZARD  CounNICATION  STAxpARE :     #s¥:bi;  *i8¥#'  c:::its:t€o"S:::::¥i€:::8n£;ts

OSHA.     Cantalns  a  carcinogenic  comport.nt.

RCRA   STATUsi

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

COMPONENT/CAS   NUMBER------------------------------®,-,-----------------
Ethylben2ene   (loo-41-4)
Toluene .  (108-88-3 )
Xylene   (1330-20-7)

.SARI   STATUS!
ThL8  product   i8  regulet®d  under  the  folloving  a.ctlan(S)  of  SARI  Title  Ill,   42
Use  9601.  Spills  or  releases  of  the  product  "y  b.  reporteble  aa  a.t.rained  by
the   infarmatlon  given  below!

SECTIONS   311   AND   312   0F   SARI   END   40   CFR   PART   370:
This  product   is  de£1ned  ag   hazardous  by  oS!IA  under  29  CFR  Pert  l9lo.1200(d).

SECTION   313   oF   SAEA   AND   40   crR   PART   372:

£?::  i:O#C:r£09::in:.7:?a   following  Subgtences,  which  are  on  the  Toxic  Chenlcals

coMpONENT/cAs   NUMBER                                                                                          WEI G}rr   PERCENT--------------- ~ I, - '| ,--------------------------,-----------, I ~ ----
Benzene   (71-43-2)         .
Ethylberizene   (loo-41-4)
Toluene   (108-88-3)
Cyclohexane   (Ilo-82-7 )
Xylene   (1330-20-7)
MTBE    (L634-04-4)

TSCA  STATUS!     All  of   the  co]apon®nts   of  thlg  product   ar.listed  on  the  TSCA.Inventory.

S-u.PPLEMENTAL   INFORA'l'ION

Gasoline   i8  a  complex  mixture  of  hydrocarbons.     Those  riajor  coxpaneAt3  having
occupational  .xposur®  limits  are:

Butane    (CAS   106-97-8)    ACGIH   TLV   BOO   ppm;   OSHA   PEL   800   Ppn.

Cyclohexane   (GAS  ilo-82-7)   ACG"  TLV   300   ppn;   OSEL  Pal   300   pen.

Ethylbenzer`e   (GAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   ppn;
OSHA   PEL   loo   ppm,    STEL   125   ppm.
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n-H®ptane    (GAS   142-82-5)   ACGIH   TI.V   400   ppm,    STEL   500   ppm;
OSEL   PEL   400   ppm,    STEL   500   ppm.

n-Hexane   (GAS   Ilo-54-3)   ACGIH  TLV   50   pps;   OSHA  Pal   50   ppn.

P®ntdn®    (CA5109-66-0)   ACGIH  TLV   GOO   ppn,    STEL   7SO   ppm;
Ostm  Pal   600  ppm,   8TEL   750   ppn.

Toluene   (CAB   108-88-3)   ACGIH  TLV   loo   ppn,   STEL  150   ppn;
OS!iA  Pal  loo  ppn,   STEL  150  ppn.

Trim.thyl  b.nzene   (CAB  25551-13-7)   AcalH  TLV  25  ppr;   OSIIA  Pal.   25  ppm.

Xylene   (CAS   1330-20-7)   ACGIH  TLV   100   ppm,   STEl.150   ppn;
OstlA  Pal   loo  ppn,   STEL   150   ppm.

ISSUE   INFORATIC)N

BY:

7e GC+e-
R.   G.   Farm.r,   Director,
Product  Sat.ty  &  Toxicology

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

This  pateriol  eafety  data  Sheet  and  the   lAforzpation  it  ccintaLng.  is  offered  to  yoq   ln
goad  faith  as  accurate.     We  have  revleved  any  lnfomation  cantalned  in  thl8  data  Sheet
vhlch  v.  rec.iv.a  frou  Sourcea  outside  our  company.    W.  b.li¢ve  that  inforbatlon  to  be

!i:!i:!ii:;1!!:!!i::!!:i;;i;i::_i!j:::i:;:!!;i!¥:iff:i:i;;i;i::;:¥::i!::i:!!;:s
or   implied.
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U.S.  DEPAf]TMENT OF LABof]
Occupatloml €dlaty and-Holltli Admlnl.l[allon ..

•fv]AT-EFIIAL.S'AFET,Y.I.DATA.rsHEE,T•.t...._-
.

....,        .        .,.  8E.CTION  li..HAZAF`DOus.irioREDiENTs.
?^I.tT€. pFiE9EAv^trvtS, . eoivENT6 A tlv'Unlt,) ^lioy8 "0 wET^iiic cO^TINa8 ` TIV'|h''|)

rowou,I t,/A A=, Wft^| h,/A
caiureT

N/A ^||ay3 N/A
Veutcle ''/A •.TALitc cO^Tm.as N/A\
"VtNT&

N/A
'||CA WET^|

N/Anus co^7I.JO of` cof`€ Flux
^cO,',q,........'N/A •ot",It.    `                                 -..           .

fy/A
O'k..c......... t'/A

•

lt^ZMcou® wi*ruAE8 op atiitR ilouio€. eoiios, oA o^sEB    .    , * |V(un'',I

L_.

H.thrl.Alcohol                  I        .                                .    a                  ..."    ..        ."      " 38 aeop

Nonv.1bhenol  gurfaotrnt               C^S  #    68lyl2-givJl 001
_1,I

trichenvlmethane       O^g  #  2650L{.8-2             EP^  TSC^  List-Yes Tr,
'      '1.'',

SECTION  Ill     PHYSICAL DATA
•ctiiNO.OwT rF.I                                                .  i.         I.`. •TljA   .      .'..  ...-. 8'€c,.,cO*^',''',,ri.''L   I     I   I    ,    '

•g51"  I
v^ro. in..ant I- w. I

N/A
Mn€€NT vouTL I N/AvOIL"t ',I

'^b. OC`..,T' ,^t^. I ,                             .         ... ..     ' .
N/A`  .  .

(V^.OA^7fo.I l^l I
"I/A-I,''

•oiu.n.IT` in w^T€A
',   ,      i      i

^p.E^A^4Ic( ^no Ooof`
i      i   .  -:   .       .

SECTION  IV     FIBE  AND  EXPLOSION  llAZAF)0  DATA                              .     .  '_.
iiA4HroiNT.w.hctv'."         T,0.a.112   -a |^l*w^.I,`",'8   I.    '    I               I           ld            I           u.,

f'

IIImaui.ti"au[OM   in  choniaa|.co,  or  ^1aahol  fo
Ln

-
Mci^Lfi.emwNa"fec:Fr:S®If.eorfulned."tr®athinE

.I    t..       --

.                  .~,        .

WvyiLt]`crr"#.hp`.°a.tor.H¥^tEL  air  and  nay  tia'+el

_     _aonBldembl.  dlgtance  to  an  lgnltlon  8o a,

PAGE  (1)                                                                          (Conllnu.d  on  revel.e  lld;)
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IN.n.mo| .^iLo..o`.. u]Hlo
itr3iol  A+aJca ,Li,3l,t:TP„8B^    !toqqTf=|o-lir®stde $3^0`0  9^. I a.. i Ou.

•     :    ,,'',a'',',u,9,|ya'',y'IJln

.        1.YiLJ»n`Pdxa  .BAotdula  T02tuoa   a+   a+t}TIao,E,qvt|,;.„¥:Dq,ANO',,1'|,,a^

I..4i.t®.Osl t.a.io.lo.J A-a.Vu..Cl.

Noll.vWuo]Ni Noi.LoaJ.oud lvlo]ds    iii^ Nc)ii.3a§

iJ,

•    I       .uoTtnTOB   e|n[Tp   jo.+uBu`®a2t   [t}OTaoloTq.  `uoTlt}+.Lleo,u|

ocML3n iyao.3IO I.wN I

•Aeur®+eA  i.zrLi.LJ  a+   p€®[  tioTVx  ti@uo+TP  PLJ.  8J:9tL®9   uJoiB  a+tiT  jjo-LI"[i.rTo^y
•..tmo8  UOT+TraT  .+.uT fit.   '...I.  Pa+'.[T+uaut.,I.I?,5a.u[T,`5u.8iivE3¥,:,a.,.?..u,T*?*°,I...o°,i5g„

satinaaoot]d xv3l tlollld8    ii^ Noi].Das                                   .  :

3T  ' .ii.`|_=,=,||]:,-]j,':i    i-:I|.I-Cij|||     |'=.|1]    ;=iL:lH=\    :I  :t-T     Tt-.,      T=    :-i-+I



•.  5eE5E2RIME/E

PBOPERTIES  ANC;. SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emulsion  Produc:S  are  packaged  .in  coriver`ier,
one-pouncl.  one.half,  one-third.  and  one-quar..er  pouncl  cartridges  ant
formulated  to  provide  a  seismic  Pulse  equa!  to  dynamite  for  clear.  s!iai:
seismic recorc!s.

Al:hough  classified  as  high  explosive,  seispRIME/E  emiilsions  are  no.I
headache and have excellent resis:ance to  accider,:al  detcinatic>n by friction  I
im.pact.

Spiral-wc..nd  1.'4  to  1;'2-pound  paper  cartric:ges  are-easily  capped  ant
waxed to sleep well.

pRODucT                                       E-1                E-1 /2           E-1 re          E-1;4

We!9ht
Slze
S,yle
Derisity (gin/cc)
Velocity  (fps)  (iin¢c]rifinecl)

Detonation pressure

(kilc]bars)
Abso`ute  Bulk Strength

(Gal,cc\
Fie:ative  Sulk S{reng{ri

(AN FC)= loot,

One pound    1/2 Pound
21t'4x81t'211j2x8

49SW
1.18                        `'.15

16.SO0              16,000

100                    loo

1A Pound  1/4 Pound
11/8x8            1x8

S;IN                S;IN
1.15                     1.15

15,000           14,5C)0

loo               loo

775               775

10$                 105

PACKAGING
Available  in  four sizes  to meet vertical  stacking  ant

-mini-hole" applications. seispF3IME/E in the one-pour

size   is   packaged   in  thin.-walled,   easy  couplini
cartridges  for  vertical  stacking  or  larger  downho!
shots'

In  the  1/2  to  i.'4-pound  sizes,  seispF3lME,'.:  i

packagec! in spiral-vyound paper ca.|ridges.
All sizes have excellent vi'a:e,. resistance and can b

initiaied with a #8 strength STATICMASTEF\ aetonator

57Tfl7YGA4L45FEE€`.  =iectri= [ieteriaters for Seistmic :xpiora±ioi-;
DESIGNED  FOB  SEISMIC  WOBK  -  Exclusive Atlas  eiec{ric  rr,atch  provides  reliab

detonation  with  minimiim  lag  time  and  scatter.  Full #8  strength. explosive  output to  he
insure initiation of the seismic ciiarge, even under severe conditions.

UNEXCELLED  PERFORMANCE  -  F3igid  s{at!stical  ciuality control tests  are  perfc>rm€
on  all  components  and  on  the  completed  detc>nator to  assure  reliable  ancl  ccinsiste;
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer insulation  provide
aclditional protection against snorting of legwires under extreme conditions.

WATEB  AND  WEATHEB.PBOOF  .  Legwire  insulation  is  designed  to  withs{ar
extremes of heat and cold and the severe conditic]ns encountered in deep-hole loadjn
All  detonators  contain  a  double-crimped  rubber  plug  to  provide  a  water-tight  se£
Excellertt firing characteristics permit use in single-hole or murtiple-hole pattern shootin(

PROPEBTIES AND SPECIFICATIONS
•  Detonator strer'gth -#8
•  Functioning  {')me scafler .  Less than O.OC)1  second; even

lower as firln§  c'Jrrent ls increased
•  Re:3m.mended firing current -3 tc>  1, 0 amps  DC. 4 tct  10

an\os  AC
•  Wa.tar im„iiersion depth (max. tested) -500 feet
•  Bric!g9\^.ire  resistance  .  0.9 C)hms
•   Det.ctna{3r snel)  -  Gilciing  metal

BEDucED sENsmviTy
TO EXTBANEOUS ELECTBICITY

.i.  s:ec;a.   I)rlcgewire  and  the  SF  featijre  in  the  electric  match
arc)\.!C]e  recucec  S€n3iti\Jl{y  {0  Slatlc  electriclty.

OPERATING AIDS
With  recommended  firing  currents,  STATICMASTEB  electr

cletonatc>rs meet all  requirements for series firing.
WAF]NING  -  Dc)  not  ilse  STATICMASTEB  electric  c}etonators
the same circi[it w'ith other types or brancls of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  coma  with  spoole

dilplex  copper  leac}  wires  (yellow color)  in  lengths  of  40'.  60',  8(
10C)..120',150'.160',   200',  250',   3C)O',  anc!  400`:  and  in  shortt
legwire  lengths  (folded  duplex  wires,  yel(ow)  measuring  12',  2C
ar'd 24'.
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`'      HAZARDOUS         CHEMI   GAL      MATERIAL      S   AFETY      DATA      SHEET

ArlAs  pounER  comANy
15301   DAI.IAS   PARICWAY
SUITE   1200
DALLAS,   TEXAS      75248
TUX  910-860-5237

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

3.     IffDlcAL  E4ERCENc¥' TELEPHONE  NrmERS:

EAST  OF  THE  MISSISSIPPI:      717   -386   i   4121
REST  OF  THE  MISSISSIPPI:      417   -624   -0212

TEE  MATERIAI.S   DESCRIBED   IN  HIS   DATA  SHEET  ARE:

HAZARDOUS   CHEMICAL   INGREDIENTS

REVISION:      ODe

5,      CtlBfICAL  AID  CO"oN  NAiE(s)   OF  nAZARDous   CE"ICAL  MIXTURE/INGREDIENTs:

ApexLAll  Grades,   RXL  614,   RXL  615.   PowerAh.-All  Grades,   Bulk  Emulsions-All  Grades

Major  Hazardous  Irigredletics  Include:
AREoniun Nitrate
Diesel  011  (In  Some  Formulas)

TS CA                        GAS                             RTE CS
LISTED                     NO,                                 NO.

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

Note:     See  MSDS  for  Armonitin  Nitrate  Plus  fuel  Oil

6.      PHYSICAL  AND  CE"ICAL  CHARACTERISTICS:
Vapor       Flash    }£elting    Boiling    Specif ic

Pressure     Peinc     Poinc®C Point®C     C=avicv
Hol,
EEL      Q4±E    Appearance

7,

8.`\

Amoalu-I  Nitrate            0                 a              155              190               1.725         83         None    "Thice  soli€
Diesel  oil                       ad               nd                   nd       147.371          0.87            tld    Pungetlc  Broom  Liqui
Hixtt)re                                 Meg.           nd                    nd             1251-I   to   I.3     NA          None     Whi:e  Gre€s

nd  =  No  Data           d  =  Dissociat:es       na  a    Not  Applicable
PHYSICAL  HAZARDS :

Atnoniuta  Nitrate  -DOT:     Oxldizer
Mix-cure    DOT  Explosive,   Blasting  Agent

HEAL"  IIAZARI)S :
•-.- _      .--.--

carciri08en
Corrosive
nghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feccs

9.      PRI}|ARY   ROUTE(S)   OF   ENTRY:               No   Data

10.      PERMISSIBLE   EXPOSURE  LILHITS:         No   Data

Diesel  oil:     Flamable

------,,- J= +_   _

Ref:   Regiscr:`.  of   Tc)xic  E££ects
of   Chemic:al   Substances   (RTECS)

N  =    No  C:iteria  Match
Y  I    Poslclve  Criteria  Match

per   RT£CS
nd   I     Na   Deca
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11.     I.ISTINCS:

rmmlAI,

1      ,   _`       J

Emulsions/Ah.FO   5ler`ds
Page   2

NIP  ANNUAL   REPORT                   IARC                             0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARC INOG EN

12.      cENERALLy  AppLlcABLE   pRECAUTIONs  FOR  sArE  EANDLINc  AND   USE:

FTCIENIC  PRACTICES :

Avoid  Skin  and  Eye  Contact.     Avoid  Ereaching  Blasting  Fumes.
pROTECTlvE  MRAsuREs  DURING  REPAIR  AND  RAINrmANCE  OF  cONTAHNATm  EQulpMrm:

Use  tloti  sparking  Caolg,   avoid  open  flame,  wear  norasl  safety  equipment,
Such  as  safety  glasses  and  hard  hat.

PROCEDURES   FOR  CLEANUP   OP   SPILLS   AIO  LEAKS:

Bulk  Product!     Isolate  and  cotitain  spilled  macerlal.   Coatacc  Distributor
ctr  A=1as  Powder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  With  all  Federal  and  State  Regula,tictr.s.
In  the  event  of  a  Toajor  spill,   contact  the  National  Response
Center  (800J24-8802)  and  the  local  Police.

13.      CONTROL  IGASURES:

ENGIREmENc:

WORK   PRACTICES:

Follow  BATE  standards   for   §tofage   (27   CFR   151   Subparc  3)
Except   for  Bulk  prc}duecs,   see  "Do's   and  Don'Cs  -Instruccioris  and

Waming§"  -found  in  every  sbipping  case.
See  Institute  of  Makers  of  Explosives  Pu.Dlicafictns.

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

Warnings"  -  ±ouad  in  every  shipping  case.
See  Inscituce  o£  Makers  o£  Explosives  Publications.

PERSONAI  PROTECTIVE  EQUIPRENT :

Avoid  toxic  fumes  from  bla.sting,  wear  no=tr.al  protective  equipment,
such  as  Safecy  glasses,  hard  hats,   etc.

14.     RERCEh'cy  AND  FIRST  AII>   pROcmuREs:
-.        I  .        -

Do  tiat  attetnpt  to  figh[  fires  involving  explosives.
Itnmediately  evacuate  the  area.     Avoid  toxic  funes  ftotn  fires.
In  case  cif   skirl  cor}Cact,   wash  affec:t:ed  area  tL.ith  water.      Eye  cotlcacc  -
flush  eyes  for  ac  least   15  rinuces  and  consult  a  Physician.

15.      DISCIAIRER: The  above  lnfornacion  taken  frotE  various  published  and  unpublished
sources  ls  believed  to  be  accurate  and  represents  the  best
infor-Lration  currently  av3ilable   co  us.     However.   ue  Bake  no  uarranc:,.
of  the  accuracy  of   such  -;nfortnacion,   e]i.press  or  implied,   and  assutie
no  liabllicy  resulting  frcm  its  use.     Users  should  Bake  their  o`.in

#¥=:ts82:fg3Ea:°pS:;8::i?e  the  Suicabillty  of  the  inf orme:ion  for
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`¥'an Amburgh/A;err.a, !nc.
12tmP-"
1220 hkm Oeda. Bank Towel

-

Soc.    o±   Explor.   Gee.physic
c/o   Ks.   Geologl.cal   Survey
1930   Constant   Aye.

INVOICE
iNvoroE D^TE mvox3E NO. PAC'-

11/18/91 40849 1

Savl     Fort   Bend   Co.   Delivery         4\\L-
Lawrence,   KS     66046                                                                                                  ;,

j:-.=f.  .'  '!.`... ;     fjar3Ef` 9i.-.E   i    ."i.'jt-*?nEi! !    Oeera    !.      ..   c,,,:E,`'J3Croe?`0. SHIP V'A SHIP DATE TEqus

4J8H11/15/91 S30
I:.,..

Our   Truck 11/15/81 Net   30   Days
'TEM NO. fTEM DESCF]lp"ON

a:i.I`~r:TH3tir.€:S.i:C` cL`.¢hjTrfysilippE:. ST,/`.UNIT  !               IjtirT paic€ PF2reE IjNrT DIScoliw     I                 EXTENDED PF]lcE

550408000 80'    SW   STATICM STER c.rf
CUCLB..*sAl1CLBCU(.,.,'i...-...,,'.-...t,''.:I,1..),.'-t•:d!-.-

\.Ii..'...      ...    I.I.`-..,:`-:.1:I;:;;l•....,:-...i...`...':i•--.:;..:I..o.I-.`-...`•-.:I..,...;...:..ii_-__i:£3_±

97 . 98...6.'5612,000 12.000 EACH 816.50

10812533 SEISPRIME   E   1- /8'X /3
`." ..4  . 000 .€..--` •.........,..         ,         .4.000.- LB.. -t€.. ...-.,  .  .164 . 00`t

9o.ooooo5.1`.,:-..:.'...:.-..-.,.:....:;i

-.''., .  '  ..HAz,ARDOu§ . .inTR
HNDL

•-CHG                 .  ,  .  -     . .       .,    ...   -        ~-.'-..i.`,=-_. .:."-,...- .   giv,1,;.26.78,s.,.-.,•...,...

§ooo-ool-qo.I

'::,-        .-I.-..   ;     .`     1.000
.%sAL •....   -..`   ...    -..     .`:..    3..;   1.-4.1,.

•-. . `.i.,R. C . d . -  ' H I GH
EXPLO

`..IVIE S

.''.     4.000 4 . 000 LB 8;506.50\''a..-I .®,`~ ..-,,,``:'':``;`-\,\.

900000006 I.R.C.C.    -DET NATOR
12.000,I,..i...... .;`.':.--.' :,+:-..,.., 12 . 000 EACHI.

`.,.''./,', -•11.:..i;? ,i: (-:I-`,.,,,..I;'i.(;,.7} I//f
•fD J3/4`'.

•E#3                                                                         `     I        ,s.fe=s.:!¥l                   .o8::3s^LEs AMcrm 108 . 7£
MISC. CHAF3GES .00

FFrelaHr .00
SALES TAX

TOTAL ~1®

pAywEur REc.O
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