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The Kansas  Geological Survey does  not guarantee this document to be  free from
errors    or    inaccuracies    and    disclaims    any    responsibility    or    liability    for
interpretations based on data used in the production of this document or decisions
based thereon.   This report is intended to make results of research available at the
earliest possible date, but is not intended to constitute final or fomal publication.



KANSAS GEOLOGICAL SURVIY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                        Vertical seismic profile and Extension of
High Resolution Seismic Reflection Survey
to Delineate Buried RIver Channel under
the Marine Corps Air Station, Cherry Point,
North Carolina

Location:

Site Safety Officer:

Plan Prepared By:

Cherry Point, North Carolina

Richard D. NIer

Richard D. NIer

Estimated Duration of Field work:   5-7 days

11.        STATEMENT OF WORK

The Vertical Seismic Profile (VSP) will be designed to complement existing high
resolution seismic reflection data, providing information for correlation to geophysical
and lithologic logs as well as estimation of some material properties.  The existing
seismic reflection data seems to possess resolution potential on the order of 5 to 10 ft in
the Neuse River Valley alluvium near Cherry Point, North Carolina.  This VSP survey
will be incorporated into the interpretation of existing surface seismic reflection data
improving travel time-to-depth conversions, estimates of reflectivity from existing
electric and geologic logs, and some geologic information in the proximity of the
borehole.  Based on the accuracy of the geologic and hydrologic model derived from
interpretations of geophysical logs, VSP, shallow seismic reflection profiles, borehole
logs (lithologic), and well measurements, a continuation of the shallow seismic
reflection program may be appropriate.  The design and implementation of the VSP as
well as the extension of the shallow seismic reflection survey are intended primarily to
improve continuity of subsurface coverage in areas suspected of abruptly changing
structures or bed terminations within the upper 150 ft.

The goal of this geophysical survey is to improve the understanding and
correlation of borehole and surface geophysical data as it relates to the inferred
paleochannel suspected to underlie most if not all of the industrial area of the Marine
Corps Air Base at Cherry Point, North Carolina.  Delineation of this inferred channel is
critical to the characterization of the spatial variability of the hydraulic properties of the
aquifers and confining units in this area.  Geologic interfaces between 30 and 150 ft
represent the target of this survey.  To improve the accuracy of the buried channel
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orientation, geometry, and size inferred from a previous shallow seismic reflection
survey, we propose to acquire approximately 2 to 3 VSPs and about 4000 ft of total
subsurface coverage over 3 lines.

The acquisition, processing, and interpretation of VSPs will be consistent and
follow well established methodologies (Hardage,1983).  As with all acoustic methods,
application of petroleum industry developed methodologies to shallow targets
generally require considerable attention to detail and skepticism related to rules-of-
thumb and assumptions (Steeples and Miller,1990).  A walkaway VSP oriented
perpendicular to the interpreted channels with offsets ranging from near-vertical to
several times the maximum depth of interest will be acquired at each of the three holes.
The near-zero offset VSP (ZVSP) profiles will be used to determine precise ties between
log data and reflection events interpreted on CDP stacked surface seismic sections.  The
offset VSP (OVSP) profiles will assist with estimation of lithology and structural
changes in geology around the wells.

The proposed extension of the shallow seismic reflection survey will consist of 3
or so lines totaling about 4000 linear ft.  Several long lines (i.e., 1000+ ft) properly placed
should drastically improve confidence of channel interpretations.  Optimal parameter
and equipment selection will be based on maintaining consistency with previous
surveys in this area.  Proven high resolution techniques (Steeples and Miller, 1990) will
be used to acquire data on this survey.  Production data will be acquired in a standard
CDP format (Mayne, 1962) using roll-along acquisition techniques similar to
conventional petroleum exploration data acquisition.  The geophone spacing, analog
filtering, seismic source, geophone type, spread geometry, sampling interval, total
samples, shots/point, and acquisition philosophy will be based on experience at this
site and findings from the VSP survey.

The primary goal of the shallow seismic reflection survey will be to image the
transition zones indicative of the channel boundaries.  From previous experience at this
site, the transition will not be represented by a definitive absence of reflection events,
but is more accurately described as a relative change in reflection characteristics and
arrival time depth across an acoustically imageable erosional boundary (Figure 1).
Continuous subsurface coverage, therefore, seems important to effectively image clay
layers/lenses that are either discontinuous or drastically change orientation and/or
thickness.  The relative size of the features of interest make detecting change over any
single small horizontal subsurface interval a chance happening.

Vertical Seismic Profiles (VSP)

The VSPs will be performed after an extensive series of tests in a single four inch
PVC well.  The purpose of the borehole tests will be  to determine the appropriate
equipment and parameters necessary to effectively image reflectors at depths from 30 to
150 ft deep using conventional VSP technology.  The testing will determine receiver (a
hydrophone vs a hole lock geophone) optimum spacing, source offset interval, and
source (hammer or 30.06).  To maximize the tie to existing seismic reflection data a
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downhole 30.06 will be the most probable source although a sledge hammer and 12-
gauge downhole shotgun source will be available if deemed necessary.  The entire VSP
testing phase should be completed in the half first day.

The walkaway VSPs will be conducted perpendicular to the interpreted paleo-
channel and as near previous seismic lines as possible.  The walkaway will consist of
source-to-well offsets ranging from 4 ft to approximately 196 ft with the exact interval
dependent on previous testing.  The number of shots stacked per station will depend on
recorded energy levels and negative spectral effects of vertical stacking impulsive
sources.

The receiver interval will depend on resolution requirement based on com-
parison with existing surface seismic data and dominant frequency of the recorded VSP
data.  If the hydrophone is used to record the VSP data, the first receiver station will be
about 5 to 8 ft below static water table.  The tube wave will be the primary concern if the
hydrophone is used in this very low acoustic velocity environment.  The hole-lock
geophone is the preferred receiver, but to optimize this receiver the hole must be
evacuated of fluid.  This can be effectively accomplished by placing a pneumatic packer
just above the screen and pushing fluid through the packer and back into the formation
(thus avoiding disposal problems).  This may require decon of the packer as well as
geophone.  If the downhole geophone is used for the VSP some extra time must be
allotted for hole preparation.  The receiver interval will most likely be on the order of 2
to 4 ft.

Data collected during the VSP 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 station.
The uncorrected sections will be trace balanced and displayed in a variable-area wiggle
trace format.

Final VSP section will be processed to be directly compared with existing CDP
stacked reflection data.  A single section will be generated for each source location
including all receiver location sampled.  Each trace in the shot gather will be time
shifted to compensate for the one-way traveltime to the surface.  This corrected shot
gather will then be compared to a portion of the CDP stacked section nearest to the well
and any borehole information available.  The data will be sorted, bandpass filtered,
AGC scaled, and displayed in wiggle trace format.

CONTINUATION OF THE PRODUCTION CDP SEISMIC REFLECTION PHASE

The production CDP acquisition phase of this project will begin as soon after the
testing phase as is agreeable to both USGS and KGS.  The data should be acquired in
five days or less.  Field parameters and recording equipment selections will be dictated
by the results of the VSPs and previous reflection results from this area.
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The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 12-fold CDP stack.  The geophone station interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 4 ft, which will result in a 2 ft horizontal
subsurface sample interval.  The data will probably be acquired using a split-spread
geometry to maximize the number of close offset traces recorded and improve dip
control.  The source spacing will be 8 ft thereby reducing the fold by half from the
previous survey at this site.  The source-to-nearest receiver will probably be on the
order of 3 to 4 ft with a maximum source-to-receiver offset of approximately 100 ft.
Modification to the source/receiver geometries and offsets may be necessary after
analysis of the data acquired during the testing phase.

The equipment used to acquire the production lines will be based on the results
of the individual walkaway tests performed at each of the proposed line locations
during the testing phase of the survey.  The data will be acquired on a 48-channel, 24-bit
Geometrics Strataview seismograph.  The downhole 30.06 will be the preferred seismic
source for the production lines, but the 12-gauge explosive source, and 20 lb sledge
hammer will be available if conditions require their use.  The L-40A 100 Hz geophones
with variable damping capability will be the preferred choice for the receivers on the
production line.

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

The principal CDP lines will be brute processed with commercial processing
software into a CDP stacked format at KGS's Lawrence, Kansas facility.  The basic
architecture and sequence of steps to be followed during the generation of the brute
stacked sections will be similar to conventional petroleum exploration processing flows
with exceptions relating to the step-by-step QC necessary for the generation of a brute
stacked section allowing a reasonably confident interpretation of shallow features
(Miller et al.,1989, Miller et al.,1990, Miller and Steeples,1991; Miller,1992).

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

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

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

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

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

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

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

Safetv Personnel and Emergencv Contacts

1.         Rick Miller Q(GSLsite safety officer

2.        Joe Anderson (KGS)aperations

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

4.        David Laflen urGS)-Line chief

5.         Jianghai xia (KGS)-Technical specialist
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRINI\                              ComDanv Signature

Site Safety Officer
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SDecific Safetv Requirements

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

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

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

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

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

All will be required to comply with mles 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 warning signs such as "Keep out,"'No smoking,"
"Eye Protection Required," and "Authorized Personnel Chly."  Become familiar

with site specific emergency response plans.

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

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

10.N is permitted to use intoxicants or to be under the influence
of any intoxicant or drug while on the job.  This includes any time when
operating a company vehicle.  Failure to obey this policy may result in
immediate termination of employment with KGS.

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

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emerg:encv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

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

HOspital:
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Procedures

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

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

The following persons are also certified as indicated (please circle area[s] of
certification):

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Fire/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.  TTiis
vehicle will be used for medical evacuation of project personnel, if necessary.
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VI.      ACTIVITY HAZARD ANALYSIS

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

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

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

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

Enerev Release.  The energy release of the projectile is approximately 14;00 footpounds
at thg-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.  h previous experience, when the bullets
have hit hard materials such as solid limestones or cemented sandstones, examination
revealed that either the bullet disintegrated, or the rock shattered, or both.
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Transportation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber military-style ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

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

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

VII.     SAFETY ANALYSIS

The attached analysis list postulated hazards, consequences of those hazards, and the
means of prevention or mitigation of each hazard associated with this survey activity
(Attachment4).

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

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

X.         REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, Fz.rc¢ms S¢fy.
DOE Report DOE/EV/06194-3, DOE £xpzosz.zJcs S¢¢fty M¢71owJ.
ID Appendix 0550, Sfa7tderd Opcrafr.o7t¢Z Sa¢fty Reqw!.re7ne7tfs, Part IH, Subpart I, "Explosives"

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

Practice, and Combat
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SAFETY   ANALYSIS

Page   I

Pp_tential   Hazard

Lost/Stolen  Ammunition

Durinq   Loadinq/Unloadinq:

Dropped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firinq:

Muzzle  Air   Blast

Ricochet

Fl ashburns

Consequences

Personal   injury  or  property
damage   from  unauthorized   use.

Personal   injury   from
accidental   discharge.

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

Personal   injury   from  flying
rocks,   soil,   deL)ris.

.

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
persona

Discharge   into  earth  or  containment  device
suppresses  muzzle   flash.



SAFETY    ANALYSIS

Page   2

Potential   Hazard

Misfire

Accidental   discharge  of
seismic  gun

Plugged  I)arrel   -dirt

Plugged  barrel   -water

Barrel   disengagement   from
pl ate

Breech   disengagement   from
barrel

Durinq   Transport

Accidental   discharge

Consequences

Personal   injury   from
sul}sequent   accidental
discharge   of  misfired   round.

Injury  to  unintended  target.

Damage   to   barrel   and
resultant  personal   injury.

Damage   to   barrel   and
resultant  personal   injury.

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

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

Injury   to  unintended  target.

Mitiqation/Prevention   Mechanism

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

Assure   that  operating   procedures
prevent   transport  of  loaded   seismic  gun.

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

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

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

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

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



SAFETY   ANALYSIS
Page   3

Potential   Hazard

Accidental   drop  or  collision

Conseciuences

Damage  to   barrel   or   firing
mechanism

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.
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EJxployee   Name:

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

irator  Cert.if ication

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

Comments :

of  Increased  Risk  -  Asbestos

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

Colrments :

Clearance  for  Hazardous  Waste  Site  Work

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

has  no  in.edical  contraindicatj .  `i   tc  full  participation  in
hazardous  waste  site  work,   wh ....  conducted  under  the  conditions
of  adequate  training  and  a  health  and  safety  plan.

has  medical  limitations  tr`.at  restrict  full  participation  in
hazardous  waste  site  work.     (Describe  work  function
limitations,   i.e. ,   lifting,   tellporarv  limit€!tion,  pendj.ng
medical  follow-up  work,   etc. )

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

¢ormencs :

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

Nalr`e  ot  physician:

Address :            5roo
Please

fedeval/hcnora  10/89

Date





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

I         Handling (always assume loaded and ready to fire)

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

1.          In field:

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

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

8.        Cleaning

1.          Daily,
Must be inspected for unusual wear, signs of metal fatigue, or struc-

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

and checked for signs of fatigue.
The bolts that secure the gun to the protective steel plate aLre 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 loaded round
Return a mis~fire to live round canisters



March   24,    1987

llANDATORY    SAFETY    RULES     FOR    USE    0F    THE

.50-CALIBER    SEISMIC    GUN

The   .50-Gal   seismic   gun   is   powerful   aLnd   must   be   securely   posi[ioned  when
fired.     Danger  exists   not   otily  with   the   bullet   projectile,   but  also  with   the
recoil  of  a   loose  gun.     Be  sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   t>olt  with  a  metal  object.     If   the  gun   is   jamming  or   stick-
ing,   clean  lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will  help
avoid   the  cohesion  of   dirt   and   sand   to   the   parts.

Operatloaal  Saf ety  Rules

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

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

3.     ALWAYS   unlock   the   tiol[   when  moving   the   gun   (disam   ic).

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

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

6.     ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

I)owhole  Mode

Be   sure   all   TDounting   bolts   are   [i8hc.      Do   not   .force   Ct`e   gun   down   an
augered  hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   t'tiat   the   base  plate.
rests   on   the   ground.     Hav-e   two   people   stand   on   the   plate   .w.nen   firing   (flex
knees   Eo   absorb   the   shock).

If   the   hole   has   watp.r   ln   i[,   seal   the   muzzle   of   tt`e   gun  w.i.[h   tape   or   a
balloon   to  keep  water   from  seeping   into   the   barrel.     Avoid   tt`is   situ..ition,   if
possible.     Water   in   the   barrel   tnay   seriously   damage   the   sun  when   fired.
Injury  is  possible.

Surface  Mode

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



> /  ,  `' , c` I-

opEPIATioN;sAFErv puLEs AND BEGULATioNs
FOF3 |l|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   js   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.

operation    and    Safetv    F3eaulations

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

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

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

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



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

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

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

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



hproved Shallow Seismic-Reflection Source: Buflding a Better Buffalo

John Healey. Jae Anderson, Richard Miller, Declr. Keisu)etter, Don Steeples,
and  Brett Bennett, Kansas Geological Surue)I

SUMMARY

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

INTRODUCTION

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

The most commonly used  seismic
sources on shallow engineering surveys  have  fallen
under two main categories:   explosives or weight
drops.   The explosive category includes both high
explosives  and 'guns'.   Weight-drop  sources include
everything from mechanically assisted vertical mass
impacts (usually >20 kg mass) to human-assisted
vertical  mass impacts (sledge hammers, malls,  and
thors).   Recerit advaLnces 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 over hammers, spuITed the
shallow  seismic-reflection industry.    Downhole
shotgun  sources  possess  significantly more  energy in

the 200 to 600 Hz range in comparison to hammer
sources  (Pul]an  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-
fiequency 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 incorporates all the previous
operations  and  configurations into  a single  pass
source.

The auger gun consists of three main
parts:   power source (skid-steer loader),  auger/screw,
and modified buffalo gun (Figure  1).   The power
source for testing described here is a 25 hp, 4-wheel
drive,  1.2  in wide,  hydraulic loader.   The  auger/screw
is a modified hydraulic auger 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 ground.   Once
the 4-wheel-drive loader is in place.  the containment
plate is lowered to the ground sui.face wit,h the weight
of the loader placed on the plate.   The hollow-stem
auger flight is then screwed int,o the ground using a
gaging device designed to ensure  the night is screwed
into the ground at a fixed rate and no material is
removed from the hole.   Screwing the auger fligbt
into the ground accoTnplishes both exceptional blast
containment and minimal  residual  borehoie.   After
the auger flight is securely screwed into the ground
80+ cm. t,he modified buffalo gun is loaded (by sliding
the gun over a shotgun shell), lo\`'ered down the
center of the hydraulic drive head, through the
hollow stem auger flighting, and  seated into a sleeve
at the base of the auger flight.  Watei- can be poured
through  t.he hollow stem  auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
either a hammer impact on the top of the 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.TheaugergunincorporatesSeveralkey

characteristics designed and previously shown to
enhance  high-frequency seismic signal  at the
expense of air-coupled wave and ground roll  while
maximizing mobility, operator safety, field efriciency,
and ground coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efficiency is maxihized by incorporating the
borehole preparation with the gun placement and
detonaLtion.   The massive nature of the design and
improved shell-loading procedure  minimizes risk to
the operator.  Mobility is only restricted by the 1.2 in
wide, 4-wheel-drive loader.   Environmental impact is
minimal with remnants of the operation restricted to
a nominal 4 cm corkscrew hole approximately 80 cm
deep.

RESULTS

Data acquired for this test were recorded
on an Inpuvoutput DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
1/2 ms and record length was 500 ms.  The receivers
were three L28E Mark Products 40-Hz geophones
wired in series and arranged in a 1 in in-line array.
The source-to-closest-receiver was 20 in with 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 the 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 I.ob 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 rillcred files.   The
general characteristics of the 80 ms reflection seem to
be consistent for both sources.

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

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

CONCLUSION

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

containment plate
screw guide

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

sLmuny

ln   A   dLcecc   cooparl8oo,    the   dovohoLc    .50-calLb€r
seleoLc   eource   pt.oduced   note   SelSmLc   energy.   a
bra.der   body-Wave   i requency   SpectruD,   at`  appllcude
drop   lrL   the  air-coupled  vave.   .nd  .  hlgheT   dot.1nat`c
i requet)cy  o[   the   recorded   body-vave   energy   than   the
|Llenced   8ut'f&ce   .50-callb.I   .ource.     The   Tecot.ded
•el.q]lc   energy  of   the  dovnhole   rLf le   8hoved   an
Lncte&.ed  adpllcud.  of   6   Co   12   d8   over   th.[
recorded   by   the   .1lattccd   .ut'f.ce   rLf le.     The  dodLl-
f`.I`c   i requel`cy   of   tl`e   recorded   ref lec[Lon   en.ray
v.a   col`glscently   20   Co   40   H2   hlgheT   than   the   euT-
f.ce   rLflc.    Tl`.  .l[-coupled  v.ve  .apLlcude  vas
d.ere..ed  av.I  12  db  by  .ub.utf.ce  I lrln8  of  the
rlf Le.     The   f requeficy  .pec[r`a  of   tl`e  tiody-vave
pul.e  v..  bra.d.fled  by  .1Io.[  .  h.1f  occ.ve  on  the
high  .t)d.    Ih.  ..fecy  of  oper.[1oo  of  [h.  .ou[ce  1.
not  co-proal..d.    R.fl.cCo(.  vlth  .  doll.1a.t`t  fre-
quency  ln  .xce..  of  LOO  Hz  c.a  be  e..lly  ldenclfled
oa  field  I ll..  .C  depth.  of  I...  Ctt.I)  30  .  u.lag
the  do`rt`hol.   .30-c.lLbcr  t'Lfle.     Id.aclflcatlot.  of
loo-llz  r.fl.ctot'.  frol.I,loo  -1.  po..1ble  od  fl.1d
file.  of  .ulclple  veTtLc.lly  .t.c*ed  domhole   .50-
c.llber  .hot..    The  .ource  vlll  oper.Ce  ltl  &f`
ef I LCL.ot   -al`n.I  collecclng   COP  d&[&,   coon]ot`-of i.e[
a.C.,   or  .poe-correl&tlorL  d.C..

INTRol)UCTION

Incrl.aALrii:   ciwtroimcntAL   ®od   cn8LrleerLr`8   Appll-
cdllol"   u(   rl.(LeccLoii  eel..olog]r  llovc   .purr.d
re.a,ircll   and   develof»oenc   of   .I.alloy  hl&h-refioluclon
(a.LQctLu.`   tcclmLquc®   tll`d   cquli].ent.      R€3oLuCLo.i   oo
tl`.  ordet.  oC  a  .ecer   I.  i`.ce...ry   to  d¢Cecc  uLcr.-
•liALLov   [o[8ec9  vhLcli   .I.  8el`er.lly   the   goal  of
•o8[   eovlro.il.arlt.I   .ind   cnglriecrLng   8[udLe..     Thl9
I(`crca.ed   rcsoLu[1oo  cofi   be  obtaLaed   by   boo9[Lng
tlic   (rl..i`.|.I`cy   of   tlia   .ourc€   )>Iilse   vhtc}`,    Ln   [u.t`,
Lricrea.e8   [ha  dooln.nc   I requcfLcy  of   the   recorded
•eL8aLc-re[lecclon   cner8y.     CeneTaclng   the  I.18h-
€requet`cy   selenlc   8ourc.   pul.e   rieceseary   for
•halLov  appllcaclone  h4.   been  acco.pllsl`ed   Ln  a
aul[1cude   of   dLf ferent   v®y8   lri   the   past   (Mlller   ec
.1.,1986).

Recent   3eLsllLc  .ource   adval`ces   ac   the   K4f`eas
C€ologLcal   Survey   (KCS)   t`&ve   -alnly   t.evolved   around
Surface   p.ojectlle-type  .oucc..   (SEeepLes   and
Kf.app.    L90Z;   MLller   .t`d   Steeple.,    L986;    Sect.er   and
Steeples,1986).     A   .50-caliber   [1fle,   vhlch  vas
de318ned   and   bulls   Co   .4£ely   £1re  a   750-gt.aln   bul-
let   ver[tc.lly   tl`[o   Cl`e  ground,   has   I.ore   recently
been  .d®iiced   to  op.r.Ce   p.rtl.1ly  undergrout`d  vlth
ooLy   tlie   flrll`g  apper&tu8  abov.   ground.     Thl!   al-
Lol7S   .ale  oper.Clod.,   a  higher-frequency   Source
pulse,   attd   .a   Lr`ct.ea®ed   signal-[o-nol8e   raclo.

¥..?.I.t:.N..A.N.r!.:ri;eLi.N.t.q!.F..

Tlic   r,QI`cr..il   deslgn   cen[erg    around   oi.Clcal7.Ini:   ct`e
coi`vcr*lui`   tit.   ci`|.rgy   |iroducl.I    Ijy   a    .5u-c.illlicr
rlf li`   I.Iillitt    Inca   #elsmtc   (acoue[tc)   ttaves.      Tl`c

majorl[y   o£   the   er`er8y   produced   b/   a   .SO-caliber
round   goes   loco   acceleractng   cl`e   p[ojec[lle   al`d
lnco   exhauec   gases.      Prevlou6ly,   vlcl`   above-gt.ound
®ourcee,   ve   have   silenced   and   dLSpersed   [t`e   ext`aust
ga.e.   1n  hopes   of   elloLnacla8   or   ac   Lea8C   greatly
reduclf`g   the   ef f ect8   of   che  air-coupled  v.ve   on
9eL.nlc   data.      The   dovf`hoLe   .SO-callber   rifle
ne.rly   .1itiulcaneously   e*clces   the   earth   wlcl`   tl
projecclle   at`d   vL[h   ewhau.C   gases   vhlle   concaLnLng
dlo.t   oC   the   air-coupled   vave,   Tasultln8   Ln
ll`cre..ed   frequeacy   .nd   sl3nal-[o-noise   raclo   ol`
®el®.lc   [ecot.d   sec[1ons.

Tt`e   dovnhole   .50+c.lLber   3eLsd]lc   source   corLal.Cs
of  .   .50-callbc[   rl£Le  bolted  co  a  a.6-c.-Chick
•tcel  place.     The  rlfl.  lt..elf  ls  .  .C.nd.rd   .50-
c.lit)er  breech  and   bolt.   buLl[  by  lex..  Con  .t`d
M.chit..  Collp.ay,  .t[.cl`.d  [o  .  .Clftd.rd   .30-c.lLbe[
tl.chlne-gun  b.r[el.     H4chlAed  g[oove3   1f`  [hc  barrel
Ire  a.ed  Ln  coajuficcloa  vlch  a  pt'e..ur.  cl.d]p   [o
•Cclch   the  rlf I.  to  .  30-co  by  90-cm  .CeeL  pl.Ce.
Th.  [1fle  b.rr.11.   lot.ered  LnEo.4  60-[o  80-cB-
deep  borehole  4  ca   ltt  dlaflete[  un€tl   the   place  ls
f lu.h  vlth  the  eround  .urface.     Ttil.  steel  place
•cte   a.  .  ground  .eal  arid  a  pL.cforo  Co  8Cand  on
vhlle  fl[1ng   the  gun.     The  vel8hc  of   the  shooter  ori
Che   plate   end   [h.   .oug   [LC   of   the   b.rreL   Co   [lie
borehole  v&1l.  help   Seal   cl`e  gut`  to   tl`e  ground.
Tl`e  rlf I.  c.a  be  equipped  vlth  a  source  .ensor  or
clo.ure   *wlcch   [®   t;oi`cr.ici:   ;I   Cl®.   I`rl.:lk.      Flrtl`8
can   be   do.`a   eltllcc   all.cirlci`lly   by   s..lci`olJ   ur
co^`I^`ly    by    p`Itllf.r.    [1`.`   rrli:I:.!r.      Tl``.   .l{wlill`]l®    .io-
callbc[   veLg!13   aboul   Jtl   .{t;   ;`ilJ    Ls   |...isLLy   lvo-I.c.8uii
port.bLe.
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Tl`t!   dow.`l`olc    .to   c...lltt.:r   iii.ul`..:|.s    Cruia   b   [o    12   {"
greater   record.ble   sets.iLc   ci`ergy   a:   equLvaLeoc
o€fset.   Cl`an   tl`e   sllenceJ   sufcace   .50   caliber   ([1g.
I).     The   lncrea€ed   recorded   energ;..   boo.Cs   the
$18nal-[o-noise   enough   co   3`ibscdo:tally   clean  up
the   record   sectlori.      The   Source-co-close.c   geopl`one
of [.ec   ln   fig.   `t   ls   43  a.      Besides   :Ills   noclceable
increase   ln   recorded   .€1silc   ener3:....   consl8Cei`C
20-40   l]z   hoos[    lri   [Iie   doalnAI`C    f rei`iel`cy   of   Clii.
•Ource   vavelec   ls   cl`*rdcc€rt.qclc.

1n   previous   shaLlov-source  co.`p.:1Song   (XILler   eE
•L.,1986),    the   surface   .50-calLbe:   perioraed   coq]-
p.r4bly   [o  Hlnl-?riaecord   and   a   LO-3au8e   auf falo
gun   ln   local   cne.g:i   an`l   f reqiiei`cy   speccrufl=.      Tlie
t`oced   locreasc   La   Ire.|uency   .iiiJ   erier5y   vould   in.`ke
the   dot.rlliole   .50-callb€[   r(fle   co..p`ir.ble   co   [l`e   8-
g&u8e   But falo   gufi  vtilch   vas   .iriong   :he   besc   ..ources
Cesced    for   refle::!orl   er.er3y   ve:su3   3t.ou``d    roll,
Co[al   energy.   and   f req..ency   ..a.`ce.`:.
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FIG. 2.   Jrhis  single--shot  field  file  +/itL  an  AGC  applied   :1lustrates  the  hiqt`._freg!±=ELci€=
and  therefore  the  resolution   easily  Qbtairia-Sic  i~.==h  a.dounriole   .50-cal.
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this  Single  shot  ccmparison  plotted  true  amplitude  with  ider.tical  recording
oarameters  clearly  shows  the  increased  signal~to-noise  and  the  inproved  fregue



85   msec  Beflector  Wavelet

Amplitude  Spectrum

FIG. 3.   _"lei
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-The  amplitude Erd;-;~6f  the  ref lection ulse  at  85  msec  is   almost.  3  octaves
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ULln . MAI Er\iAL~ILJLJLL   SAFETY DATA
OCEAN®   Network
EMEflGENCY  PHONE  1 -80®OLIN-911

SECTION  I  -lDENTIFICATION

SECTION  11  -NORMAL  HANDLING  PROCEDURES

SECTloN  111 -HAZARDOUS  INGREDIENTS

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA
FuSN F.OINT          Not OSH^ CL^SSIFIC^TION•,,- Fi^wN^eiE|      iowEF`      I     uPPEFt

EIPIOS'VE - -•.                   ;..        =.- |'W'ts
EXT"oulsH"c I.Ebl^                              Deluge wit-h  water,  material is self-oxidizing.   Flood  with  Water

to  fitrht  fire  flnd  to aool  .qhell.a_
SPECIAL FIFtE  I+^Z^AO .  Flf`E flGHTING  PFtocEOuf)ES

Evacuate area.   Ficht fire from  an exDlosion resistant .location.

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



SECTION  vl  -TOXICOLOGY  (Product)          (Sr,lall   Ar:is   A-.]Tlu`1it i..tr.

SECTION  Vll -Splll AND  LEARAGE  PROCEDURES  (Control  Procedures)

^CTioH Fop u^TEni^L nEu^SE art 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 au contaminated clothing before reuse.

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

TRANSPORTATION  EMEflGENCY,  CONTACT CHEMTf`EC 50®424-93cO
W^STE OISPOS^l WETtloo

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

SECTION  VHl -SHIPPING  DATA
a.a.T. cues                                             Class c Explosive        OHM-D

SECTION  IX -REACTIVITY  DATA

sEerioN x - pHyslcAi DATA

|WEIT"G Po"T            N/A V^POFI PAESsuf`E                    N /A VouTllES                                  N /A

iBOIl"G Po"T             N/A SoluB!lltt li. WATER          N/A Ev^poR^i lo.I fL^TE            -~..EL£L__V^POAOENSITT(^Ir.1)N/A

ispECIFICGf`^VITY  (H,O.1|         N/A pH                                              N/A

I

iNFopMATION  Fuf`NISHEO BY:                  C.  C.  Nconan
(203)  789-5436

1475

O^TE         Novemberl6,198S

O®partm®nt ol Envlronm.nt.I  Hygl.n. and Toxlc`-
(203)  789.

Olin C o f] Po f] ATI O N
120   Long  F`idge  Poad.  S`amlord,  Connecticut  069C-`

OCEAN®   Network
EMEf]GENCY  PHONE  1.80®OLIN-911



.,

in.alorlal  Safdy Data Sh.oat  .
W.yb.`i-.d towhrith     .
Osl|I^.I tl-zird CalTlmunlcalion Stand.rd,
29 CFf)  1®10.12cO.  St-ndod  muel  t-
con-II.d lor p.cue rqilm-

U.S.  D.pertinent ol L.bar
Occiip.`iocol S.l.Iy .nd He.I(h ^dmlnlttr.Ilorl
|Nori-M.nd.`ory Fom|
Form Approved

OM8 No.1218cO72

• +fi» .

®®ITTTl  |^. u.-a on llb.I .rid lJ-
All  Shot8h.11  Amunition

~E"",„,„On-B=L#rgr==%r==k:rgF=±±_
S-I •. -Snail  Arms  Arminltlon'

Il-rlJ-cltnr'. Mrn Em.roency T.-Mimb-    .
Reninc|ton  hms  Co. ,   Inc. (Sol)  .   676-3161

^Llar.-. Q*nb.+ S\r..t C®/. Sn\ .nd ZP CL*| T.t.pt`an. Note- Lr. Inbm.th
I-40  I  Highvay  15 .    .   . (Sol)      374-2246

Lonok® , Ark.ansa8        72086               .    .    `     .          ..
a,I, fyvyd`      8-12-86    .

., Srfum ol prty.t-Otqude       .       .
W.G.   Bell,' Chew  Lab  -Technical  Section

S.ctlon I - }1.I.rdou. lnqhdl.nt&^dontlty bform.tlon

nz~ Cpi± God-Chinleal ltbrthrt common Noun-(.})       Osl+^ PEl__ Acapl TIV           f`iic]asifTtcrtad         `
I.Cad.,   Inorganic  and  1.Cad  ccmpound8.                      50mg/M

Jlr8enl.c  and  ccxpo`lnd.
Antlmony. and  conpound.
Bariun  and  congrounde

500  ng/Mr
5oo  ng"3.

t]ltroglyerln  (0.05  rm  chin) 500. nicrogranis/H3  of  air

tor  -  "Small  Arms  Aminltion"
•.     cla8g c mplo.iv.

: arm-D

S.ctlon ql - Ptry.lc.I/Ch.mlc.I Ch-ractorfutJc.
eclno pob                                   . s#g"1tfi:)

ttot  applicable
V.pcr pn-ilr. (mm HO.)     . Wrty Put

Not  applicable Not  applicable
Vtr arty pe . ') gL-irnwoTApfti.caL[eNot  airllcabl®
th¥dheTead styphnate  -|nsolublei  I.Cad Nitrate  -127  g"/100cc Vater -loo.C

--IdCb
Grayl8h,  Gray,  Silvery  Nat.rlal  i  »o  odor

S.cllon rv - Flo .nd Explo.loo }t.zfrd Oat.
Fwh pob Owtd Lrty Fuv"trty LJtb in ra

Not  applicable Not  applicable t'^ H|
EdhctJqu LLut

I_T,tfrl_a±.:_1_eL :elf  _oildLeing/_f_1_god  vlth, vater  to  flqht  flr:,. and  cool  .h®iiI.SfhalJ Fh Fiotthg Proc-d`m   .

ur#elT8TiET¥tg#e when  expo8ed  to  flan.  and high  temperature..



S.ctlca V - fl..cthrrty D.t.
St"t, u- Co-.'uou®^VOu        rianeg,   sparks,   percussion  or  shock  aJ`d  hlgb  .

SLth
X texperatureg   (130®C)

lrlcorno.tlbJIlty {A/.l.r/./.  /a A`.otE^   .. Strc)ng  mineral  acldg  and  alkali.
H-zlrful. €iiri`-ffi a ByFndd   oxid®s  of  carton,  nitrogen  and  lead  fm®S.- Wtry Cho C~k'^ut       Heat,  fire,  static,.  £rlc:tlon  and Perc`lgsIon.

Wrty " Ctpr
X

SectJorl Vl - He.llh Hazard beta
F`cLH.) ol EJtry:                         lnh.I.lth?       Fwhes                           shin?    cruts   or abrasions  -ffiel7cles
tTn#¥ `#igTgengctorla ,  end3ryotoxin , malnutrition,

weakness,  mental  confusion, allor  -
tr.eat  per  gen.ral  lead  exposure}.  headache  and  rtausea

cF±Fis=g±;gin..         NTF+--                       ue I.-trygiv7                    oso '`p"of  Lead. yes

Sir-eds`1Ttb-a/E-I.      .      Refer  to  health.hazard  above.           `                                       .     .   .

Ilet!e±! C¢riffici=i     .Gi=riift:f A-d try E-I. Ea_:_troinfestlnal  :I?ct;  klcheys ,_.  bloed _and  central  nerireu.
Bysten.          (CINS )

Efl-H F"AIptoc-         skin.  £iu®h  ulth  water}  if  Swallowed  Seek  medical  attention

inediately.
S.ctlon VIl - Pr.cautlort. for S.I. H.ndllng .nd u..
Sl.P. t} 8. Tut-A C... lil.tA-I b P±!+._.ed cr Sp.Ad                                                                                                              .

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

Het¥|¥ Pc  b`]f_pe_9= p:+'eppr_op_I_i_at: _f_eeer?1?  state  epd  local  £eg_¥±_?±o_¥_a_g_en[g[=
contact

P±- ro a. T.h A I+-rdro .rd Storho

F`efer  to  rel®aeed  or  epllled  data: above.
-?Fi=jedh

I.abel  containers  -  "Small  hms  Arminitlon"  rear  gloves  and  ghrapr.el  protection.

S.ctlorl VllI - Cor`trol W...ur..
--I------I-----_-t`.®rrty P"- tspqr TYp.I osm   SA/HIf/sc"

ing  cart.rldg®..C]^- Pttx.clJ`. C8l`inq cr E4tjb7TiJ-ii Uae  hearing  procectlcin  when  dl8ch®rg

2ti.-_act_
Pqu, v,a,O .,-,,, '®,a ,,,,, ',
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MATERIAL SAFETY` DATA SHEET
SECTION I

SECTION 11 - lNGFIEDl€NTS
(lI,t 1'1 lng,,dl®ntS)

C^S  F]tcISTflY  NC). XW hv CHEWWEL "t{Sl !ctffl'dii$1,,!##
7664939 37 Sulfurlc   ^¢1d __   NA_

773218S a .    Water N^

7439921 90 Lead        _     _ __   WA         _

S¢p`rdto,.I -
D4r®mt¢

-      ~   -    __--   _      -
--    -,.,-_-_

.'.`...,-..-

§EC"9N 111 - PHYSICAL DATA
O'|w¢ pO`^,2Ji.I  _± -.         I     ..H®.I,,I,Iv   ,t24_

I •    .                         i,                         ,

¥,AfiliESsutE€  dqL|-3fl I rd mttNT v"tiui .y voLUM€ t*i
»^ #IlgH?Tl#uO,Y

v^pOR  OiNsiTv IAm . ii
NA

fvuoA^TroN A^Tt I             . ii
\.

soil.all..r"NMr3^¢T!8ie     --       I- H.                                            __  {
I

"JatcA#LS!u+"Pte°e!qutd  (acid__ contSnt)                                  _      ___TMiEn+       ua-Ufu#_

SECTION IV - FIRE AND EXPLOSION llAZAFID DATA
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•.`    iu.:i   :1     '9|    14:07   CHGO   DIST    IMF-O_MGT   OFC_CENCC-Il`l

)MATERIAL SAFETY DATA  SHEET
PRODUCT SA   825    0012

P.3

HAZ^RO  AATING
-  gxTneME

3  -  IllGH
2  -  MODERATE
I  - 8|'aHT
a  -  IN8iaNIFlc^NT

SECTIC)
w' I T c ct MANUF A C T uaiN a o iv is io N cm E U Bsio iA fl y EMEf`GENCY  TELEptloNEyey¥F,ACTURER782_5800

'
Aoofl€ss {NUMBEft. sTaeET. city. STATE. zlp conf. EFEiiTaEc 1 .t8ooi 414.®3oo

CHEMICAL NAME Ofl FAMILY

ffiRMULA               NAa         Petrol eum  Hvdrclcerbon

- .                             ,    -          -                 .  .  ,  .     -I        . 'di EMtcA I..                                 I mysicAr
hA2^ROOuS OECOMPOSITION PRODUCTS FO,RM         Sem I -so I  I d

6 Carbon   rTt.onoxlde,    carbon   dioxide Ooofl
'N COMPJ`Tl8lLITV iKfgF ^W^V FfloMl Mineral    Oi  I

Strong   oxidlzlng   agen+s   siich  as:      hydrogen   Peroxlde, ^P,E^f'^NCE
6 ch.rc)mlc   Bald.    bror.irle 10 Grease
LLst All toxic ^NO HAz^noous iNaaEoigNTs,None

''
LOB       Amber

P'2 EciFre  GRAvtTyIWATEe-1tRT a.92¢

`BEctioN ifl.i: FinE...AND `ExpLO 8ioN t]ATA.
®Ou,NG PT.1S

NDA               .c,€

spEclAi Fif`E I reiiTINc fflciceouftEs F|ASH POINT (METHOD u6EolAboveC.a.C.

T

Fire  flghters   should   weer  an 3a     ,90   .cJ14_.i
----MELTING pT.

RA.c

aoproved   self   contElned   breathing Fl^MM^Bl€ llMJTS WNDA27|oWEA~uPPER_
I,

C

I, aoparaTus`              . soiueq.rTyNW^Tffl

Nee I  : r I h I a
uN USUAL Flf`E ^NO EX?losION H^ZAAOSDer\sesmoke £XTINGul®HING ^OENTS

a DnycH€MicAI   X: CO. ^T           ?5--.c

=W^T£RSPRAY    ± FO^M.W^TEFtFOCR5ANO/f^Ft" ',
* VOIAT'|E'a'aYm`'

NA
2e I,    1  OTH€R  _

evAp. ftATEI,(.''

NASECTION  IV  -H€ALTH HAZARD DATA
PEftMissiBiE CoNCEN ta^TioNS iAmi

',
vA-pcm pf`Essuf`tlmmHoit!0.Cl NA

9 NOA Ft
NA

EFFECTS Of OVEAEXPOSuR£ I, '^m  ,  ,I

ao May  cause  skin   a  eye   irrltation  wlth  prolonged  contact. A ^S  LS NA

TOXICOIOCIC^LP.Opt.TIES JO ®HI1

3' N.54. STTtoNO ^CIOsTAONcaAs!

E^32'3JC,i Ef]GENcy Fii]sT ^io pfloc:EDuaEs

ETEs     Flush   With    large   amounts   of   water   for   at    least    15   mln.
STABLE                                                        -XUNstl8LE3'

Call    a   ohysicien    lrmed:ately.

SKINCONTACT        wasn   thoroughly   with   soap   and   Water. V^:S,:;::             too<o'R°3*.^'=2

lNHALAT|oN                  NDA.

]1            NA                                                                                  i

iFswAiLowgo        Call    a    PhysIciEn    Immediately.
1

N4   -NclT  Appilc^eiE                                               NDA  -NOOATAAVAI|ABIE                                     <.  |ES HAW                                       >.MoaEiH^N

Paq®   1   o'  2

=c)F] ,,,., ic.  est   .'J   i  '



iui:.   :1    '9i    14:ei8   CHGU   DIST    INro_MGT   Cjr~C_CEl`lcc-Il`l

MATERIAL  SAFETY  DATA  SHEET      pBooucT

r.4

SA   825   0012

a_EC"ON Vll = §PECIAL`t.f]ECAUTION S
PR€CAUTIONS TO BE TAKEN " H^NollNG ^NO STORAGE

„       Keep  containers  closed.                                                                                                                         .
SECTioN vfii -TFiAusroFrTATioN DATA

uNfieGul^tto  a u.s. a.a.T. .RapEA 8HippING NAME

„                  ,Y a.O.T. 7

AECul^TEO U.a. a.O,T. HAZAF`O CIAS5 I.a. NUM8€P

£..                      ,Y a.a.t a

TP^NSPO.TAtloN€MERG!NCYINfoAM^TIONCHEMTBEC1.{Cool43...300
:oa                       ffiBEL`SIR£QulAEo
FA Eia HT CLA€slFicATia N

3Z Petroleu.  Lubricetin§  i`rease
spfcL^i TRANspORT^TroN NOTEs

|J
SECTION tx -COMMENTti

St,                                                                                       KEEP   OUT   OF   i:ACIH   0F   CHIL9REN!!

We  be`i.V.  the  6tatem®nts.  teclinical  Information  end  r®comm.ndatlona  contt)in.d  h.r.in  .ro  I.liable.  but  they
ale  given  wlthout  warianty  or  gu8rlntee  of  any  klnd.  exprcs8  or  lmpljod,  ®r`d  W®  a$9um®  no  lespongibllity  for
any 1066.  damogo.  or cxpen88,  direct or consoqu®ntlal.  arising out o{ th®lr use.

Pa$6   2   0!   2



i)UC`   £i    '9i    lJ:6',I   CHGo   LJ15T    lh.-|IJ.lI.I    url_LLiiiL-iH

MATERIAL  SAFETY  DATA  SHEET      pRODucT SA   825   0012

sECT7oN vl l`HANDUNa.oF 9plLLS aa LEAi{s
rf`OCEDuftEs Fof` Cl£AN.uP

Transfer   bulk  of   material    into  another  container.     Absorb   remainlng   re5ldue  with
.Oroper  absorbents   suc:h   as   sand,   earth,   vemlculite.      Sweep   up   and   dl§Pose  as   Solld
waste   ln  accctrdEnce  tct   lclcal,   =tate  and   federal   regulations.

t

WASTE 0lsposAl

By   methods   cc)nslste.nt   with   local,   state   and   federal   re`qulatlon5.
2

§_ECTTONvirLur'SpeelAl-.PflECAutTONS
pflECAUTioNs TO aE TAKEN IN H^NoiiNG ^No STOAACE

]        Keep  containers  closed.                                                                                                                              .

SECTION V«l - Tf]Aus.OfITA"ON DATA

uNfieGul^Tto  B u.s. a.a.T. .f`opEa 8HippiNG NAME

Y a.O.T.
47

:.              nE3uoL.^oT:a  E
u.a. a.a.T. HAZAno ci^ss I.a. NUM8gR

4e

TRANSPOPTATION Ra LAaELtsi REQulAED

EM€RGENCYlNfoAM^tloNCHEMTPEC1.{Cool.3.-.300 a I

ffi EiaHTcusSIFICATION

5Z
Petroleuii   Lubrlcetin§  C`rease

epfcL^L TRANspOAT^TioN NOTEs

4C i,
SECTION IX -COMMENTE

KEEP   OUT   0F   a:ACH   CF   CHI  L9REN!  !}£

\^/e  bell.ve  the  6tetem®nts.  technical  information  end  .ecomm.ndatlone  con(E]inod  h.rein  .ro  r®Iiabl®.  but  they
ale  given  without  warranty  or  guar.nt¢e  ot  lny  klnd.  .xpr®88  or  lmpli.d,  end  W®  aSaum®  no  lefponfibllity  for
any  loss.  damage,  or cxponBo,  direct or con.oqu®ntlal.  arising out ot th®lr use.

0336   2   Ct   2



F'UG   i.i s[   14:oS  CHGo  D[ST   [Nr_o_MGTgEffs_I,,

MATERIAL  SAFETY  DATA  SHEET

Tbx   nc>.     :    042840
Prlnt   Oat®

Last   R.viewed
Part   Type   and   Niimb.r                                                         Part   name
----,-----------------------------.,-- ~ - I ,-------, ~ ---,-------,--------------, ~ - -
Ford    -U.S.    BATTERY    -ALL                                                       BATTERY    ELECTROLYTE

Motorcraft    -U.S.    BATTERY    -ALL                                BATTERY    EIECTROLYTE

---------------- tl ----  CHEHI CAL   AND   PHYS I CAL   PROPERTI ES  ------- I--I---I -----------

Material     type                            LIQUID
Sp.clfic   Gravity                 I.250
BOHlng   point                          >135   C
Flash   polnt                             Not   AppHcable
pH                                                              2.0

I ----. 1[ ------ I.-HAZARDol'S   AND   OTHER   D ISCLOSE0   lNGR:OI ENTS   ------- I--I--.I ------

P.rcent            Expo®iire   Llmlts   -TWA
ft.nge               ACGIH/OSHA(where   eat.)    CAS   number            Chenic.I    Name

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

Expolure   Limlt  Abbreviatlons
~----I,---,I,---,,I,---,,--~---,,-~

TWA-Tlm.  W.lght.d   Av.r.9.     C-C.Hlnq
S-Short  Term   Expolure        Sk-SklA

Sol-Sotub I.   Compound£              Fu-FUTiics
ln&ol-In.o]ubl.   Conpound€        Ou-Oust..,-
..I .................... i.. RE a ULATORV  I NF ORAAT , ON ................. _ ...... _..

This   product   cont]lns  .   toxic  chemical   or  chonica`f   lubJ¢ct  to  the  r.porting
rcqiJironente   of   Sactlon  313  of   Tltle   11 I   of   the   Super fund  ^mendm.nts   end
R.authorlzation   Act  of   1986  .nd   40   CFR  Part  372.

DANGER   --CORROSIVE

..-.-I`----I-----.-qu.--..-.-.HAZARDS.-.-----..--..-----.--.-,Ire---g=a--.=

Contact  with   thls   in.tcriat   wlll   cause  burns   to   th.   Skin,   .yes   &Ild  hucc)us
in.mbrana8 .

Wh.n   thl.  mat.rlal   com.i   into  contact  with   the  ey.i,   a.riou.   d&meg.  may  occur.
Thi8   product   ls   h.rmfLjl   by   Inhalation,   wh.n  -in   eentact  with   th.   Skin
•nd   if   lt   is   .w]How.d.

Thie   product   ls   irrlt.ting   to   the   eye!,   respiratory   €y8ten  and  .kln.
This   product   iTiay   bc   fatal    lf    lt   ls   cwaHowed.

FORD   MOTOF`   COMPANY
DEAflBORN   Ml   48121



fiuG   21    '9114:@9  CHGO   DIST   INrTO_MGT   Off_t'€FJ=`|r|_i-.
MSDS

(CONTINUED)

P.6

Tax   no.    :    042840
Prlnnit„oE/ao92e/9o2

------- I ---- I-I ----  TARGET  C)RGANS   AND   ME0 I CAI   CONDITIONS   -I---I -------- I -..---- =

OV.r.xposure   to   Com.   h]z&rdou8    lngredlentE   in   thls   product   h83   been   found
to   affect   certaln  body   organs   and   Sy3ton.   ln  cxp.rlm.ntel   anim.lt   .nd/or
\hlJf7ianB.    The.e    include:

|,Jng=
Teach
Skln,   Ey.a,   and   R.8piratory   System

------------------ I ---..  ACUTE  Tax I C I TY  I NFORM,AT I ON  --------------------- 11 .--- I

Based  on   th.  composltlon  of   th.   product   ldentlfled  by   th.  .uppller,
Selected   por[lon.   of   th.  acute   toxicity   Information   frofi]  RTECS   are
35   follows:
7664-93-9         SulFURIC   ACID

Inhalation,   ldult   rat.   LC50   -ilo  mg/m3    (2   Houri)
Oral.    adult   rat.   LD50   -Z140  mg/kg                                                            .

I-I--I ------ ==T----T=.+------ I-SAf I  H^NDL I NG  AND  STORAGE-I--±=-=====-=--L===± -----

Oo  Ilot  breath.  gas/fLlmaS/vlpor/.pray.
ul.  thls  product  with  ad.qij.ta  v.ntll]tioil.
Bo  not  g.t  thlf  mlt.rlal   ln  your  eyes,   on  yctir  .kini   or  on  your  clothlng.
Thlf   IS  an  oxldl2lnq  .g.nt  -avold  brlnglnq   lt   Into  contlct  wlth  .a
organic  materi.I .

Stol.  this  product   in  .lr-tlqht  contalnar&  aw.y  fran  &ourc..  of  h..i  lnd
I ight.

-----------. I-I-F IRE,   EXPLOsloN   ^N0  REACTIVITY   INFORMATION  .---- ======= -------

Brinqlng   thl.   predlict   Into  contact  wlth  conbu8tlble  lTIlt.ri.I   my  c&uee  4   I Ire.
EXTINGulsHER   INFORMTION!   Dry   chenic.I,    foan.    carbon   dloxlde.
uf.  w.tar  to  cool   flr.-.xpef.d  contalners  and  to  protect  p.I.onnel.
W..I  a.lf-contained  br..thing  app.ratui.
Thle  product  can  r..et  vlol.ntly  w|th  reducing  .gonti  and.organlc  nat.rlals.
Explof lve  HYDROGEN   GAS  may  be  r.I.|.rd   lf   &qu.cu8   .olutlonf  af   thl.  mat.rlal
Come   into   cent.ct  wlth   reactlv.  met.I!    (IRON,   ZINC.   ALUHIWutt)  .

Irrltatlfig  and/or   toxlc  fun.I  &nd  g..e5  aey  b.  onltt.d  upen  houtlno  of
this  product.

The  deconpotitlon  of   thls  product  wl H. reteese  toxlc  ga..S.

FORD   MOTOR   COMPANY
DEARBORN   Ml   48121



'  .  FiuG   21    '9i    14:e]9   CHGO   DlsT    IMF-o_MGT   OF-c_cENcc-IM

qf5aD
MSDS

(CONTINUED)

P.7

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo29go3

-I ------------------  PROTECT I VE  MEASURES   AND  TREATHENTS  I---I ----------------

Use   of   an   impervleus   apron   ls   r.commended.
Llae   g®n¢ral   v.ntl`ation   .nd   u8c   local   .xhaust.   wh.re   posslble,    ln   ccmflned   or
enclosad   8pace€,

Wear   eh.mlc.I   goggl.a   and   face   ehleld.
The  li8e  ef   naopr.ne  glov.8   :i   recom.nded.
Ih  c.se  of   contact  wlth  .y.a,   rln.e   ionedlately  with  plenty  of  water   and   I.ek
medical   advice,

lmedlat.ly   tak.  off   all   contanlnat.d  clothing,
If   th.  matarl4l    li   .wallowed,   get   lmedllte  medic&1   attention  or   advice  --
Giv.  Sev.rat   gl.8ses  of  w.ter  or  mHk.

It   q]&/fume/vapor/duet/ml5t   fran   the  materlal    is   inhaled,   ronove   th.  affected
p.I)on   lrmcdi&t®`y   to   fresh   air.

For   fkln   contact   f luah   with   large   amollnt5   of  water.
W®9h   thoroughly   after   h.®ndllng.

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

lf   the  product   i&   In!e€t.d.   probabl.  muco=al   d.mage  may  contraindlcate   the  usa
of  ga.trl¢   l&vage.     Tr.at   th.  affected   p.rson  approprlately.

I--n---Ill ----- I--SPI ILs i  LEAKS  ^N0  D I SPOSAL ----- ae ---.---------- =±
.

EHmin.t.  .11.otirc.I  of   lgnitlon  or  flammAblef   that  may  con.   Into  contact        .
wlth  .   .pill   of   thlS  mat.rl.I.

Avoid  .kln   cant.ct   and   liihalatlon  of  vapors   durlng  di.po..I   of   .PHIS.
0l.pot.  of  w&&t.  mat.rlal   .ccordlng  to  Loc.I,   Stet.,   .nd  F.d.I.I
Envlronm.nt.I   R.gut.tlone.

In  col.  of   larg.  .pin.,   foHow  .11   facHlty  Em.rg.ncy  Relponse  Procedur.a.

---------------------------- S P E C I AL  REMARKS  ---------- I .---- d --------. ===--

ThiS   I.   an  .cldlc  mlt.rlal.

------------ I-11.   S.   eEPARTAEl`IT  0F  TRANSPORT^TloN   INFORMTION  .--. Ie=±± ------- =

Shlpping   flame:    BATTERY   FLUID.    Aclo      uN:    279C
Hazard   Clastl   Corrollv.  matarlal                  Hazard   Label!   Corrosive

The   chonlcal   nlme(i)    &ppearing   below.under   `'N^ME"  must   .ppear   a&   part   of
Shipplng   name   lF   the   amount   being   Chipped   in   each   coAtalner   exc.eds   the
quantlty   .hewn  under   "RQ"   below.     The   letter:   "RQ"  must  ®l.a  app.ar   as.plrt
of   the   Shipplng   name,    ln   th.   form!

Chipping   name.    ch®mlcal    name.    RQ.
For   U.S.      Shlpr®ntl   fran   Ford   FecilltieS,   consult   the  `'Ford

Hazardou.  n.terial   Tran8pertation  Control   Progr."''  ^®nual.   oth.rwis.
consult   49CFR172.
------ CAS--RQ (lbs)   -NME -----------------------.------------------------------

7661-93-9         2777         SuLFURIC   Aclo

FORD   MC)TOR   COMPAN.Y
nEAFIBof]N   MI   48121



• .  QUG   21    '9114:18  CHGO  I)IST   IMF-O-MGT  8=gEE-IM

MSDS
(CONTINUED)

rJ . tJ

Tox   no.    :    042840 a     print  a.te  ,  oFiao92e/9£

---------------- I--11 -----  PREPARAT I oN   I NFORMAT I 0N  ---------------------- E=---

H.alth   and   safety   Inform.tion   ha8   been   evaluated   by!

Environmental   t   Occupational   Toxicology,      Occupational   Health   6   Saf.ty,
f ord   Hotor   Company
goo   Parklan.  Towers   W.9t,    Dcarborn,   Ml      48126        ..

for   .merger`cy   can:       (313)    337-3182   -or-(313)    323-a045   (for   24   hour   ..rvice)

Thls   ic   th.   last   page  of   thi.   HSOS.

FOF`D   MOTOR   COMPANY
OEARBOEN   MI   48121



•         OUG   21     '9114:10   CHGO   D15T    INF-O_MGT   OFC_CENCC-Il`1

MATERIAL   SAFETY
DATA   SHEET

"Oco   REGULAR   LEAD-FREE   GAsOL{h'E

MSDS   NO:       02003992

P.9

MArlurACTURER/SUPPLIER:
Aboco  oil  Cobpany

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

gMERGENCY   HEAl-TH   IRTORMATION:        (800)    447-8735
ERERGENCY   SPILL   INFORATION:       (800)    424-9300

crmREc,  u.§.A.
OTHm  pRODuCT   gAFETT   IRTORATION!       (312)   856-3907

IueoRTANT  CoueoRERTS:      GBgollne   (CAS   8006-61-9)   ^CGIH  TLV   300   ppn,   STEL   500   ppn;
Osm  PEL   300  ppn,   STEL   500  pan.
8en2ene   (cos  71-43-2)   ^CGIH  TLv  10  ppn;   Osm  P=L   1  ppm

{S::r;u:gike:::I  ;n!rELi:io:;:;:i lan.
WARNING  ST^TBMENT :    E::a::ie::tE:::;Xe::r::::: in::!ha::P::u::::eE::!i:ni fc::a:::::a

and/or  a8plrdted  into  lungs.  Can  produce  skin  lrrltation  on
prolonged  or  repeated  contact.   U.e  eg  motor  fuel  only.   Lorlg-term
exposure  to  vaporB  has  caused  cancer  ln  laboratory  anlflals.

"IS/NFPA  CODES:.(HEAL";I) (rL"AEILIT¥; 3) (REACTIVITT;O) ,   Chronic  h.alth  hazard

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

!lEALTH  fIAZARD   IRTORATION

&YE

EFFECT:             High  concentration.  of  vapor/mist  "y  cau4.  eye  dlBcomf.art.

FIRST  AID:       rlugh  eyes  vlth  plan.ty  of  vat.a.     Get  A.dical  &ttentlon  if   irrltatlon
per8 lstB . .

PROTEC:TI0N!     Non.  r.quired;   however,   use  of  ey.  protection  ls  good. induftrl8l  Practice.

EFFECT:

FIRS,   AID:

SXIN

::3}::gs:£:ti:?::t.a  Contact  Can  defat  the  .kin  and  1.ad  to  lrrltation

:::i:§i§!8§!ai:;:::i:i::::§#;s:i:::. an:i:;.b::::ri::::€ c:::hi:gifai
PROTECTION:  .  Avoid  prolong.d  or  rcp®atcd  .kin  contact.     Wear  protective  clothing  and

gloves   1f  prolonged  or  repeated  contact   i€  likely.

EFFECT i

INHALATION

Vapour  harmful.     High  vapor  conc®ntrationg   can  cdu.e  headach®9,   dlzzlne8s,
drovsine88   end  nausea.     See  Toxlcoloqy  Section.

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

PROTE:CTIC)N:      Use   with   adequate  ventilation.     Avoid  br.athing  vapor   and/or  mist.      1£
ventilation   ig   inadequate,   use  NIOSH/USRA  c®rtif ied  respirator  Which  will
protect  against  organic  vapor/mist.
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STORAGE   ANI)   ENVIRONMENTAL   PROTECTION

StoRAG!   REQUIREMENTS:      §tor®   in   flammable   llqulds   stordgo   area.      Ko.p   Cctntainer   closed.
Store  away  from  h.at,   ignltlon  sources,   and  open   flane   in
accordance  with  applicabl®  federal,   atdte,   or  local   regula..ions.

SPILLS  AND   I.EAXS!     Remov.   or   shut   of i   all   Sourceg   of   ignition.     Use   voter   8Pray   to
disperse  vapors.     ]ncreoec  ventllatlon,   if  poaBlble.     Contain  oA  an
absorbent  material   (..g.,   Sand,   8avdu8t,   dirt,   clay).     Keep  out  of
Severs  and  waterways.

WASTE  DISPOSAL:     Residues  and  8pllled  znaterlal  ere  ha2ardou&  voste  due  to   ignitablllty.
Oi!poeel  nugt  be  ln  accordance  vith  applicable  federal,   state,  or

:::::sr:iulations.     Enclo&ed-controlled   lnclneration   1g  recorm.nded
r®cted  oth.rvi€.  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  Out   of   sewers   and  Vat.rvays.      Avoid  strong   oxidi2ers.
Report   8plllg   to   appropriate   autnorlti.s.     USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFOENATION

EYE:     Primary  eye   lrritatlon  scar.  0.a/ilo.0   (rabbits).

SKIN!    ::i:a:!];i:a::aiE##: £°Br:::I:ail;/£6£t:#:bi:: )

INIAI.ATION:     Acut.  LC50   20.7mg/I   (rats).

.     Acute  dernal  liD50  greater
acute  cxposoreB  by  thig  route.

INGESTION:     Acute  oral  LD5018.8ml/kg   (rats).     Practically  nontoxic   for  acute
expo8ur®s  by  this   route.

Excessive  .]tpo.ure  to  vapors  may  produce  h.adacheg,   dlzzin.ss,   nausea,   drovsl-
ness,   irritation  of  eyes,   nose  and  throat  and  c.ntral  nervous  system
depre891 on .

In  a. long-terzD  inhalation  .tudy  of  vhole  unl.ad®d  ge4ollne  vapors,   cxpo&ur®-

!ili;i;::i!;i!!#!#;:i:;;!jii!i;i;i;:i::!!;i:i!i;:i!:!ii;i:!!ii;:;:he
&1gnlf lcance  of  the  nouee  liver  tuner  response  in  terns  of  hunen  health   is
quest lonabl® .

Inhalation  of  whol®  unlcaded  gasoline  vapors  did  riot  produce  birth  defects   in
laboratar}.  animals.

Gasoline   ls  a  conplox  nlxture  of  hydrocarbena  and  contain€   benzene   (up  to  4

:::F:h:iA  ::i::::ea::A:::a?::uk::i:? ;:Ae;Pj::::ea:: :!g:rL::S::g:fbi:::e:!f::!s
(anenla).      B.nzene   ig   considered  a  human  carcinogen  by   IARC,   NIP  and  OSHA.

:::;.;?::::eh::a:Ei:a:nanfa::::::: C:al:a:::eir:i:::!o:nio]::: #!:i:::i::a-
ver.  6®en   ln  chronic  studies  ofl  xylene   ln  guln®a  pigs  but   not   ln  rats.

Aspiration  of  thl8  product   into  the   lungs   can  cause  chenlcal  pneunoni®  and  can
be   f atal.     Aspiration   into   the   lurigs   can  occur  while  vomiting   after   ingestion
of  this  product.
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SUPPLEMENTAL    INFORMATION   -   CORTINtJED

P.13

n-Zi®ptane    (GAS   142-82-5)   ACGIH   TLV   400   ppm,    STEL   500   Ppm;
OSIIA   PEL   400   ppm,    STEL   500   ppm.

n-Hexane    (GAS   ilo-54-3)   ACGIH   TLV   50   ppm;   OSHA   PEL   50   ppm.

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

Toluene   (CAS   108-88-3)   ACGIH  'rLV  loo   Fpn,   STEL  150  ppm;
OSHA  Pal,   loo   ppm,   STEL   150   Ppm.

Trim.thyl  b.nzene   (CAS  25§51-13-7)   AcalH  TLV  25  ppm;   Osm  PEL   25  ppm.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   STEl-150   ppn;
OSHA  Pal   loo  ppn,   STEL   150   ppm.

ISSUE   INFotatATloN

aY:

7eG€_
R.   G.   Farm.r,   Director,
Product  Saf.ty  A  Toxicology

ISsum!     June  09,   1989
SUP=R6EDESS      March   18,   1988

This  nateriol  eafety  data  Sheet  and  the   lnfornatiot`  it  ¢ontaLns.  is  offered  to  you  ln
good  faith  as  accurate.     We  have  revleved  any  lnfornation  cantalned  in  thl8  data  Sheet
which  v.  rec.iv.d  frou  Source.  outf ide  our  conp.ny.    W.  b.lieve  that  information  to  be
correct  but  cannot  guar&nt.e  lt-S  acctiracy  or  cofbplet.n.g..     Health  and  ..fety

i;:!i:iii:ii!:;!i;!!i;i:!!:i:ii!¥i!i;;:ii:i!i!S;;wf;i:iof;i:nit:i:!!:ii!::!!i!::s
or  lxplied.
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U.S.  DEPAf]TMENT OF LABof]
Occupatloml €.laty and-.Ho-ltli Admlnl8l[dllon ..

'MA'T-EF]IAL..S.AFETY...DATA.fsHEE'T•.,...._`.
.,.         .            A    ,.,

• ..SECTION. I

rton  Oh.nlctLI  Co.-,I----`
Iidault  gt 11.   60

•-..a    .,\       .       .      .1       .  t`              ..,.,
Wlndeh V&Ih,I

OwlJ|^
Hlxture

. .;. ,        .       .,.  8E.cTloN  li..HAZARDous,lNaREOIENTS  .
p^i.ITS. pfiESEAv^tivee. . eoivENT£ 1 tlv'un'',' ^iioy8 "0 wet^iilc cO^T"O® I tLV(U^''|)

rowENT. I,/A AJI Wft^| h,/A
'    c*Tq,,T

N/A AuO,) N/A
YepeLe ''/A Tkl'c Co^,a,c€ N/A\
thvtNT,

N/A
'||EA WFT^|

N/Anus co^lwo oA cof`€ Flux
^t'O,',",......-N/A .ot",.1 '    .                               -. .          .

fy/A
O'...ro...-...... ''/A

•

}t^ZAJ`cou® wi*7uAE& or otHtl] iloulo®. eoilo8. ofl o^SE8    .     . * |V~tllll

.,,,,..

H.thrl.Alcohol                   I         .                 ..                .    .                    '.."     ..         ..'      `. 38 200p

Nonv.1thenol  gurfaotaLnt               a^S  #    6Oul2-grJ+ 001
_^,I

trtt]henvlmethane       O^9  #  2650i{.8-2              EP^  T9C^  List-YeEl Tr,
'      '1.'',

SECTION  Ill     PHYSICAL DATA
•Od.a.a.Owt rF.i                                          .  ;.        j`. •rliA  .      .''...`-. •Mcl.ICOA^VIT.O+dl|`    .      I    '     '     ` •g51"  I
wro. n..ant iM iii I

N/A
Mnc€WT I/ol^TL( N/AVOIL"t I,I

'^ro. Ot*,.," ,^,.. , ,                          .        .. . ..    ' .
N/A`  .  .

tv^,OM,'Oll A^,(
N`/A-I,''

|Olu,q'',t " w^TtA
',    ,       i        i

^nE^flAAIC( Ang oooR
=i--.-.

sEctioN  iv    FiaE AryD  ExpLOsioN HAZAfiD DATA                          .    ,  '
i`uHrolHTiw~.na        T.a.a.112  F |^`*w^I,,|u',,    `.     `     .                    I               1,       .        I               u,,____I

I:"aui"whwt°'^   in  chonio&i,co,  o-I  Alcohol  fo
-

•.tc`AHI-em"a"facEPT:®®If.®orfu.1ned.-tr®athul

I...-

.                  .,,        .

T_u_ViLt]`o.rt A#[hp`.°a®+°roH¥^{EL  &1r  and  nay  ti.[}el
aonBldembl.  dlBtance  to  &n  lgnltlon  8o a,

PAGE(1)           .     .                                                         (Conunu.danrever.a.Id;)
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PBOPERTIES Ah':. SPECIFICATIONS

EXCELLENT FOB  "MINl-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emulsion  Products  are  packaged  in  corive,tier,:
one-pound,  one-half.  one-third.  and  C>ne-quarter  pound  cartridges  anc
formulatec]  to  prc>vide  a  Seismic  PUIse  equal  to  dynamite  for  clear.  sharc
seismic records.

Al:hough  classified  as  rligh  explosive,  seispF`lME/E  emulsions  are  nan.
headache arid  have excellont  resis:ance to  acciderl:al  detonation  by frictic]n or
impact:

Spiral.wc:i7id  1,'4  tc>  I;'2-pounc!  Paper  Canrieges  .are-easily  cappe4  artc
waxed to sleep well.

PROD UCT                                         E-1                E-1 /2           E-1 /3           E-1 /4

Weight
Slze
S,yle
Density (gin/cc)
Velocity (fps)  (uncorifined.)
De!c>nation pressure

(kilc)bars)

One pounci    1/2 Pound
21/4x81;'211;2x8

49SW
1.18                         i.15

16,500             16,000
100                      100

Absolute Bulk strength                     685

(caL'cc\
F3eiative Bulk strengtri                       120

(ANFOE100t

1® Pound   1/4 Pound
11/8x8           1x8

SWSW
1.15                     1.15

15,000          14,500
loo               loo

775              775

10S                 105

PACKAGING
Available  in  four sizes to  meet  vertical  slacking  anc

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

size   is  packaged  in  thin-walled,   easy  coupling
cartridges  tor  vertical  s{acking  or  larger  downhol€
shots,

In  the  1/2  to  1/4-poulld  sizes,  sejspF`lME;''E  is
packaged in spiral-vyoLJnd paper cartriciges.

All sizes have excellem w'a[e.. resistance and can b€
initiated with a #8 strength STATICMASTEB oetonator.

57]fl7YGhfl45FER€`.  =iectri= [Ieteriaters for Seismic =xp!ora±iot-i
DESIGNED  FOF3  SEISMIC  WOF}K  -  Exclusive  Atlas  electric  in,atcn  provides  reliabl€

detc)nation  with  minimum  lag  time  and  scatter.  Full #8  strength  explosive  output to  heir
insure initiation of the seismic charge, even under severe conditions.

UNEXCELLED  PERFORMANCE  -  Fligid a:atistical quality cc]ntrol tests are performet
on  all  components  and  on  the  completed  detonator to  assure  reliable  and  consisten
performance.  A  tough,  hard  enamel  coating  under.the  plastic  outer jnsiilation  provide!
additional protection against shorting ot legwires under extreme condjtjons.

WATEB  AND  WEATHEB.PFIOOF  .  Legwire  insulation  is  designed  to  withstanc
extremes of heat and cold and the severe conditions ericounterea. in deep-hole  loading
All  detonators  contain  a  double-crimpeci  rubber  plug  to  provide  a  water-tight  seal
Excellent firing characteristics permit use in single-hole or multiple-hole pattern shooting,

PROPEPITIES AND SPECIFICATIONS
•  Detonator strength - #8
•  Functioning time scatter . Less than a.001  second; even

lower as firing current is increased
•  Becommendecj firing currem -3 to  1, 0 amps  DC, 4 to  10

amos AC
•  Wa.tar immersion depth (max. Iested) - 500 feet
•  Bridge\^.ire resistar`ce - 0.9 Ohms
•  Detonator shell - Gilding  metal

REDucED sENsmvlTy
TO EXTPIANEOUS ELECTPICITY

A  speclal  briogewire  and  the  SF  feature  in  the  electric  match
provloe  rec}ucec`  serisitivlty  to  static  electricity.

OPERATING AIDS
With  recommended  firing  currents.  STATICMASTEF]  electri(

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

PACKAGING
STATICMASTEB  electric  detonators  come  with  spoolod

duplex  copper  lead  wires  (yellow  color)  in  lengths  of 40'.  60'.  80',
loo..120',150..160..  200.,  250..  300',  ancl  400`;  and  in  shorter
legwire  lengths  (folded  duplex  wires.  yellow)  measuring  12`,  20.,
artd 24'.
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HAZARDOUS         CHEMICAL      MATERIAL      S   AFETY      DATA      SHEET

ArLAs  povem  comAN¥
15301   DALLAS   PARRTAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

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

3.     rmlcAL  "ERCENcy. TELEPHONE  NunERs:

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

4.     TEE  RATERIAI,s  DEscRIBEI)  IN  "Is  DATA  sHEm  ARE:

RAZAREOUS   CHEMICAL   INGREDIENTS

5,     CH"ICAL  AND  co"oN  HARE(s)   oF  EAZAroo8s  cE"ICAL  MIxroRE/INGREDIENTs:

ApexLAll  Grades,   REL  614,   RXL  615,   PcrverAN-All  Grades,   Bulk  Enulsions-All  Grades

Major  Hazardous  Ingredletits  Include:
Amoniuai Nitrate
I)iesel  011   (In  Some  Foznulas)

IS CA                       GAS                            RTEC S
LISTED                     NO.                                  NO.

Y                6484-52-2             BR9050000
Y            68334-30-5           h`o  Listing

Note:     See  XSDS.for  AmorLiuzzi  Nitrate  Plus  Fuel  Oil

6.      PHYSICAL  AND   CHEMICAL   CHARACTERISTICS:
Vapor       Flash    }1elting    Boiling    Specif ic

Pressure     Pc>in[     Polnt°C    Point®C Gravitv
Mol,
!!Ei     £!±E    Appearance

Amofliua  Nitrate           0                 d              155              190              I.725         83         None    Hhice  soliE
Diesel  oil                       qd              nd                   nd       147.371          0.87            nd     Pungeac  Brown  Liqui=
11ixtu=e                                 Neg.           nd                    nd             1251.I   to   1.3     NA          None     tirh±=e   cress;

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

Amonium  Nitrate  -  DOT:     O-jcldizer
Mix[ure    DOT  Explosive,   Blasting  Agent

a.     HEAL"  IIAZArms:
.--.-    I

Carcinogea
Corrosive
nghly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef i eccs

9.      PRIMARY   ROUTE(S)   OF   ENTRY:                Nc>   Data

10.      PERMISSIBLE  EXPOSURE  L"ITS:         NO   Data

Diesel  oil:     Flanmable

--I---'`---I--i-   _

Ref :   Reglstr:`'  of  Toxic  Effects
of   Chemical   Subst:ances   (RTECS)

N  =    No  C:iterla  Match
Y  I    Poslcive  Criteria  Match

per   RT£CS
nd   I     No   Data



11.      LISTINCS:

mERIAI,

Emulsions/A.\.FO   Blerids
Page   2

NIP  ANNUAI.   REPORT                   IARC                             0SRA
ON   CARCINOGENS                        MONOCEAPHS            CARCINOGEN

12.      cENERALLy  Appl.ICABLE   pRECAUTIONs   FOR   SAFE  HAlroLING  ANI]   USE:

HYCIEIIC  PRACTICES :

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  ldIAst7REs  I>uRINc  REPAm  AND  RAINrmANCE  OF  cONIAlaNATm  EQulpRENT :

Use  rlon  sparking  tools,  avoid  open  £1ane,  veer  normal  safety  equipment,
Such  as  gaiety  glasses  and  hard  hat.

pROcEDUREs  FOR  cl,EANup  or  splLLs  AIm  LEAKs:

Bulk  Product!     Isolate  and  coticain  spilled  macerlal.   Contact  Distributor
or  Aclas  Powder  for  Spill  Response  Assistance.
The  disposal  of  datnaged  or  deteriorated  explosives  mtist  be
carried  out  in  accordance  with  all  Federal  and  State  Regulaticir.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Cetiter  (800J24-8802)   and  the  local  Police,

13.      CONTROL  IEASURES:

ENclREERne:

WORK  PRAITICES :

rollou  BATE  standards   for  storage   (27   CFR   151   Subpart  3)
Except   for  Bulk  products,   See  "Do's   and  Don'Cs  -Instructions  a'nd

Wa,mlngs"  -  found  in  every  shipping  case.
See  lnsti[uce  of  Makers  of  Explosives  Publicat:ions.

Follow  OSEA  Scaridards   for.Storage  and  Use   (29   CFR  1910.109)
Except  for  Bulk  products,   see  ''Do's  and  Don'ts  -Instructions  and

Warnings"  -  fouad  in  every  shippltlg  case.
See  Insclcuce  o£  Makers  o£  Explosives  Publications.

PERSONAL  PROTECTIVE  EQUIPENT :

Avoid  Coxlc  fumes  froB  blascln8,  wear  nortRal  protective  equiptDent,
Such  as  Safecy  glasses.  hard  hats.   etc.

i4.     ERERCENcy  AND  FIRST  AII]   pROcmuREs:
--           `   ,        _

.,-,

Do  not  atcenpt  Co  fight  fires  involving  explosives.
Immediately  evacuate  the  area.     Avoid  toxic  funes  from  fires.
h  cage  of  skin  concoct,  uash  affect:ed  area  `.ich  water.     Eye  coricact  -
flush  eyes  for  ac  least  15  ainu:es  and  coasulc  a  Physician.

15.     DISCIAIRER:          The  above  information  taken  from  vat:1c7us  publl6hed  and  unpublished
sources  ls  believed  to  be  accurate  and  rep:esencs  the  best
lnfor=]acion  currently  available  to  us.     Houever,  ue  make  no  uarranty
of  the  accuracy  of   such   informaclon,   e3i.press  or  implied,   and  assume
no  liabllicy  resulting  frc)a  its  useh     Users  should  tDake  their  o`m

#:=:ts8:Ei::£a:°p3:§8::i?e  the  Sulcabillty  of  the  informs:ion  for
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)lD      Sac.    o£   Explor.    Geg..Physic
ro       c/o   Ks.   Geo|ogl.cal   Survey

1930   Constant   Ave.
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INVOICE
INVOICE O^TE "vacE ro. PAC....

11/18/91 40849 1

Sin.     Fort   Bend   Co.   Delivery         4
;\\L-,.TO

; r. I i- ., }., .\ ; . `      .3arJE.q9a.-E' i    ``'i.:i,-±Tee    i    p*REi    !      ..   oi`t3Ep:`e.i..i3c:-+rsE SHIP V!A SHIP DATE TEqus

4o849|
--11/15/01

S30 r..    .` Our   Truck 11/15/91 Net    30   Days
ITEM NO. rTEw DEscF]Ip"ON

a:i..`qr:T`..3fir.::.cii:C` CL`,aNFTriv SHIPPE=. sT:t.uNiT  I               ijtiiT paicE PO.lee IJN DisccLiRT     I                 EXTENDED PF]roE

50408000 80'    SW   STATICM s`TER c,rf
CUCLB..*sAli.CLBCU(.,.1`t...-.....,i....::,..=;..,V.'~,,.:`L._,.•11,;..i;..:,i:(.:•-.`,.'';..!ji.(±-'.

`-.`.......•`...,:`:..:I;.:.i'`...:....i...•-,.-:-_.•..::..,..`.,..•:.:.,.'.;:..:..`±-r--__fj;g_4T:-JJfil

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

0812533 SEISPRIME   E   1- /8X /3
t... `.4 . 0001r.--. .....-......,.         .          .4.000.. LB..   . -t±.. -....  . .164 . 00

ooo.ooo5f.:....-.,..,......,.:....::{`.

•,.-.   .., .   I  o.•HAz.ARDOu§ .  .inTR

inb`I:
I-CHG                   .     .`. .-,   .-.:     ..  .`r.. :  .  .    ...     ,Ir-'...'giv,14.26.78,3....,--...,•-.

aooo-oot"90,I...:

'-:,.       ..'.-...   ',     .I    i.000
.*sAL ...   -..      I.,.   3..;   1.`4I,.

-.  . `.E.,R; C . C . -    HIGH
EXPLO

'.IV'ES

4 ..000 4.000 LB ¢;506.50',,I.:.-.,-,`\  ,.I,,,`.:,.:'.i`.`'\.

00000006 i!.R.C.C.    -PET NATOR
12.000,',,I•`.....\•.`.`,.-.-.'•..`..-..../i:.... 12.000,.,1.,, EACHI.

•-;i)  J3df 1,`'.

\
s^LEs AMcrm 108 . 72flc

aoct'                                                                                                                                                            ,

MISC. CHAF`GES .00
FFtt:larmSALESTAX .00

TOTAL •        ,      I-_
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