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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                       A High-Resolution seismic Reflection survey
in the |oplin, Missouri, Area

Location:                                 Joplin, Missouri

Site safety officer:                Richard D. Miller

Plan prepared By:                 Richard D. Miller

Estimated Duration of Field work:   4 days

11.        STATEMENT OF WORK

The high resolution seismic survey will primarily target acoustic contrasts in the
20 to 200 ft range.  It may not be possible with a single pass to effectively acquire data
within that entire range of depths.  For purposes of this proposal, parameters will be
generally defined for two different target windows: one from 20 to 100 ft and a second
from 60 to 250 ft.  The thickness of the overburden and the depth of the primary target
will dictate the station spacing and source type and strength (the source will also be
dependent on clearance and access).  The goal of this survey will be to identify fractures,
voids, and any other subsurface feature that could act as a conduit for fluld migration.
Faults and/or joints as well as voids are of particular interest.  Proven high resolution
techniques (Steeples and Miller, 1990) will be used to acquire data on this survey.  The
data will be acquired in a standard CDP format (Mayne, 1962) using roll-along type
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/pt, and acquisition philosophy will be
based on extensive pre-production tests.

The project will consist of two major phases: testing and production.  The testing
phase will commence as soon as a mutually agreed time can be arranged between the
Kansas Geological Survey (KGS) and Tetra Tech Inc (TT).  The testing phase will consist
of one-half day of walkaway tests near planned survey lines.  The walkaway noise tests
will be gathered according to common shot station and receiver offset and separated
into distinct groups according to recording parameters.  The quality and potential of the
test data will determine whether the production portion of the project is feasible and
should be undertaken.  If both KGS and TT agree the data quality obtained warrants
continuation of the project, the production phase will commence.
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The production phase of the project will begin upon joint approval of the test
results by TT and KGS representatives.  Acquisition of the production data will entail
between two and five days.  Acquisition of the production data will follow well
established procedures, but will be somewhat dynamic with respect to specific
parameters.  The basic structure of both the acquisition and processing flow will be
roughly designed around the findings of the preliminary testing.  The uphole surveys (if
allowed) will consist of downhole hydrophones recording information at the base of a
water filled monitor well or at the approximate depth of the bedrock surface in the
water filled monitor well.  Step-by-step analysis during the acquisition and processing
phases of the survey will be continuous with modifications made at any stage of the
survey if deemed necessary to ensure the quality of the final product.

EXPERIMENTAL (TESTING) PHASE

The testing phase will begin the week of March 23.  The testing will involve two
parts:  uphole survey (if approved), and walkaway noise tests.  The uphole surveys and
walkaway noise tests will be run coincident with each other and will represent the first
operation to take place after the appropriate safety briefings.  The walkaway noise tests
and uphole survey should be completed within the first few hours of the first day and
will allow selection of the optimum acquisition parameters and equipment for the
production portion of the project.  The entire testing phase should be completed in the
first half day.

The uphole surveys will involve downhole hydrophones and the optimum
surface source for conditions.  Shots will be recorded at least 10 ft beneath the top of
water table.  The uphole information will be used to determine a true average velocity
and represent ground truth for the time to depth conversions.

The walkaway noise tests will be conducted along one of the proposed seismic
lines and as near to a control well as possible.  The walkaway will consist of source-to-
receiver offsets ranging from 2 ft to approximately 192 ft.  To avoid spatial aliasing of
noise the receiver interval will be 2 ft.  The downhole 30.06 firing rod (Miller et al., 1989)
and the 12 gauge auger gun (Healey et al.,1991) (neither require class A explosives and
will therefore not need permitting) as well as the sledgehammer weight drop source
will be tested to determine the optimum source for the near-stirface conditions.  The
30.06 downhole firing rod will most likely prevail at this site.  The downhole placement
of sources greatly reduces the amount of recorded ground roll and other seismic noise
and all but eliminates the higher frequency air coupled wave prominent on weight drop
seismograms.

The receivers available for testing will include both single Mark Products L-40A
100 Hz geophones and triple 40 Hz Mark Product L-28E geophones wired in series.  The
loo Hz geophones will be tested first and from previous experience will probably pro-
duce the best response.  The need for a strong signal from the geophones is paramount
and from previous experience, lower quality geophones will not produce the desired
high output within the desired frequency band.  Analog low-cut filter tests will include:
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low-cut out (all-pass), 50 Hz, 100 Hz, 150 Hz, 200 Hz, 250 Hz, and 300 Hz.  If at any time
during the low-cut filter testing the signal-to-noise ratio drops below acceptable levels,
the upward progression of settings to be tested will be terminated.  The low-cut filters
will have an 18 dB/octave roll-off.  If at any point during the noise testing an optimum
parameter or component is identified, the affected portion  of the remaining tests at that
site could be by-passed.

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

Final decisions concerning feasibility of continuation of the survey will be made
after completion of the testing phase.  The data will be sorted, bandpass filtered, AGC
scaled, and displayed in wiggle trace format.  These plots should possess sufficient
information for a qualitative judgment concerning the feasibility of shallow high resolu-
tion CDP seismic reflection methods to delineate the structural and stratigraphic
features of interest in this area.  Combining the walkaway noise tests and uphole sur-
veys should allow confident, well-informed decisions to be made concerning the feasi-
bility of collecting useable data at each site as well as the feasibility of the entire project.

PRODUCTION PHASE

The production acquisition phase of this project will begin immediately after the
testing phase.  The data should be acquired in five days or less.  The field parameters
and equipment will be dictated by the results of the walkaway noise tests performed
during the testing phase.

The particular source and receivers, as well as station spacing, shot interval,
source/receiver geometry, and repeat shot count, as well as the optimum recording
window, station interval, and shot interval will be determined after evaluation of
analog field files recorded during the walkaway tests and evaluation of uphole
information.  The source and receiver selection will be a qualitative choice dependent
on frequency, quantity of ground roll relative to body waves, and physical site and near
surface constraints.

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

The results of the walkaway noise tests from the areas nearest the location of the
proposed CDP test lines will be used to determine specific optimum parameters used to
record the CDP lines.  Parameters such as sampling interval, record length, and analog
filtering will be determined after careful examination of the dominant frequency and
useable bandwidth of reflection energy recorded during the walkaway noise tests.  The
sampling interval will be chosen to ensure at least 10 samples/wavelength of the domi-
nant reflection energy.  The total number of samples will be chosen based on maximum
time (depth) of interest as determined by both the sampling interval and the uphole sur-
veys.  The analog low-cut filtering will be determined based on qualitative evaluation of
the recorded reflection energy using the various low cut filters.  The analog low-cut as
well as high-cut filter will balance the spectrum toward the higher frequency while
maintaining the largest possible bandwidth (Steeples,1990).  If deemed necessary, spec-
tral analysis of the walkaway data will be done to determine the spectral characteristics
of the recorded information.  Once the seismograph's variable settings are selected, the
settings will not change for the duration of the particular line being acquired.  This is to
ensure consistency in phase and to avoid confusion relating to plotting scales, alias
values, and system response.  The parameters chosen to record the CDP lines will incor-
porate the results of both the walkaway noise tests and the uphole surveys.

The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 24-fold CDP stack.  The geophone station interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 4 ft, which will result in a 2 ft horizontal
subsurface sample interval.  The data will probably be acquired using a split spread
source/receiver geometry to enhance dip control and increase the redundancy of close
offset traces.  The source-to-nearest receiver will probably be on the order of 8 to 12 ft
with a maximum source-to-receiver offset of approximately 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.  Provided sufficient energy can be generated, the
downhole 30.06 firing rod will be the preferred seismic source for the production lines.
However, the sledgehammer and auger gun will be available if conditions require their
use.  The single L-40A 100 Hz geophones with variable damping capability will be the
preferred choice for the receivers on the production line.  If the loo Hz geophones prove
not capable of producing acceptable signal-to-noise ratios, triple L-28E 40 Hz Mark
Products geophones connected in series will be available.

The equipment and recorded data will be continuously monitored during acqui-
sition to ensure the highest quality CDP stacked section.  The response amplitude of
receivers will be monitored using a modified tap test performed after the planting each
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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.
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IV.       SAFETY PERSONNEL

Safetv Personnel and Emerfencv Contacts

1.         Rick Miller (KGSLsite safety officer

2.         Randy overton (TT)-Delegated Representative and site consultant

3.         Joe Anderson (KGS)-Line chief
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRINT\                               ComDanv Sianature

Site Safety Officer

Tetra Tech/Joplin, MO Page 6 March 1994
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINT\                                ComDanv Signature

Site Safety Officer
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specific Safetv Requirements

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

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

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

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

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

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

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

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

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

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

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

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

Tetra Tech/Joplin, MO Page 9 March 1994
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V.        EMERGENCY INFORMATION

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

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

HOspital:
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Procedures

Accidents /Iniurv:  If any serious injury does occur, the appropriate authorities shall be
notified imm6di-ately.  All accidents will also be reported.

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

•      Firing communication:  Rick Miller shall establish a series of warning signals to be
used prior to and following each shot.  One short horn blast, whistle blow, or other
audio signal will indicate the beginning of a blast.  He will review the precise
waming procedures with all project participants at the initial site safety meeting,
and will monitor compliance with these procedures.

Tetra Tech/Joplin, MO Page  12 March 1994
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Safe Distances:  All project personnel not authorized to handle the shotgun
ammunition and guns must stay a distance of 25 feet away from the guns and shot
locations.  Non-project personnel will not be allowed in the work area.

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

8.         Work Item:  Seismic Gun safety Rules

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

operating Environment.  The .50-caliber seismic gun is a single-shot rifle that fires
standard-military ball ammunition into the ground.  The projectile is fired into a hole 30
to 36 inches deep and two inches in diameter.  The barrel of the rifle projects about 24
inches below the ground into the hole.  The nominal diameter of the hole and of the
barrel differ only by about 1 /8 of an inch so the ground provides an 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.

Enerav 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.  Secondly, the
collision would be less than perfectly elastic, so some energy would be lost in the
collision.  Thirdiy, projecting to the surface at angles that would not strike the plate
would require a less energetic, deformed bullet to traverse more than 36 inches of
undisturbed soil, which is highly unlikely.  In previous experience, when the bullets
have hit hard materials such as solid limestones or cemented sandstones, examination
revealed that either the bullet disintegrated, or the rock shattered, or both.
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Transportation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber militaryrstyle ammo boxes.  The ammo boxes are locked in 10-gauge steel boxes
tthat are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

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

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

VII.     SAFETYANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

IX.       HANDLING AND DISPOSAL OF UNEXPLODED ROUND_a_

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

X.         REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, Fz.rca7'77'zs S¢/efty.
DOE Report DOE/EV/06194-3, DOE £xpJos{.z7cs S¢/edy Mcz77owZ.
ID Appendix 0550, Sffl7tdercz aperflfi.ortczJ S¢/edy Req#£.rcmc7tfs, 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, Sofety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat

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

Name (PRINT) ComDanv Sianature
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SAFETY   ANALYSIS

- - - -

Potential  llazard

L0st/Stolen  Armunltion

Durinq  LoadinqMloadirm:

Dr.opped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durim  Firinq:

Muzzle  ^tr  Blast

Ricochet

Flashbums

Conseauences

Personal   injury  or  property
damage   from  unauthorized  use.

Personal   injury. from
accidental   discharge.

I

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

Personal   injury  from  flying
rocks,   soil,   debris.

•;.    `.

Personal   injury  from
ricocheting  projectile  or
fragments .

Burns   from  muzzle  flashes

- - -

Page   1

M{ttqatlon/Prevention  Mechanism
i

lmplementation  of  syst`im  to   issue  daily
ammunition  allotment  alid  control
inventory,   in  addition  to  physical   control
of  aimunitton  at  all  tines.

Asslire  training  of  i]ersonnel   tn  proper
llandllng  of  live  aiimunition.

AssLire  training  of  personnel   in  proper
handling  of  ammunition  and   ln-process
inspection  of  ai"iiunition  and  seismtc  gun.

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

Design  and  use  of  setsmtc  gun  prevents  the
escape  of  I)rojectile  or  fragments  from  the
borehole  with  sufficient  energy  to  cause
personal  injury.              \

Discharge  tnt.o  earth  o~?.  contatrment  device
suppresses  muzzle  flasli.

-
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SAFETY   ANALYSIS

- - - LL    IL    L    -

Page   2

Potential   Hazard

M i s f I re

Accidental   discharge  of
seismic  gun

Plugged  barrel   -  dirt

Plugged  barrel   -  water

Barrel  dlsengagenent  from
pl ate

Breech  disengagement  from
barrel

OLirim  Transport

Accidental   dtschange

Consequences

Personal   injury  from
subsequent  accidental
discharge  of  misfired  round.

Injury  to  unintended  target.

I)amage  to  barrel   and
resultant  .pe.rsonal   injury.

Damage  to  barrel   and
resultant  personal   injury

Personal   injury  to  crew
member(s)   by  flying  rifle

Personal   injury  to  crew

::Eb3:i:)#u::?ing  breech

Injury  to  untntended  target.

M]t.tqatlon/PrQventlQP.V9Eh_aq_=l£FQ
I,

Assure  training  of  personnel   in  proper
handling  and  disposal   of  misfired
armun 1 t i on .

Assure  that  operating  procedures
prevent  transport  of  loaded. seismic  gui`.

Assure  that  of)Crating  procedures
iriclude  thorough  bore  slght]ng  between
shots  and/or  |]robtng  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  tn
borehol e .

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

Implement  an   lnspectio.n/maintenance
procedure  for  the  breach-to-barrel
attachnrent.

Assure  that  operating  procii\dures  pemit
loading  only  after  seismic  gun   is
instaued  tn  borehole.
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SAFETY   ANALYSIS

L= L=

Potential  Hazard

Accidental  drop  or  collision

Consequences

l]amage  to  barrel   or  firing
mechawi sin

Page  3

Mlttaation/Preventl(in  Mechanism

Assure  that  operating/tra'hsportation
procedures  require  thorotoh  tnspectlon  of
seismic  gun  after  drop  or  collision
inctdents.     Setsmlc  gun   is  disassembled
and  stored  tn  special   com|}artment  during
velilcular  transport.



I

I

I

I

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I

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 baLrrel
Never strain to carry, get a second person
Never assume anything

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

8.        Cleaning

1.           Daily:

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

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

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

least 3 times a day.

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

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

1.         Assumptions

NONE

2.         Never Do's
Move from downhole placement with shell in chamber
Gun loaded with no one standing on plate
With one person on plate
With knees locked
Extract a shell in less than 2 minutes that does not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters
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March   24,    1987

MANDATORT    SAFETT    RULES     FOR    USE    OF    THE

.50-CALIBER    SEISHIC    GUN

The   .50-cal   selsaic   gun  ls   powerful   and  must   be   securely   positiot`ed  when
fired.     Danger  exists  not  otlly  wlch  the   tullec  projectile,   tut  also  with   the
recoil  of  a  loose  gun.     Be   sure   Chat  all  m6unEing   bolts   are   tight.     Never
scrlke   the  gun  or   bolt  wlch  a  mecaLl  object.     If   the  gun  is   jamnlng  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.

Operatlotial  Safety  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   position   to   be   fired.

3.      AIWAYS   unlock   the   t)olc   when  moving   the   gun   (disarin   ic).

4.     iNEVER  move   the   gun  with   a   live   round   loa.ded.

5.     ALWAYS   remove   the   bolt   completely   from   the   gun   for   transportation  and
S tora8e .

6.     ALWAYS   double   check   safety   proc.edures.

7.     Use   counon  gun   sense.

I)owhole  node

Be   sure   all  nouncing   bolts   are   Ci8hc.     Do   not   .force   tl`e  gun   down  an
augered  hole.     Re-auger   the  t`ole,   if   necessary.     Be   sure   that   t`i`e   base  plate.
rests   on   the   ground.     Hat-e   two   people   stand   on   the   place   w`nen   firing   (flex
tr`nees   Co   absorb   the   shock).

If   the   hole   has   water   ln   it,   seal   the  muzzle   of   Cl`e   gun  w.i.[h   tape   or   a
balloon   to  keep  water   fcon  seeping   into   tl`e   barrel.     Avoid   this   situation,   it-
possible.     Water   ln   the   barrel  inay   seriously   damage   the   gun  when   fired.
Injur}.  is  possible.

Surface  Node

Be   sure   all  mounting   I)olts   are   tight.     Carefully   protect   the   breech,
[rlg8er,    and   bolt   when  moving   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN.
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oPEPATioNISAFErv BULES AND BEGULATloNS
FOF3 lTIE

AUGEFZ  GUN

5 /  ,  .. I €z-

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

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

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

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

8)     The  firing  rod  should  always  be  handled  as  if  it  is  loaded.    The
firing   rod   has   an   automatic   safety   that   will   only   allow   the   firing   pin
to  travel  through  the   rod   if  the  gun   is  locked   into   place   in  the  auger.
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haproved Shallow Seismic-Reflection Source: Building a Better Buffalo

Johr. Healey, Joe  Andersor., Ric_hard M_iller, Dean Keisu)etler,  Don Steeples,
and   Brell Bennelt, Kansas GeologicaLI Survey

SUMMARY

An improved design of the buffalo gun.
incorporating hole drilling and shooting into one
operation with almost total blast containment,
provided nearly 50 percent more recordable seismic
signal than the traditional buffalo gun.   The 'auger
gun' is designed to optimize field efficiency, source
couple, and safety.  'I'he auger gun consists of three
main parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude spectra indicate the
auger gun delivers approximately 20 percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in LaLWTence, Kansas.   Subtle changes in
source envirorment, 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,
ha`.e a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison t,o the buffalo gun.

INTRODUCTION

Increasing  environment.al  and
engineering  applications  of reflection  Seismology
have spurred research and development of shallow
high-resolution reflection techniques  and equipment.
Resolution on the order of a meter is necessary to
detect ultrashallow targetsr-generally the goal of
most environmental  and engineering studies
(Steeples and Mnler, 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,  maLlls,  and
thors).   Recerit advances in high-frequency
enctneering sources  have  come  predominantly under
the 'gun' classification.   Development of a downhole
shotgun capable of generating a consistently high
frequency source wavelet with only minimal  increase
in expense and effort o`'er hammers, spurred the
shallow  seismic.reflection industry.   Downhole
shotgun  sources possess  significantly more  energy in

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

DEslGN AriD 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
an.v downhole e.xplosive source) can be related to
efficiency in generation of broad-band, high-
frequency energy.   Improved energy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(Miller et al.  1989).   Containment of the air-coupled
wave has been at least partially accomplished for
downhole projectile sources  with a  steel  containment
plate (Steeples et al.. 1987).  To obtain proper
downhole  placement of existing gun  sources,  a
minimal diameter pilot hole (generally 6 cm,  or so)
approximately 80 cm deep must be bored.   The auger
gun described here incorporates  all  the pre`.ious
operations and  configurations  into  a single  pass
source.

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

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground, (2) loading and firing the gun,  and (3)
unscrewing the  auger flight from  t,he gi.ound.   Once
the 4-wheel-drive loader is in place.  the containment
plate is lowered to the ground sui.face with the weight
of the loader placed on  the plate.   Tl`e hollo``.-st.em
auger flight is then screwed into the ground using a
gaging device designed to ensure  the flight is  screwed

i:tfotvpeed¥r°o¥€haet#]ex.eds:::fvianngdtE:¥ua::Fall:it
into  the ground accomplishes both exceptional blast
containment and minimal  residual borehoie.   After
the auger flight is securely screwed into the ground
80+ cm, the modified buffalo gun is loaded (by sliding
the gun over a shotgun shell), to``.ered do\`'n the
center of t,he hydraulic drive head,  through the
hollow stem auger flighting, and seati`d into a sleeve
at the base of the auger flight.  Water can be poured
through  the hollow stem  auger prior to downhole



I

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2                                                                   Improved seismic.Reflec tion souroe

placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
eit,her 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 t,han a meter
from the shell either during loading or while the live
shell is in the firing chamber.   Another improvement
is related to containment of the entire gun
mechanism in its downhole position throughout the
firing operation.   Finally. the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.   The entire design and
operation of the auger gun revolves around
maximizing the recorded reflection energy without
compromising the safety of the operator or
bystanders.

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

REstJLTS

Data acquired for this test `vere recorded
on an Input/Output DHR-2400 seismograph with no
analog low-cut filtering.   Tbe 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 inter`.al of 4 in.  The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The  recording environment was  consistent
throughout the comparison.

Auger gun and buffalo gun field files
acquired under identical conditions allows for
comparison of several key source characteristics
(Figure 2).  The anplitude of the data is noticeably
higher with tile auger gun with very little differeTLce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digitaLl low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).  The low-cut filter
does a good job of removing the ringy refraction
arrival clearly dominating the upper 120 ms of the
unflltered 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 ulrfiltered 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 p)aced in the hollow
stem auger flight just prior to loading the shell tight
against the base of t,he screw hole increased  recorded
reflection energy b.v over 50 pi`i.c.L.nt.   Signiricant
variability in frequency and amplitude of the recorded
energy resulted  from slight changes in  the  downhole
environment.   These subtle changes and their
resulting effect on the seismic dat,a are indicati`'e 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 aLt most sites when compared to the
traditional buffalo gun.   The auger gun is  a
modification of the original buffalo gun design
(Pullan and MacAulay,  1987), and at some sit,es will
represent an improvement.   As  with all  seismic
equipment and techniques,  site chat.acteristics
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.   'I'he 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 rna.v be possible
to acquire over 500 shot|)oints a day w.hen station
spadngs are 5  in or less.

ACKNOWLEDGMENTS

We wish to thank Esther Price for her
work on manuscript preparation and Pat Ackcr for
her quality graphics`

REFERENCES

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

Miller. R.  D.,  Steeples,  D. W.,  and Mazzella, A.,  1990,



I

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Tn`|7roved scisiiii..-Rcnou.Li{>i`.i i`i n'`.                                                                                       :}

Reflections  from geologic  inti`rfaces  shallower  than
30 in at the Pittman Lateral. Henderson, Nevada
[Exp.  Abs.]:   Soc. Explor.  Geoph.`.s..1,  393-396.

Pullan, S.  E., and MacAulay,  1987, An in-hole
shotgun  source  for enchneering  seismic  surveys:
Geophysics, 52, 985-996.

Steeples, D. W., ivfiller, R. D., and Knapp. R. W„
1987, Downhole .50-caliber rifle-an advance in high-
resolution  seismic sources  [Exp.  Abs.];  I.n  Technical
PrograLm Abstracts and Biographies:   Soc.  Explor.
Geophys. 57th Ann. Mtg., 76-78.

Steeples, D. W.. and Miller, R. D.,  1990, Seismic-
reflection methods applied to engineering,
environmental. and ground-water problems:   I.n
Geotechnical and Environmental  Geoph.vsics, v.  I,
Review and Tutorial, Ward, S. H. (ed.), Soc. Explor.
Geophys.. Tulsa, OK.  1-30.

- loading
orifice

hydraulic

Power
head/ ia

E2oo
•5

250

source-to-receiver offset (in)

112                                                20        112                                               20
I 11

'l  l  'i  '  l  ' ' I I „ 11' '„';'' 1111111

111\'    '    I     1

.
I 1' 11.I I 1' 11 „11

'1

II
I Ill I I 11!1 I 1„1 I I       I       I      ,      I,`,          .

IIIImlln L« I
/`-(

I J,- 14=\- !_<Si, '``.

5jRE,'1\..    )re-`
EL=//``,i#          ` `,.i--

1 \ I
W,K_- \`- .y,-?+tt{_\ `\t+-1ri;i;irl+X `\|T 1 , , . ` _i ++-KL'l  - •'<`

-C •-`\

' t
1] I. '|r\ rx.     Il',,X    - '\.\

(`<.`t>.` /\r\ _\\ ',r\ |t //\\            `   I

)
-      tl                  JL) • `,P,WT\`[ \-_         \\-/                    (I

Vh-,y`-.--.-i ')#
(r(` _                     JJ    \    -..,\

\

I \    1         /,',(V      `/(\`. `\\1,,   \1

( \ I 'nh\' I   '' 11 r/   \\1rlrt\  I     ,.       ,
1'( t\K   I /.,\'' I/(  \ \ I nl\     Irrl \1 \/( \ \\/

)'J y,
`}- I -M -

/
\` rn

;`1 \                     ,\L      ..       I       ,     ,\    ,/\

{\' /    '        ';(    \     I                   ,,,          ,, '    \
`             ,I/\                   i,` '

'' I/\, 1

1 ' \ \

I   1.\(. (   \\ \`'\            ` \„ \,-
)i(-,,L'('TThil,I,+HftH)T'f\`, ,-tt`t

-,+,-`1)11      ,

\il[),'1/
'„\

TLJ,JJJ    !1 1+
` ,I, ).I+Ll'J+

/\
`,.\    lL /

I 1\ 1\)), \`
(

II /.\,         ''11'\,I 1'1     I     i ( \'' \ 1.i

I I

(   (   \   I   I  `.,  `   //   (    I    I '1\1 \1'1,'l\LIl' I.
/      :       ,,      I     .I      :

I

Ii '1\ L' \1 Ill            \lL'/:\`L\l):'\lll,I 'I /( I lil        „''`,'\'''`(\,„',Ul I
'

I 1.   \   :   I   '1\\\ 11 Ill             ''\\\11/!\\1';'1'1;

I      '\`           ''               I 11

I

111          „\ I/''
'.       I      !     (        :      I

'

I
` .1'\                          /'!

ill Ill             \\1           (\\                  I I:i         1!' 'J

auger gun                             buffalo gun

Fig.  2     Auger gun field file (left) compared to the
buffalo  gun  (right).

containment plate
screw guide

Fig.  1    Diagraln 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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auger gun                             buffalo gun

Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.

050 loo                 150                 200                 250
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Fig. 4    'I'he darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).
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K.i`9.|s   Ccologlcal   Sot.vcy.

SU-Y
ln   A   dL[ec[   cooparL8on,    Ch€   dovnhoLe   .50-calLb€r

set.nLc   .out'ce   produced   oore   .cl.oLc   enet.8y.   a
bro.der   body-v.ve   i requency   speccrutl,   .t`  du]pLltude
dtop   lri  the  all-coupled  v.ve.   .nd  .  hleher  dot.1n.ric
f I.qucl`cy  of   [h.  I.co.d.d   body-vave  cnet'8y   Chat`  Cl`e
•11cnced   .u.f.c.   .50-c&11bcr   .ource.     The   recot'ded
•elsq]lc   ef`er8y  o(   [t`e   dovnhole   [Lf le   .I`oved   an
Lt`cre..cd  a-plltud.  of  6  (a   12  dt)  ov.I  tl`.C
recorded   by   cl`e  .1lenced   .urf.ce   .1f le.     The  dool-
n.AC   f rcquency  of   tl`e   recorded   I.I L.cclorl   energy
v.a   cof`.L9[encly   ZO   Co   40   llz   hl8her   than   Cha   eur-
face   rLf le.     The  .1[-coupled  v.ve  .|pLlcude  va8
deer...ed  over  12  d8  by  .ut].urf.c.  £1rln8  of  Chc
•lf Le.     The  frequ.ticy  .p.ccr`I  of   [hc  body-v.ve
pal..  v..  bra.dened  by  .1.a.t  .  l`.1f  occ.v.  on  [I`e
t`18h  .tld.    Th.  ..fecy  of  op.r.tloo  of  the  .ourc.  1.
rioc  co.pro.1..d.    A.fl.clot.  vlth  .  do-1a.t`C  fr.-
quetlcy  ln  .xce..  of  loo  llf  c.a  be  ...lly  ldenclfled
oa  field  I Ilo.  .C  d.pth.  of  1...  th.a  30  .  u.1tl8
[h.  do`+I`l`ol.   .50-c.lib.r  rlf le.     Ideticlflc.Cloa  of
loo-llz  reflecto[.  fro-I.LOO  -1.  po.-1ble  on  fl.ld
I lle.   of  ltul[1ple  verclc.1ly   .C.eked  dotmhole   -50-
c.1tbe.  8hoc..    The  .ource  vlll  oper.ce  ln  .A
•f f LCLer`c   banner  colleccLng   CI)P  d.[a,   coonon-of fsec
data,   or   .pot-cor[elacloi`  d&Ca.

INIRODuCTION

lncrc;`ntni:   ci`v{roi`m`}n[A1.`nd   cn8ln.erlng   .ppll-
ciilLo"   u(   rc(Lec[Lo.i   eeL®-olo8)I   llovc   Spurred
re®e.ircli   and   developoent   of   .hallov  hl8h-ref.olu[lon
•c(l€ctLoi`   tccl`nLqu¢e   AI`d   cquLi}-en(.      RcsoLuCLoit   ou
tlie  order  o€  A  I]e[er   1.   nec...try   to  da[ec[  ulct'a-
•liaLlov   torgec9   vt`Lcll   ate  8ef`erally   [l`e   goal   of
-o8[   ei`vlro.`IAoncAL   .ii`d   cngLneerLng   .Cud(e..      This
lI`credecd   regolutlor`  can   be   ob[aLned   by   boo.[LAg
cl`¢   f .|..i`.a.`cy   of   [lic   eource   |>uLse   vhlclt,    Lo   [urt`,
Locreaee.   [ha   dod]1n.f`C   f requency   of   the   recorded
gcLSRLc-ref Lectlori   cl`ergy.      Ceneraclng   the  t`lgh-
£reque``cy   selsoLc   source   pulse   nece98ary   for
challo.   appllca[lon8   ha®   been   acco.pllshed   ln   a
auLcl[ude   of   dlf ferenc   vayg   1rl   the   past   (Mlller   e[
al.I    1986).

Recent   8eLsnLc   Source   advances   d[   the   K.ane.13
Ceolog[cal   Survey   (KCS)   have   -alnly   t.evolved   at.ound
Surface   I).ojeccLLe-type   eout'ce.   {S[eeples   and
KJ`app.    L98Z;   Miller   and   Steeples,    L986;    Sceber   and
Steeples.1986).     A   .50-caliber   rifle,   tthlch  .as
dcgl8oed   and   bull[   to   Safely   i ire  a   750-8raln   bul-
let   verctc.lly   tnco   the  ground.   has   ilore   recently
been  ada|i[ed   Co  operate   p.rtlally  under8rout`d  vl[h
only   tlie   flrLt`g   appar.tug   above   8rourLd.      Thl3   al-
loys   .ale  oper&[1on.,   a  higher-frequency   Source
pulse,   at`d   an   lncrea8ed   .1gnal-co-nolge   ra[1o.

¥.?.I.t:.I.A.N.r!.I.F;€Li.N_(.Q9.r..

Tli¢   }!{!iicr..il   desl8n   cenco[s    around   oiiclnl7.Ini;   [t`e
cu.`vcr..loi`   Iil'   cl`|.r8y   iiroducl.U    lty   a    .Su-c.`llbl.r
rtf li`   I.`ill``C    Into   gelsmtc   (acou6clc)   ..ive§.      Tl`c

naJot'Lcy   of   the   energy   ?roduced   b/   a   .50-caltber
round   goes   1i`Co   ^cccleracln8   [l`e   projectile   ar`d
into   exhau.C   g&se..      Prevloucly,   vl[I`   above-8[ound
eource..   ve   have   sLlef`ced   and   dL®persed   the   exl`ausc
8.ee.   1tl  hope.   oE   elld.lf`.Cln8  or   at   lea€C   g.eacly
reducing   the   ef I ect.  of   the  all-coupled  vave  on
ael..1c  d4ca.     The  dovfihoLa   .io-col(ber   rifle
nearly   .1quLtaneously   excL[e®   the   earth   vLcl`   a
projec[1le   .t`d  vlth  .xh.uec  8a.es  vhlle   concaLt`ln8
Ao.C   o€   the   all-coupLed   vave.   Tcsul[tf`g   lt`
1ncre.eed   frequency   .nd   .13r`al-to-nol9e   TatLo   otl
eeleolc   record   secclons.

The  dovnhoL.   .50-caliber   .eLsnlc   source  cof`.i.cs
of  .   .50-c.llber  rl£l€  bolted  [o  .  a.6-c--[hlck
•te.1  pl.te.    ne  rifle  L[..elf  ls  a  .I.nd.rd   .50-
c.lib.t'  bt®.ch  .nd   bolt.   buLIC   by  lexa.  Cub  .t`d
N.chlti.  Co.p.ay,  .[t.cl`.a  to  .  .c.nd.rd   .50-c.1Lbe[
i.chlne-gun  b.rrel.     N.chlrLed  8[ooveg   ln  the  b&r[el
•[e  a.ed  ln  coojuf`ccloo  vlth  .  pt'...ure  cl.d]p  to
•[C4ch   Che  rlfL.  to  .  )0-co  by  90-co  Steel   pl.[e.
The  rifle  barrel  13   lo`..red   ln[o.4  60-Co  80-cn-
deep  borehole  4  ca   Ln  dL.aece[  unctl   the   pL.[e   ls
flu.h  vlch   the  gt'otind   .ut.face.     This   sccel   place
4cC®   a.   a   ground   seal   ai`d   .   pla[for7i   Co   S[®od   ol`
vhlle   £Lrln€   the  gun.     Ttie  vel8h[   of   the   sl`ooter   on
Cl`e   place   &od   the   .dug   (lc   a(   the   barrel   Co   [l`e
bo[ehole  vall.  help   €.al   [l`e  gur`  [o   Cl`e  ground.
The  rlf le  can  be  equipped  vl[h  a  source  Censor  or
cLo®urc   #.l[cl`   to   dl`.ii.r.i[.!   ;1   Cli..   tiri.:ik.      Ftrll`8
curl   be   doi`o   elcl.cr   all.cirlc;`Lly   by   s`>lci`olJ   ur
I..1^ii^lly    by    iti.ll[nr.   tl`..   rrli:I..i!r.       Tli..   ili .-.. l`ii`a    .5u-

callbcr   veLglis   4boul   ](J   .<L;   jiliJ    Ls   i.;tally   lvo-iicftioti
pot'cabLe.

L`tt€(!llli;NCY    ^Nl'   A,J,I.I

1.I`c   do..`liolc    .`0   c;.llh.;r   lil.uJ`..:i.i;    I-ru.a   b   Lo    12   tlll

8rea[er   recordable   sets.ale   ci`et.gy   a:   equlvalel`[
of€secs   Cl`an   [l`e   silencl.I   surfacL.   .50   caliber   (€1g.
I).      The   increased   rec.::cd   energ;..   boosts   the
signal-Co-r`olse   enough   Co   s`ibscdn:ially   clean   ui)
the   record   secclofi.      The   source-[o-closest   geoptior`e
of cset   ln   fig.   `i   is   4J   a.      Besides   :Ills   ncclceable
Increase   lri   recorded   SeisiLc   ener3:..,   a   col`sls[ei`C
20-40   H2   hoo3[    ln   tlie   doaLnAI`[    f re`:`i¢i`cy   of    tl`i`
sou.ce   waveleE    i3   cl`;`rdccerl.qt{c.

In   previous   shallow-soi]rce   co.tpa:isons   (Xlller   ec
al.,1986),    the   su.face   .50-c.`lLbe:   i}erforaed   com-
p&r4bly   co   Hlnl-?riBacord   and   A   Le-6ause   3uf falo
gun   ln   I.otal   energ;.   and   €req`iel`cy   a?eccru.I.      Tl`e
i`oced   Lflcreaee    I.1   frefiucrtcy   .ii`J   cn€r5y   Would   ru`kc
the   do.nhole   .50-callb€[   rifle   co..£`irable   Co   Cl`e   8-
eauge   But falo   gufi  vtlLch   vas   .`monB   :he   best   Sources
Cesced   for   refle::loo   er.er3y   versus   3rou``d   roll,
Cocal   energy.    ar`d   freq.-el`cy   r.oi`cei`:.
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85  msec  Peflector  Wavelet

Amplitude  Spectrum

250                  500                  750                1000

frequency   (Hz)

-The  amplitude the  ref lection ulse  at  85  msec   is TLjctaves
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jlin . MAl tKIAL
~ILJLJLL   SAFETY DATA
OCEAN®   Network
EMEBGENCY PHONE 1-8000LIN.911

SECTION  I.  lDENTIFICATION
CHEWIC^l N^NE . StNONYWSIndustrialAmmunition  8  Gauge        ( Small  hms   Armunition)

CHENIC^l F^A.IIY F0FtNu|J, TR^OE  N^AIE

Not applicable Mixture Not applicable
oEscFilfrioN C^S WO.

Contairler with powders and projectile Not assigned

I                                                                 SECTION  II -NORMAL  HANDLING  PROCEDURES
Pf`EC^UTIONS TO BE T^XEN  IN N^NollNG ^NO STofIAGE

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

PfloTEctlvE EOulpwENT VENTluTION  I`EOulF`ENENTS

Ey..                 Safety glasses or goggles Local mechanical exhaust
Giov..               N one necessary ventilation recom mended during
oth®.                Hearing protection recom mended confined space discharge.

during discharge

SECTION  Ill -HAZARDOUS  INGREDIENTS

BASIC H^TERl^l                                                      °±WL^                    lo co                   lc so                      SICNIFIC^Wt EFFECTS

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

SECTION  IV-FIRE AND  EXPLOSION  HAZARD  DATA
Push POINT         Not OSH^ Cl^SSIFIC^TION,,- FL^ww^eiE|      iowEF`      I      uPPEFt

EIPLOSIYE - -•.                  '..        =.-
|lwITS

Ex"oulsH"C uEbl^                             Deluge wit-h water,  material is self-oxidizing.   Flood  with  Water
to  fitrht  fiT'e and  to Qoal  shell,a.

SPECIAL FIRE  H^Z^flo I FIRE FIGHTING  PflocEOuflES

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

sEcrioN  v --HEALTH  HAz^RD  DATA               ------..  `.   .  . +J .--



S€CTION  vl -TOXICOLOGY  (Product)           (Sl,lall   Art:s   i-.n.uj`iit; i```,-`.

SECTION  Vll -SPILL AND  IEAKAC;I  PROCEDURES  (Control  Procedures)

^CTION FOF` N^TERl^l ftELE^SE Of` Splll
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking utensils  during
cleanup.    If  containers  are  damaged,  wear  NIOSH/MSHA  approved  dust  respirator.    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 sect.
Label ''Small Arms.Ammunition''.   Wash an contaminated clothing before reuse.

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

TRANSpof`TATI0N  EMEf]GENCY,  CONTACT CHEMTREC 50CH24.93cO
WASTE  OISPOSAI WET+loo

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

sEaloN  vlii -sHippiNG  DATA
a.o.T. cuss                                             Class c Explosive        OEN-D

SECTION  IX .  REACTIVITY  DATA

SECTION  X -  PHYSICAL  DATA

"EiTIHG rolNT             N/A V^poR PAE3SuF`E                    N/A vouTllES                                 N /A
Bolllwc POIHT               N/A soiueiiltt ii. w^TEf`         N /A Ev^rofutloN mTE          --. ||J.4.

:spEcificca^VITtiH,o.1)        N/A pH                                              N/A v^Pon oENsltt (^lr.1l            N/A

iNFof"ATION  Fuf`NISHEO BY:                 C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,198S

O®partm®nt ol Envlronm.ntel Hygl.n. end Toll
(203' 78

olin  cOF]pOF`ATioN
120  long  F`idge  Poad.  Slamlord. Connecticut 069

0CEAN®   N®twork
EMEf]GENCY  PHONE  1.8000LIN-911
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in.alchal salty Data sh.col.     .
w.ybe `Il.a rowhr-th    .
OS+"'. Lt.I.rd Corrlrntinlcal.in Sl.nd.rd.
2® erF` I.10.1200.  Sl.nd.rd mud t-
con-Iled tor qDch rqilmut

u.S. D.partment ol I.bar
OcaJP.`iorL.I S.I.tv .r`d He.Itt` ^dmlnlltr.tlorl
(Nan-M.nd.tory Fool
Form Appioed

OM8 No.12I®cO72

. «#? .

®®HT" t^- lF..a on I.b.I .r`d IJ-
All  Shot8h®1l  ^zmuJiltlon

unB~"_un-b=LELrT==%rg#r*#LE_
Sctha I    .. -snail ^ms Arminitlon.
W~urf. Nlrr. Em.roerrty T-. lA.mt)-    .

Renincrton  ^ms  Co. ,   Inc. (501}  .   676-3161
^Ll*.-. O\rnb.+ S\r..L C*r. Sn\ \pd ZP Cot.I T.I.phan. Ntmb-r b. Inbm.tlerl

I-40  €  Xlghviy  15 .    .  . (SOL)      374-2246

Lonok.,  Ark.ansa8       72086              .    .    `    .         ..
n', P,ord`      8-12-86    .     ..

sign.tLr. ol pTap.r. /qua-)       .        .
W.G.  Bell,' Chem  Lab  -Technical  Section

S.ct)on I - tlazirdou. Ingl)dl.i`ti^donllty blom.tlon

l+-z]rda-I-cajj]eari== Go.clt cilimlcal b.n.h( Common hlm.tq)        Osl1^ PEl             ^CBn tlv
Lead.,   Inorganic  and  i.Cad  ccapo`inds.                    50mg/M

^rgenl.c  .nd \|nd®                                                           10

Anthon and  en nd.                                               500  a
Bari`izB  a]ia  coDpound®                                                             500  ng/X3.
tlltroglyerln  (0.05  in  akin)   500. zblcrograns/M3  of  air

t"  -  "Snail  Arms  Aminltion"
•.     Cla!. C  Explo.iv.

UPS                    :  OOu-D

S.ctlon ql - PtrytJc.I/Ch.mlc.I Ch-ractort.tJc.
ecMO pob                      .              . s#gffiltfi:I

tlot  applicable
V.per pr.-iin (mm HO.)     . NMinq tw

Not  applicable Nat appllcabl.
Vpr arty pe . '' inin-~TnwoTApfti.caL[c,Not  airllcabl®
S¥dh(Teed styphnate  -|nsol`ible|  Lead Nltrat®  -127  gTb/100cc Vater -loo.C

--rfCb
Crayleh,  Gray,  Sllv.zy  Nat.rlal  i  Wo  odor

S.ctlori rv - FIT. .nd Elplo.loo l1|zird a.I.
fwh Pch Okou uq fqnv"H - un UEL

Not  applicable Not  applicable t'^ t'^Edr- Lq
Material  18  .elf  oxldirlng)   flood  vlth  Water  to  flqht  £1re. and  cool  .h.11..

sf*I Fh Firtyo pdp.d`--  '

uT#e|F|"8T|ET¥t#e when  exposed to  flea.  and high  temperature..
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s.ctioo v - A..ctivrty O.u
Slut, ul- Cdriuou®^"       rianeg,   sparks,  percussion  or  shock  and  hlgb  .

SLth
X texperatureg   (130.C)

lncomo.llbJIlty {A/./.rf./. /a Airoo  .. Strong  mineral  acldg  and  alkali.
tl-z]rful Ci.j=E=i;i,-Eai] cr O`rdd

®tldae  of  carbon,  nitrogen  and  lead  fuz®®3.- Lrty Cho -t°^ut      Heat,  £|re,  static,. £rlctlon and percugglon.
Wq " Cky

X

Sectlon Vl - He.lth Hazard b.ta
F`t]ii.) ol Eirty`r.                          Ir.A.I.Iion7       hoes Stu?   cfutg  or  abrasions  -ffitri?clog

rLFnenr#`#igTrengctorla,embryotoxln,"lnutrltion,
Weakness,  tTlental   confusion, allor  .

tr.eat  per  general  lead  expog`ire}.  headache  and  nausea

C=i5fE=;Fi:=g=g-i  I i ----NTP? -----                          ue Le'°Oq`.?                       °SH^ Reel+"'  Lead.  Yes

6givd9rTt-a/E--.      Refer  to  health.hazard  above.          `                                     .     ..

± CartJnlor-.
C-iiii==F Acomdid try Em-I- Gastroifltestinal  tract; kidneys,.  blood  and  ceT`tral  nervoti8

Bygteb.          (CNS)
tr-ulF"AHpn~        skin.  £iu®h  ulth wateri  i£  8vallowed  sect  medical  attention

rfuediately.
S.ctlorl Yll - Pr.cautlort. for S.I. H.ndllng .nd u.e
S].a. b 8. Tu-h Cl.. W.I.r.I I. F±+.+_..c! ar Sp.Ad                                                                                                              .

Use  non-sparking  equipment  to  r:1eanup  and  Store  shells  -a`roid  ignj.tion  sources.

=Tra±¥_l¥_b_e__P`?rned_pEe_:9pp:pE±ts±_e___f_e€_e_r?_I?stateepd}_o_c_al_reg_ul9±o_prag±pg[=
contact

Pb±*e- b 0. I.bri I I1.nEpno .nd Sterlng

F`efer  to  rel®aeed  or  gpllled  ddtd: abo`r..Ch-ho
I.abel  containers  -  -Small  Ams  Amminitlon"  wear  gloves  and  5hrapr.el  protection.

5qu_VIV=_Car_tpl.__M±_±P.®rrty Pid- "r Tlrf-I Osm    s^/His/SCRA

a^-rpTtl.cth-cbhiriocrEcO:cih-1--I Uae  heorlJl9  prot:ection  when  discharging  cart.rldg®..

u,a,a .,--,, I,,„,,,''1
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aENERAL MOTofls cORpof`ATION
MATERIAL SAFETY` DATA SHEET

SECTION I

SECTION 11 -lNGflEDIENTS
(lt,t 1'' 'ng,®dl®nt®)

C^S  PtcISTf]Y  NO. XW *V

-    cHfwun NAvftsi
lJ|'ffi,dii±1a,!*?%o*,i

7664939 37 Sulfut.1c   ^¢_1d NA_

7732183 1& .    Water N^

7439921 90 . H^__

S€par±L±Ot.,   -_     -

D4remt¢ -_~

-_--,-_--_

¢a€o   And   foveri      Polroro.Dylene   (Pl|£[[c`

SECTION IV - FIRE AND EXPLOSION HAZAFID DATA
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ftui5   21    'gi   14:CiT   CHGo   DIST   INFo_riGT  oFc_cENcc-Ill

.    |MATERIAL SAFETY DATA SHEET
PflooucT SA   825   0012

SEctloN I

P.3

V,'lITcci MA^ufAC tuaih.a olvisioN oB 6UBsloiAAv

At)1 Of`€SS {NUMaEPl. sTa€ET. ciTv. STATE. Zlp confi

ChEMIC^l NAM£ aft FAMILY FORMULA

3         Petrol eum  Hvdrc)cerbor` NA

`SECtloN li -.cHEMicAi AND pHv8ICAi.pRdpEaTiE8                         !ctlEMicAi'.                                     lptlvsicAl"
r`A2^AOOuS OECOMPOSITION PROOuCTS foRM.        Seml-sol  ld

6 Carbon   monoxlde.   carton   dioxide ODOR
lN coMPATieiLITy iK€Ee ^w^y .aoMI M I hera 0'1

Strong  oxidfzlng  agents   such  as:     hydrogen  peroxide, ^P,E^R^NCE
6 chromlc   8cld,    brc)r.ir`e 10 Grease
Its? T A-ii toxic ^NO HA2^AOOus iNaAEDiENTsNc)ne loo,,I       Ambe.r

P'2 ECIFIC  CRAVITYiwAtEa.1`RT 0 . 92 4

i8ECTioN iii.== Fm£...AND ±>tpio 8`ON t} ATA'`
®O,L,NG PT.13

NDA               ,r,i

spEciAi fif`E FiGHTiNG ffioc€oua€s f|Ast. POINT IMETtloD u6EolAboveC.O.C.

T

Fire  flghters   should   weer  an 2c     loo   .cJ2L.f MELTING pT. NA.c

eoproved   self   cont§Ined   bre8thlng fl^MM^Bl€ llMJTS toNDA?'LOWER_UPPER_
', C

3,
aoparaTus.              .

saiueiirTyWW^Tfft

N?e I  i f ' A I a
UNUSUAL Flag ^No EXPIOsioN H^Z^ADSDensesmoke €xTINGui8HiNG^aENTs

8 O*YCH£MICAI   a CO. ^T          ?5   .c
= W^TEASPAAY     ¥ FO^M.WATEFiFOCRSANO/£^FLTH11|OTH€R I,

*  VOLATILE,a(8YWT,I
NA

2e
€vAp. flATeI,(.''

NAsgcTioN rv  - H€ALTH HAZARD DATA
pEf`MlssiBLE coNCENtfi^TioNs iAm.

',
V^P07` Pf`€SSUR€lmmHe.t20.Cl NA

9 NDA
NAEFFECTS Of OVEBEXPOSuAE I, l^m  ,  ,I

)a May  cause  Skin   a  eye   irrltation  wlth  prolonged  Contact. A ^S IS NA1

roxicoi06ic^i plop!ATiEs JO oH'1

3, N.P,4. STION6 ACIDsTRON¢aAs!
EMEf`GENC v FiasT ^io pflocEDufiES

2 gv€s     Flush   with   large   amounts   of   water   for   at   least   15  mln. sT^8|E                                           -\.

Call    8   ohysicien    lmrT`ediately.
I

|lNSTt8LE

331£3! SKINCONT^CT       wasn   thoroughly   with   soap   and   Water. V^:€,%§o:FY               too<o'.°3*X,2

lNHALATioN                  NDA`

3'           NA

ilsw^iiow€o       Call    a   PhysIciEr.    lrmediateiy.

N+  -woTAppiic^eL!                                            NOA.  I.OOATAAv^iiABL€                                       <-lea HA,`                                     >. MOBElh^N

Paa6  '  o' 2
ccq,,I  ,,.c.  e S`.   ,=   :
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FIUC`   :1    '91    14:88   CHGU   DIST    INr-O_MGT   C/r~C_CENCC-Il'l

MATERIAL SAFETY DATA SHEET     pBooucT

F.4

SA   825   0012

§EC"ON VII = SPECIA[ ftflECAUT]ONS
pRECAUTioN§ TO aE TAKEN iN H^NoiiN6 ^NO STOAACE

Keep  containers  closed,                                                                                                                          .
4)

sEonoN vill ~ TnANsrofgTA"ON DATA

j.        uN,%`.IttTTt°  E
u.s. a.a.T. .f`opEa 8HlppiNc NAME

7

i..            fl:%.'oT:D I
U.a. a.a.I. HAZ^flo CIASS I.o. NUMega

a 9

TBANSPOBT^TION€MERC€NCYINfoAM^tloNCHEMTREC1.{®00|434.9300
::                      ffiBEL`SIR£Qu,AEo
fa EiGHT cu5slFicAtia N                         .           .          .
5Z

Petroleu.  Lubricetln§  i`rease
S.ECL^l TRAN€PORT^TION N OTES

! If__ 13

SECTION IX - COMMENT§

KEEP   OUT   0F   i.:AC\i   OF   CHI L.JREN!  !

\^/e  believe  the  6ta`em®nts.  technic8I  Information  .nd  r®comm.ndattonS  ContELiri.d  h.r.in  .I.  r®liabl..  but  the\
are  given  wlthout  warranty  ar  gu8r.ntee  o{  .ny  klnd.  expr®s8  or  Implied,  and  W.  asSum®  no  lesponllbllity  1o
any 106S.  damBg®,  or cxpenBo,  direct or con.oqu®ntlal.  arising out ot th®lr use.

i.a6  2  0!  2
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Quc`   £i    '9i    ii:G.,3   cHGo   DlsT   IN.=c._MisT   circ_cENcc-IM

MATERIAL  SAFETY  DATA  SHEET      pflooucT

tJ.+

SA   825   0012

§EcmNvii:LtspeciArpaECAUTioNs
pflECAUTioNs TO a£ TAKEN iN HANoiiNG ^NO STOBACE

Keep  containers  ¢(osed.                                                                                                                               .
3

SECTION V«l - TFIANS.aFTA"ON DATA

#         uN,RfGDY8tTT°  E

u.s. a.a.I. .flapEfi 8Hw]pING NAME

47

F               nEe.Gel.^eT€DD
u.a. a.a.T. HAZARD CIASS I.a. NUMBEB

a 9

tflANSPORT^TION RO LABELISI AEQUIAED

eMgacENcylNFOAM^TIONCHEMTREC1.(800143...goo eo C'

ffi eiGHTCL^SsiFicATiaN

92 Petroleu.  Lubricatlne  C`rease
§pECL^LTRANspcmT^TiowNOTEs

4C 9,

SECTION Ix - cOMmENT5

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

We  bell.ve  th.  gtetem®nts.  technical  |nform8tion  .nd  .®comm.ndatlon.  Contt)ined  h.rein  ..a  r.Ii.bl..  but  th.y
ale  given  wl{hout  w.rrantv  or  gu8r.nt¢e  of  any  klnd.  .xpre!8  or  lmpli.d.  end  W®  essum®  no  reipons!bllity  for
any loss.  damage.  or exponBo,  direct or consoquontlal.  arising Out o{ th®lr use.

0356   2   a(   2



hue  2£   ,st   fd:Os  cH6O  D[sT  INFO_MGTes-[M

MATERIAL  SAFETY  DATA  SHEET

P.5

T6x   no.    :    042840
Prlnt   l]at®

Last   R.viewed
oF/ao92eigg
05/03/8g

Plrt   Type   and  Humbar                                                        Part   name
------I----.---,-------------------.----,,---,.--,,~--------------------------,1~-
Ford    -u.S.    BATTERY    -ALL                                                    8ATTERY    ELECTROLYTE
Hotorcraf t   -U.S.    BATTERY   -ALL                               BATTERY   ELECTROLYTE

---------------------  CHEMI CAL  AH0  PHYS I GAL   PROPERTI ES  -.--------- I -------------

Material    typ.                         LIQulD
Sp.clfic   Gravity                I.250
BolHng   point                        >135   C
fle5h   polnt                            Not   AppHcable
pH                                                           2.a

-----------.----  HAZARD0lIS   AND   OTHER  0lsclosEO   INGR:DI ENTS  ------. I ----.. I -----.

P.rcent           Exposure   Llm!ts   -TVA
Range               ACGIH/OSHA(where   eat.)     CAS   number            Cheiri:cll    Name

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

Expo.ure   Limlt   Abbreviatlens
-,- I, I~ , , ~ ,--- 1 ,,,--,, 1 , ~ --,,,,,-- I ,,,,
TVA-TIM.  W.lght.d   Aver.g®     C-C.fling

S-Short  T.rm   Expo.ure       Sk-Sklf`
Sol-So`ubl.  Compounds             Fu-Funcs

ln]ol-ln.olubl.   Compounds        Bu-Oust <.,1'

----------.----------- i---RE a ULATORY  I NFORAAT I oN  --I ---..-- I -----------.------

This   product   cent.Ins   .   toxic  chemi¢el   or   ch.flicatt   lubjcct  to  the  reporting
reqiJironents  of   Sactlon  313  of   Tltle   Ill   ot   th.  Super fund  Amendm.nts  end
R.authorlzation  Act  of   1986   .nd   40   CFR   Part  372.

------  SICNAI  WORD

DANGER   --CORROSIVE

-------I--.Ift-----in------.-.HAZARDS.-----.------..--.--I---------==a---=

Contact  wlth   thl!   in.teri&l   wllt   cause  burn)   to   the   skin,   .yes   &Ad  nueous
m®nbrana8 .

Wh.A   thls  mlt.rlal   com.s   into  contact  with   the  .y.a,   .erieu.  dlmag.  may  occur.
ThiB   product   ls   h.rmfril   by   IIihal.t'on,   wh.n   in   contact  with   th.   3kln    .
ind   if   lt   is   .wallow.d.

Thi!   product   ls   irrlt]ting   to   the   eyes,   I.eapir4tory   €yeten  and  ekln.
This   product   may   bc   fatal    lf   lt   IS   SwaHowed.

FORD  MotoR  COMPANY
DEAflBORN   Ml   48121
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BUG   21    '91   14:@9   CHGO   D15T   INr-O_MGT   Off_t'ERE=`IM`.---+.
MSDS

(CORTINUEO)

P.6

Tax   no.    :   042840
Prlnt   Oat®    :

-I ----- I ------ I ----  TARGET  ORGANS   AND   MEDI CAI   CONDITIONS   ---------------------- a

Ov.rexpoOure   to   &om.   h]zardoua   lngredlentf   in   thls   Product   he]   been   found
to   affect  certtln  body  organs   and   Syaton8   ln  cxp.rlm.nt&l   &nim.lt   and/or
hum8nl.   The.a   include:

Lungs
Teach
Skln,   Ey.a.   and   R.8piratory   Syet®m

----.--..---.----.----  ACUTE  Tax I C I TY  I NFORMATl oN  ----- d .------- I -------- I=

Based  on   th.  compo€ltlon  of   th.  product   ldentlfled  by  th.  .upp]ler,
§el®cted   porclon.   of   th.   acute   toxiclty   Information  from  RTECS   ar.
3S   fotlow5:
7664-93-9         SlllFURIC   ^CI0

Inhalatlon,   .dult   rat,   LC50  -;]0  mg/m3    (2   Hour.)
Oral.   adult   rat.   L050  -2140  mg/kg                                                          .

------------iiL--i+i5=-±±±---SAFEH^ND|ING^NDSTORAGE-.±±L-L±=-====---===±±-------

Oo  not  breathe  gas/furAa./v.par/Spray.
ul.  thls  product  with  ad.qulta  v.ntll.tion.
Oo  not  g.t  thli  in.t.rlal   ln  your  eyeS.   on  your  .kini   or  on  your  clothlng.
Thlf   lS  an  oxldl&lno  .g.nt  -avold  brlnglnq   lt   Into  contlet  wlth  .a
organic  material .

Stol.  thi&  product   in  .lr-tloht  contaln.r&  aw|y  fron  aoLJrc..  of  halt  .nd
I i ght .

--Iu ---- ul-F IREi   EXPLOSION  AND  REACTIVITY  "FORVATION  n--== -----

Brinqlng   thlt   product   Into  caAt&ct  wlth  cofnbu8tlble  mat&ri.I   B.y  clue.  A   I Ire.
gxTINGulsHER   INFORMTION:   Dry   chemical,    foam,    carbon   dloxlde.
LJt.  w.tor  to  cool   f lr.-.xpo..a  cent.lner€  and  to  prat.ct  p.r]onnel.
W..r  a.lf-contain.a  br..thif`g  app.r&tu8.
Thl.  product  can  r..ct  vlol.ntly  w|th  reducing  .gerlt.  and.organlc  mat.rlil5.
Explotlve  HYORO¢tH   GAS  may  be  rele...d   lf   aqu.eu.   .olutlon.  of   this  ffiatar!:I
Come   into   cent.ct  with   re.ctlv.  metlll    (IRON,   ZINC.   ALUMINun)  .

Irrltatlng  and/or   toxlc  fim.a  and  g.Ses  nay  b.  .fttltted  upon  h..tlriq  ot
thl]   product.

The  daconpoaitlon  of   thls   prodllct  wllr rele&se   toxlc  pa.aS.

FORD   MOTOR   COMPANY
OEAR80RN  Ml  4€121
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(CONTINUED)

P.7

Tax   no.    :    042840
Prlnt  O®te  i   oip/a#?8o3

----- Ii .--------------  PROTECT I VE  H£ASURES   AND  TREATMENTS  -----------------------.

use   of   an   impervious   apron   1=   recommended.
ule  g®ncral   v.ntHation  ]nd  uB.   local   exhaust.   wh.re  pogslbl.,    ln  conf lned  or
®nc`osed   spaces.

Wear   chonlc.I   goggl.a   and   fac.  ehleld.
The  ute  of   neopr.ne  glov..   is  reconm.nded,
In  c..e  of   contact  wlth  .y.S,   rln.e   imedlately  with  plenty  of  water  and  ..ek
medical   ]dviee,

lm.dlet.ly  tak.  off   all   contamlnat.d  clothing.
If   th.  materl.I   lt   .w&`lowed,   get   lmedl.te  medical   attentiori  or   advice  --
Giv.  Sev.ral   gI.8.es   of  water  or  mHk.

It   gal/fume/vapor/duSt/ml5t   from  the  mat®rlal    is   inhaled.   renove   the   affected
p.I.on   lmmedi&t.`y   to   fresh   air.

For   skin   contact   f luah  with   large  amounts   of   water.
Wagh   thoroughly   after   h.®ndllnc,

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

lf   the   Product   i&   ln!e&t.d.   prob&bl.  lnucosal   den.ge  may   contraindlcate   the  tJs6
of   gaatrl¢   t&v&ge.     Tr.at   th.  affected   person  aoproprlately.

------.----------------  SP I LLs i  LEAKS  ^N0  D I SPOSAl ----- n ------.--.----- ==:

Elfmin.t.  all   .ourc.I   of   lgnitlon  or   fl&mm&ble6   that  may   con.   lnto   cor`tact        .
wlth  .  .pHl   of   thl3  mat.rlal.

Avoid  .kin   cant.ct   ind   lnhalatlon  cif  vapors   durlng  dilpoi.I   of   SpHIS.
OIipo.a  of  watt.  mat.rlil   ]ccordlng  to  Loc&l,   Stet.,   and   Fed.I.I
Envlronm.nt]l   a.gulatlone.

In   c.8®   of   larg.   .piH®,   foHow  all   facHlty   En.rg.ncy  Raipon9e   Procedure8.

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

Thil   i.  .n  .cldlc  mlt.rlal.

I .------ |i .------  u.   s.   oEPARTAEirT  aF  i'RANspORTATI ON   iNFORHATi oN  -.-.-.--- I ---- Ii=

Shlppinq   f`ame:    B^Tl-ERY   FLUID,    ACID       uN:    27SC
Ha:ard   Clasgi   Corrollv.  matarlal                  Ha:ard   Label!   Corrosive

The  chonlcal   nlmc(i)   .ppeartng  below.under   `'NME"  must   .ppear   &e   part   of
Shipplno   ri.me   lF   the   aiTtount   being   Chipped   in   each   cohtalner   exc.ed§   the
quantity  .horn  under   "RQ''   below.     The   l®tter5   "RQ"  must  ®`.a  app.ir  as.p.rt
of   the   Shipplnq   name,    ln   th.   form!

•hlpp:ng   name.    ch®mlcal    home,    RQ.
for   u.S.      shlpm.nts   fran  Ford   Facillties,   consult   the  '`Ford

Haz]rdou.  A.terial   Tranlportation  Caritrol   Program'`  ^Inual.   oth.rwis.
coniult   49CFR172.
------ CAS--RQ (lbs)  -NME ------ i ------.-............... ~ .......................

7664-93-9         2777         SuLfuRIC   ACID

FORD   MOTOP   COMPAN`Y
r`EAE)P^PN   Ml   48121
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MSOS
(CONTINUEDl

P.a

Tax   no.    :    042840 a     prir\t  D`te  t   oE|®o82e/9£

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

H.alth   and   safety   Information   h&e   been   evaluated   by!

Environmental   1   Occupational   Toxicoloqy,      Occupat!onal   Health   6   Sat.ty,
ford  Motor   Company
goo   Parklan.  Towers   W.st.   D.arborn.   Hl      48126        ..

For   .margency  can:       (313)    337-3182   -or-(313)    323-a045   (for   24   hour   €.rvi¢e)

This   i®   tli.   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   Ml   48121
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AVOCO   REGULAF{   LEAJ]

MSDS   NO:       02003992

QUG   21    '9114:10   CHGO   DIST    INFO_MGT   OFC_CENCC-IM

MATERIAL   SAFETY                                                                       AVOCO   REGULAR   LEAD-FREE   GASOLINE

P.9

M^J`tuF^CTURER/SUPPLIER:
haoco  oil  Codipany

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

EMERGENCY   HEAl."   INPORATION:       (BOO)   447-873S
ERERGENCY   SPILL   IRTORATION:       (800)    424-9300

CH"REC,   U.S.A.
OTRER  pRoz)UCT   gAIETT   IrmoRATloN:      (312)   856-3907

IMPORTANT  COMF]ORERTS:      Gdsollne   (C^S   8006-61-9)   ^CGIH  TLV   goo   ppn,   STEL   500   Ppdl;
O§IA  PEL   300  ppn,   STEL   §00  ppa.

!§:i::::§A#ie§:::3i:ir^±::!O:i:;::1::"smpELippn
WENI NG  STAT"EN"    E::a::ie::t5:::!Xe::r8:::: in:::ha::P::u::::eE:=:i:A: fc&ng8:::::a

and/or  asplrated  into  lungs.  C.n  produce  skin  lrrltation  on
Prolc}nged  or  repeated  contact.   Use  eg  zBotor  fuel  only.   Long-tern
exposure  ta  vapors  has  caused  cancer  ln  laboratory  animals.

"IS/NrpA  CODES: (HEELTH;1) (FL"ABILIT¥; 3) (REACTIVITT;0) ,   Cnronlc  h.alth  hazard

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

iiRALTH  mzARD   INFORm]Io«

EFFECT :

FIrsT  ^zD:

PROTECTION!

EFFECT :

rlRst  AID:

EYE

Hlgh  concentrations  of  vapor/niet  Day  caus.  eye  dl&coufbrt.

;:::|g::::  with  pl8r,ty  of  Vat.r.    Get  aedical  attention  if  irritation

Non.  I.quired;   however,  use  of  eye  protection  18  good. induatrlel  practice.

.SKIN

::37::9::I::t[:?::ted  Contact  Can  defat  th.  .kin  and  lead  to  |rr|tation

i;:::ii§§a§!ai!;:::i:i::::i:i::a:i:::.an:i:;.b:?::=i::::?C:::hi:gi«i
PROTECTION:    §¥:t:apt:1::8!8n::dr::a::::a::inc::::::tis  ¥:£:]!?Otective  Clothing  and

EFFECT :

INHAIIATION

Vapour  harmful.     High  vapor  concentrations   can  cause  headaches,   dlzzineas,
drovsine88   and  nausea.     See  To3cicaloqy  S®Ctien.

FIRST  AID:        If  adverse  effects  occur,   remove  to  uncontcolndted  area.     Give  art!f lcial
respiration  lf  not  breathing.     Get  n®dical  attention.

PROTECTION:     U§c  with   adequate  ventilation.     Avoid  breathing  Vapor   and/or  mist.      1€
ventilation   is   inadequate,   use  NIOSH/rsm  certified  respirator  Which  vlll
protect  against  organic  vapor/mist.
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•"OCCPUG   21    '9114: 10-Cic.a.5I-ST-..I-N.C-O_MGT   OFC_CENCC-IM

MSOS   NO:       02003992

PAGE   02   0F   05

HEAI,TH   HAZAro   INFORMATION   -   CONTINUED

P.10

{NGESTION

EFFECT:               Low  viscosity  product.     tlarmful  or   fatal   if  asplrated   into   lungs.

FIRST  AID:        lf   swallowed,   do  NOT   induce  vomi'ting.     Get   inn.diate  medical   attention.

FIRE   AND   ExpLOsloN   ]NroRMATION

FL^SHPOINT :                 -4 50F

FLAi04ABL&   LIMiTs:      uepaR:      7.6*     LowER:      1.3S

AUTO]GNITION  TFTERATURE:                    4950F

EXTINGulsHING  MEDIA!     Agents   approv.d   for  Cla89   8  hazards   (..g.,   dry  chemical,   carbon
dioxide,   halogenBted  agents,   foam,   st®an)   of  voter   fog.

UNUSU^Ii   rlRI  AND  EXPLOSION  HAZAsOS:     Extrem.ly   flarmable  vaper/air  ni*ture8   form.
.Extlngulghnent  of   f ire  before  source  cif  vapor   ls  shut  off  can  create  an
explosive  mixture   ln  air.

PRECAVTIONS:    £::g  :::¥a{:#  :i:i:i?A  5::r:::h(:i:6dat:aS:n€!::::a:?d  Open  fLane8).

REACTIVITY   INIOR}1ATION

DANGEROUS  REACTIONS!     Avoid  chlarlne,   fluorlne  and  oth.r  Strong  oxldizers.

!IAZARDOUS  DECOHPOS[?Iol!:      Burr,ing   can  produce   carbon  monoxide  end/ar  carbon  dioxide
.        and  other  harmful  products.

STABILITY:      Burning   can  be   Started  easily.

CREMICAL   AND   PHYSICAL   PROPERT(ES

BOILlh-G   PO{NT$                        80®F   TO                  430®F,    Range

SOLUBILITY   ]N  WATER:      Negllgibl®,   b.low   a.IS.

SPECIFIC   GRAVITY   (WATER   a   i):                     0.75

VAPOR  PRESSURE!      7-151b   RVP   (A8"  D-323)

VAPOR  DENSITY   (AIR.   i):                   3   TO              4
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sTORAGa   AND   ENvlRO"ENTAL   PROTECTION

STORAGE  REQUIREMEh.TS:      Store   in   flammable   llqulds   stordg®   area.      Ko.p   cantain®r   closed.
Store  away  from  h.at,   ignltlon  sourc®5,   and  open   fl8ne   in
accordance  with  applicabl®  federal,   State,   or  local  regulations.

SplliLS  AND  I.EAJ{S:     Remove  or   shut  off   all  .ource4   of   ignition.     Use  voter  Spray  to

!i:::5::tv:!::: ia|`?::;::cs:£3: 1:::i::i , ;£±!::8:::; ;.  C£::;1:u:no?A
Severs  and  watenray8.

WASTE  D)SPOSAI.:     Re$1due6  and  splll®d  material  .re  h&2ardous  v8ste  duo  to   ignitablllty.
0{)PoS&l  nest  be  ln  accordaAc®  vith  applicable  f.deral,   state,  or

ulations.     Enclo4ed-controll-.a  lnclneration  1g  reco"¢ndedlocal  re
uA|®SS   di rected  oth.rvi..  by  appllc&blo  ordinances

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

TOXICOLOGICAL   INFO"ATION

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

SKIN!     Primary  dernal   lrrltation  Score  I.i/8.a   (rabbits).     Acute  dernal  LD50  greater
than  5nl/kg   (rabblt8).     Practically  nonto*ic  for  acute  .xpo®ufe8  by  thi6  route.

INHALATION:      Acut®   LC50   20.7mg/1   (rats).

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

Excessive   expo.ure  to  vaparg  may  produce  h.adache8,   dlzzin.ss,   nausea,   drowsi-
ness,   irritation  of  eyes,   nose  and  tbroat  and  c.ntral  nervous  system
depre881or].

;¥;i::::i:!i;v¥;¥¥;:;:i;;::*::;:;::;::!!::;::;::!!:#;i:i::i:;;:;:he
quest lonable .

Inhalation  of  vhol®  unlcaded  gasoline  vapors  did  not  prc>duce  birth  defects   in
laber&tor}i  animals.

Gasoline   ls  a  conpl®x  nlxture   of  hydrocarben8  and  coritein€   ben2en®   (up  to  4

:::#:h:LA  ::1::3:ea::n:::a?::uk:£i:?;:ne£P;:::eai3  :!E:rL::S::8:fbi::ae:;i:::3
(anenla).     a.nzene   is   conaldered  a  human  carcinogen  by   IARC,   NIP  and  OSHA.

::::i::::;:h:;!::i:n::i:::::;::;;l:!#:i:;:i:i:io::ioi;:;l!!!:¥:#::a-
Aspiratlon  of  thl8  product   into  the  lungs   can  couSe  chenlcal  pneumonia  and  can
be   fatal.     Aspiration   into  the   lungs  can  occur  whil.  vomiting   after   ingestion
of  this  product.



I
I
I
I
I
I
I
I
I
I
I
I
I
I.

I
I
I
I
I

"OcciuG   21    '9114:12  CHGO   bl.ST   INFO_MGT   OFC_CENCC-Ill
MSD=    NO:        02003992

PAGE   04   0F   05

REGul.ATORY   INFORMATION

r.1c

CBRCLA   REPORTAELE   QU"TITY!
This   product   is  exempt   from  the  CERCLA  reporting  requir.n.nt8   under   40   CFR
Part   302.4.     How.v.r,    i€   Spllled   into  Waters  of  the  United  States,   it  may
be  reportable  under  40   CFR  Part   153   if   lt  praduc.a  a  Sheen.

DOT   PROPER  SHIPPING  N"E!      Gasoline,   Flannabl®   Liquid,   uN1203.        .

OsrA HAZAto  CormNICA"Ow  STAroARE :    ::#£b!§n!i#?:  ::i:!i§;:i::S:#:!¥#:::a:;ts

RCRA   §TATUS!

:i:;og::a::tc::t:?£jE::a::a::ev:!t::Rb::::s:6!:3:a:::€n!a:h:n£:i:oving
Substance ( a ) i

cOMpONENI/cas   NUMBER-------------------------- 11 - ,I, - I, - - ® ,----------------
Ethylben2ene   (loo-41-4)
Toluene .  ( 108-88-3 )
Xylene   (1330-20-7)

.SARI   STATUS!

3§£agi5:?u:;ii:sr:!u::i:€s::a:; #: :::i:::nza;®§:i::i:}t#L:A# I:::em{i:a i;
the   infarmatlon  given  belov!

SECTIONS   311   AIID   312   0F   §ARA   END   40   CFR   FART   370!
This  product   is  de[1ned  a8  hazardous  by  osm  urlder  29  CFR  Pert  l910.1200(a).

SECTION   313   0F   SARA   AND   40   CFR   PART   372:
This  product  contains. the   following  substances,   which  are  on  the  Toxic  Chenlcals
List   in  40  CFR  Part   372:

cOMpONENT/cAs   NUMBER                                                                                         wet caIT   PERCENT------------- ~ -,---------------------------, I, , ~ I ----------,,-----
Benzene   (7l-¢3-2)        .
Ethylbenzene   (loo-41-4 )
TOLuene   (LOB-88-3)
Cyclc>hexane   (Ilo-82-7)
Xylene   (1330-20-7)
MTEE    (1634-04-4)

TSCA  STATUS!     All  of  tbe  components  of  thl8  product  ar.listed  on  the  T§CA.Inventory.

s.u.p!LEMENTAL   INpORMA.rloN

Gasoline   ig  a  complex  nlxture  of  hydrocarbons.     ]ha8®  @ajor  coDPonentg  having
OCCupatiof`al  .xposur.  limits  are:

Butane   (CAS   106-97-8)   ACGIH  TLV   800   ppn;   Osm  EEL  80a   ppn.

Cyclohexane   (GAS  ilo-82-7)   ACGIF.  TLV   300   ppn;   OSH^  Pal   300   ppm.

Ethylbenzane   (GAS   loo-41-4)   ACGIH  TLV   loo   ppm,   STEL   125   ppm;
OSHA   PEL   loo   ppn,   STEL   125   ppm.
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SUPPLEMENTAL   INFORMATION   ~   CONTI"ED

P.13

n-rlptane   (CAS   142-82-5)   ACGIH  TLV   too   ppm,   STEL   500   ppm;
Osm   PEL   too   ppn,   STEL   500   ppm.

n-Hexane   (GAS   110-54-3)   ACG]H  TLV   50   ppm;   Osm  EEL   50   ppm.

P.ntan.   (CA5109-66-0)   ACGIH  TLV   600  ppn,   8TEL   750  ppm;
OSHA  Pal   GOO  par,   gTEl.   750   ppn.

Toluerie   (CAS   loo-88-3)   ACGIH  TLV  loo  ppn,   STEI-150  ppn;
OSRA  PBL  loo  ppm,   gTEL  150   ppn.

Trim.thyl  b.n2ene   (CA8  2§S51-13-7)   Aca"  TLV  25  ppr;   O§tIA  Pal  25  ppm.

Xylene   (CAS   1330-20-7)   ACGIH   TLV   100   Ppn,   STfl.LEO   PFIA;
OSHA  PEL   loo  ppn,   STEL   150   ppm.

IssuE   INFom4ATION

8Y:

7e Gf:-
A.   G.   Farm.r,   Director,
Product  Sat .ty  a  Toxicology

18Sum!     June   09,   1989
SUPERSEoess     March   18,   1988

This  nateriol  Sefety  data  4heet  al`d  the   iAforzpatiot}  it  ¢ontaLns.  ig  offered  to  you   ln

3£::hf::t:e:: i:::u;:£. So#:c::V:u::Yi:V::rd::D;:£;ra£!°£c:::S: i:a:t i?A±:#a€:::  i:e£:

;;;i:!!!;;: ::,:!!a:i::::!!::::_i:i::;i:i:t:5:;:i!::::¥!i!!g!:#3:£u::`!:;a|y and

:§e::::i:::i§a::i{::i:#:::g!:lil:#:§e::::;:§¥;£::::i;:i§:ei§e:i::,::,!#:p:§i;::s
or   ixpli®d.
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u.s.  oEPAF]TMENT OF LABcm
Occupatloml €.lety and-H®.llh Admlnl8lr,allan ..

•MAT-EFtlAL'S'AFE-T,Y.'DATA.rsHEE,T.......-`._.L!,

^  , ..

. .,SECTION. I

fton  Oh®nlc&l  Co,-,'-
Iidou,t  St 11.   60

•1.a    .,\        .       .      .1.`.`              .....
WindBh

Ow„^
Mlxttlre

. a;, ,        .        .,.  8E.cTloN  II..HAZAF]DouS.INaREOIENTS  .
P^i.iTe, pnESEAv^trve9. . eoivENT£ 1 |V'Unl'g) ^iiot8 "0 w€tALilc cO^TiNag * TIV(Unl'|l

roL.ENT9 t,/A AJI Wn^| h,/A
'     a,TA+Yet

N/A ^LIO,3 N/A
a-C

N/A
w.Tkire Co^ln.cS N/A\

mvtNT8
N/A

'||EA Wfl^|
N/Anus coATmo oa cc)F`€ Flux

^OO,',ve4                                                                               .    .  . •N/A . .otH,|t.......
fy/A

a '"1'®      .
r'/A

+I^zMcouewixTUFiEe ol o"[A iiouio®,eoilos, OA a^sE3    .    . * |V~n'',I

1,,,,__-

H.thrl.Alaohol                    I                                                .    ¢                     ...`.     ..          ..`       `. 38 eoop

Nonv.1ohenol  gurfaotdnt               C^S  #    6erl2-giv4 001
_,I

rrTichenvlmethane       C^9  #  2650Li8-2              EP^  TSC^  List-Yeg Tr,
'          '1      I,I„

SECTION  III     PHYSICAL  DATA
•O.iwo.OINT rf.I                                                 .  L'         +`. •tli^         .``.  ...-. •p€ci.Ic OA^viTy iwri i, i    .      .    .     ,     ` •g51"  '
v^ro. n..on. I- w. I

N/A
MA¢!W. Vol+7L ( »/AVO||"( '^1

'I~. Ot''.,'Y ,^tn , ,                         .        .. . ..    ' .
N/A....

tv^roA^,'O|''|^,(
N./A.'                                                 _,''

•oiu.a.iTt " w^TtA
',   ,       i       i

\

^p.E^A^tlc( Ano Ooof`
i      i    .  `.    -       .

SECTION  IV     FIBE  AND  EXPLOSION  HAZAFlo  DATA                              .    _.  '__._
L„HrowTiw~v..a        I.a.a.112  F l^w.,A.`'`",'S   `.    `    . I            ld     .       I             u,,

tlTmaui.HmawEol^   in  chonia&|,coo  or  Alcohol  fo

•.!ci^Hi"noH"a"facfpr5..If.aotttrlnea..troa+hin±

•.I...,.._-

.                .,,        ,

UHueyiLD.a.I"#'X%}°roH¥^tEL  .ir  and  nay  ti.'+el

aonBld.mbl.  dlgthnco  to  Ln  lgnltlorl  so a,

PACE  (1)                                                                          (Contlnu.d on  rev®"a  lld;)



till:.     =i       ...ii      ij:::     I:t(I..I:,     I,i_-i       lr{i   i=I+.I..-I      I.'r   l_I.Ll(I.I_-ii

•.,,,,.,.

:   `                                              SECTION  vll     SPILL  OF]  lEAK  F]ROCEDuf]ES

"£ii'o°.e€ |^®*#|'n..£9F.o`:A+eti^|hseriL'|'n'°£'6i'|LL}nent|I.aLt®d  &r.a. /   .|1|1n.te  lgnltlon  .oust...

^Vou.irm-off  into  8lorm  eever8  .T]d  dltohee  trhLch  load  to  riatuz-i  vat®m.yf)

W«l(  t}l€P06^l Ll€1L.OO

In`c.n.fatlon,  -blologlcal   treat,mant. of  dlli]le  Eolutior`.      I   . 't

sEc`i.ioN  yili     spEci^L pnoTEci.ION  INFonMATloN
•|s.mAto.y t.Oi!ci®tt I.tp.Oify +..i                                                                        I

V€'',M.A,'ON
.w'.h°€A".:'b^b'£'ooriato   to  control  cmploye®  exp

•1rtcl^,          .eure ,
ulc''^'''C^|'C,®,,,'' 0',,11    :      .

•nc) i (c i ivfi  a`cive. €'df:#%'iT Bafet±_ f[oE:£l"egg=£]iLor=lAbhezLg
o.H.a rnoltcli.. tou'rutw,

sECT!ON  ix    spEc!AL pnECAUTIONs.I.-..._`--
m!c^utroii8 to.[ t^I!W w til.ioiwa ^tio.lon"a                                                                                                                                                    '.,,

Caniiot  be  iTi.de  nob-polaonoug.
07Wtll.®CC^u7.O.l€                                                                                                                                                                                    .   '              ` '

-....                                                .         .        ,              :i.                ,`         :``          `'`'

FACE  t2)                                                                                                                                            .H®yha8d i-g-9o
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PBOPERTIES At``:' SPECIFICATIONS

EXCELLENT FOR  "MINI-HOLES"
AND VEETICAL STACKING

Triese  non-nitroglycerin  emiilsion  prodiJC:s  are  packaged  in  corive.lie
one-pound,   one.half,   c>rie-third.   arlcl  one-quar..er  pound  cartridges  3i
formulated  to  prc>vic!e  a  seismic  PIJlse  eQua`  to  cynamite  for  clear.  she
seismic records.

Al:hough  classified  as  high  explosive,  seispFIIME/E  emulsions  are  nc)
headache  ar`d  have excellent  resistance to  accider,:al  cletonation  by friction
irr.pact.

Spiral.wound  1.'4  to  lj'2.pound  paper  cartriQges  are-easily  caoped  a,
waxed to Sleep well.

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

Weight

Slze
S,yle
Density (gin/cc)

One Pounci     1/2 Pciund   1¢ Pound   1/4 Pounc]
21t'4x81t'211;'2x811/8x8            1x8

Velocity  (fps)  ('.ncor`finecl)             16.500

DE3!or`ation  pressure                              100

(kilobars/
Absolute  Bulk  strength                     685

(col,cc`,
F3e!a{ive  Bulk s{rengtri                         120

(ANFO=100`,

S;IN                S;IN                SIN
1.15                       1.15                      1.15

16,000           15.00C)           14,500

100                 loo                loo

775               T75               775

ies               .i05               i05

PACKAGING
Available  in  four  sizes  to  meet  vertical  stacking  a

-mini-hole'' applications. seispF3lME/E in the one-pou

size   is   packaged   in  thin-walled,   easy  coupli
cartriciges  (or  vertjcai  s{acking  or  larger  downh(
shots`

ln  the   1/2  tc>   1f'4-pctund   Sizes,  seispRIME,'.:

packagec§ in spira!-wound oaper cartricjgeg.
All  s.Lzes have exce}lem vi'a{e.' resistance and can

initiated with a #8 strength STAT!CMAST=B aetonat(

57H7lJCAffl5FEF=€`  =iectri:. [Istena{o,rotor Seismic :`^'p!oratioi-:
l)ESIGNED  FOB  SEISMIC  WOBK  -  Exclusive  Atlas  eiec:ric  rr.atch  provides  re!ia

c]etonat{on  with  minimum  lag  time  and  scatter,  Full  #8  strength  explosive  output tc  h
insure initiation of the seismic charge,  even  under severe cc)nc]iiions.

UNEXCELLED  PEBFOBMANCE  -Bigid  s:atjstical  quality control  tests are perfom
on  all  components  and  on  the  comple!ec]  detonator  to  assure  reliable  arld  cclnsis:
performance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsulation  provi(
additic)nai protection against snorting of legwires under extreme conditions.

WATEB  AND  WEATHEB.PBC)OF  .   Legwire  insulatic]n  is  designed  to  withs{€
extremes of heat anci cctlc]  and the  severe  cctnc!itions encountered. jn deep-hole  loadj
All  cletonators  contain  a  double-crimped  rub.Der  plug  to  provide  a  water-tl.ght  s€
Excellent firing character.is(ics permit use  in single-hole or multiple-hole pattern shootil

PROPERTIES AND SPECIFICATIONS
•  Detonator strength . £8
•  Functioning tirTle scatter . Less than 0.001  second; even

lower as (irin§  c'.rren{ is increased
•  F.e:ommendec: firing current -3 to  i.0 amps  DC. 4 to  10

an`os AC
•  V\la..Ler immersiol depth  (max. tested) - 500 fee.L
•  Bridg3\`'ire resistance . 0.9 C)hms
•   bet.cjnator  snej;  -  Gjlc}ing  metal

REDucED sENsmviTv
TO EXTRANEOUS ELECTPICITY

;`  s3ec;a.   bricgewire  anc!  the  SF  feature  in  the  electric  match
oro`':a5  rec]ucec  Str::,lti\'I{y  {O  Stattc  electriclty.

OPERATING AIDS
With  recommended  firing  currents.  STATICMAST:I  elec

c]etonators meet all  requirements for senes firing.
WAFINING  -  Do  riot  use  STATICMASTEB  electric  detonators
tlie same circuit with other types cir brands of electric detonator!

PACKAGING
STATICMASTEB  electric  detona`ors  Come  with  spool

dliplex  copper  lead  wires  (yellc>w  ccilor)  in  lengths  of  40'.  60..  €
loo..120',150',160`.  200',  250',  300',  ancl  400`:  anc]  in  shor
legwire  lengths  (folded  duplex  w:res,  yellc>w)  measijring  12',  :
and 24`.
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HAZ   ARI}   0   U   S         CH   EM   I   CAL      MATER   I   AL      S   A   F   E   TY      DATA      S   H   EET

ArlAs  porm£R  cormAN¥
15301   I)ALIAS   PARKWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

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

3.     IceDlcAL  "ERCENCT  TELEPEouE  IiuMBERs:

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

4.      TEE  RATERIALS  DESCRIBED   IN  HIS  I)ATA  SHEH  ARE:

RAZARDOUS   CHEMICAL   INGREDIENTS

5.      cHE{ICAL  AND   cormoN  itAME(s)   OF  EAZAREOcs   cEFMlcAL  MlxTURE/INGREDIENTs:

ApexiAll  Grades,   RXL  614,   RXL  6ls,   PowerAN-All  Grades,   Bulk  Emulsioris-All  Grades

Majc]r  Hazardous  Irigredlea[s  Include:
Armotiiun  Nitrate
Diesel  Oil  (Ia  Some  Formulas)

TSCA                         GAS                              RTECS
LISTED                      NO.                                  NO.

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

Note:     See  MSDS  for  Amoniun  Nitrate  Plus  Fuel  Oil

6.      PT.aysICAL  AroLro  cEnllcAI,  CHARACTERISTICS:
Vapor       Flash    }!elting    Boiling     Speei£1c

Pressure    Peinc    Point°c    point° C     G=avitv
tto i ,
Wc.         Odor

inonlufl  Nitrate            0                 d              155              190              1. 725          83         None
Diesel  oil                       Dd               nd                  nd       147.371          0.87            nd     Pungeat
Hixtu=e                                 Neg.           nd                    nd             1251.1   to   I.3     NA          Not`e

Aopearance

White  Solic
Broun  .i.iq¥:
Th±Ee   Greet

nd  =  No  Data           d  =  Dissociates       na  a    Not  Applicable
7.      pEryslcAL  HAZARDs:

Amaniun Nitrate  -DOT:     Oxldizer
Mixture    DOT  Explosive,   Blasting  Agent

8.     HEAL"  IIAZARDS:
.-`     .    .    I

Carcinogen
Corrosive
Highly  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef i eccs

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

10.      PE"ISSIBLE  EXPOSURE  I.IHITS:         No  Data

Diesel  oil:     Flamable

------ LJ--i-I   -

Ref :   Reglscr:`.  of  Toxic  Effeets
of   Chemical   Subst:arlces   (RTECS)

N  =     No  C:iceria  Match
1.  I    Poslclve  Criteria  Match

per  RI£CS
nd   I     No   Data
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11.      LISTINCS:

urERIAL

Emulsiot\s/A.\'FO   5ler.ds
Page   2

NIP  ANN{JAI,   REPORT                   IARC                              0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARCINOGEN

12.      GENERALLY  Appl.ICABLE   pRECAUTIONs   FOR   SAFE  HAmLING  AND   USE:

ErrclELc  pRACTlcEs :

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROTECTlvE  mAsuREs  I>uRINc  REPAIR  AND  RAINrmANCE  OF  cONTAmNATm  EQulpENT;

Use  Boa  sparking  tools,  avoid  open  flame,  wear  nomal  safety  equipment,
Such  as  gafecy  glasses  and  hard  hat.

PROCEDtJRES   FOR  CI,EANUP   OF   SPILLS   AI®  LEAKS:

Bulk  Product:     Isolate  and  contain  spilled  "aceri41.   Contact  Distributor
or  A€las  Powder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  `'ith  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Center   (800-424-8802)   and  the  local  Police.

13.      CoNTROL  lnAsuRES:

ENCINEmlNC:            Follow  BATE  standards   for   stc)rage   (27   CFR   151   Subpart   3)
Except   for  Bulk  products,   see  "Do's   and  Don'cs  -Instructions  and

Wamlngs"  -found  in  every  shipping  case.
See  lnstittice  oI-Makers  of  Explosives  Publicat:ions.

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

Warnings"  -  £outid  in  every  shippitig  case.
See  Insclcuce  of  rrakers  ci£  Explosives  Publicatiotis.

PERSONAL  PROTECTIVE   EQUIPMENT:

Avoid  toxic  fumes  from  blascin8,  wear  normal  protective  equipaenc,
such  as  Safecy  glasses.  hard  hats.   eta.

14.      RERCEh'CY  AND  FIRST  AII)   PROCEDURES:

Do  not  attenpc  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  funes  from  fires.
h  ca,se  of  skirl  contact,  tJash  affect:ed  area  `.ith  water.     Eye  contact  -
flush  eyes  for  at  least  15  ainu:es  and  consult  a  Physician.

15.     DISCLAIRER:         The  above  lnformtion  taken  from  various  published  and  uripublished
sclurces   is  believed  to  be  accurate  and  reF`=esents   the  best
infori:ration  currently  av=ilable  to  us.     Houever,   we  a}ake  rio  uarrar\c}.
of   the  accuracy  o=.   such   informacion,   express  or  implied,   and  assut]e
no  liability  resulting  froa  lcs  use.     Users  should  make  their  oun

#:=:CS82:i:3£a:°p8:;:::i?e  the  Suitability  cJf  the  inf orm€:ion  for
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Soc.    o£   Explor.   Ge?.physic
c/a   Ks.   Geologl.cal   Survey
1930   Constant   Ave.
.Lawrence,   KS      ¢6046
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lNVOICE
iNvoroE O^TE mvocE No. P.4C,..

11/18/91 40849 1

a+IP     Fort   Bend   Co.    Delivery
TO

.?i

L-,.

``..'.:jT.YAEF]      I        SALES 5`.j3c:-jrsE
SHIP VIA SHP DATE

1/15/01 Our   Truck 11/15/81 Net    30   Days

iTEM r\io.                        I                                                                                                                          ITEM OEscF]ipTioN

a:....`h.riTu3L=r.i:S`EC` CL`.¢NTrivst-lpFE:. =T.<..NiT  i               L;tirr paicE FF2lcE IJN DISCC*iRT      !                   E)(TENDED PFllcE

50408000 80'    Sff   STATICM STER c,tR<
CUCLB•.#sALCLBCUi•,.\'i....,..,..;:'...,I,,,,,,I-I.:`,i-_,.

.._.  ,    -     ,,:..:::::ji'.I...::,_.-.1.:.`-'`•.'...`....`•I:.:I...;...:..i:i_-__fJ;g_±

97  .  986.'56-...`.-_.:i•.-...3,,14.26.T8y12,000 12.000 EACH 816.50

0812533 SEISPRIME   E   1- /8X /3
.. . ..4  -000 .t.....` ..     --.    ..         .         .4.COO.. LB -¢±.. ......  ,  .164 .  00

o.ooooo5'1`...:..,.'...-.,.:.-'..:< HAz.AriDOus ` .inTR HriDlj
•cHG

`    -.     -...    .1..000   , •.,.        .'.     .;    .1.000 I .*sAL •.I.   -'    .. .    .'.     ,.  I    3.  ;   1.4.

900000001 E.,R.C.C.-HIGH EXPLO IVES
4.000 4 . 000 LB S.506.50:....,''a..I .;.-',,`, ..+,,

900000006 I.R.C.C.    -DET NATORL.
12.000,,`,.:.1-..-.....'.  ,;......:...;,.•-.i...-.I. 12.000,`.,.•.., EACH1-

.:,.:.`i`..'\. ',1;..i    ,': ,;:(...T:.  I//.fi•-;rJJ3/4``1..`., -`..          .      .:.   -. .•~....

.-:`:.',,..?i    i.(::.
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S^LESAMourTl                                io8. 72
aacu

I MISC. CHARGEs I                                              . 0 0
s^LEs AMcun 108 . 72
MISC. CHARGES .00

FFiEiaRT .00
SALES TAX

TOTAL ®

PAYMENT REC'0
aiLi  |Lirf= r`i IE
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