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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

PROTECT DESCRIPTION

Project Name:                       High Resolution seismic Reflection survey
to Image Channels in the Bedrock Surface near
Mud Mountain Dam, Enumclaw, Washington

Location:

Site Safety Officer:

Plan Prepared By:

Enumclaw, Washington

Richard D. Miller

RIchard D. Miller

Estimated Duration of Field Work:   3 days

11.        STATEMENT OF WORK

The high resolution seismic survey will consist of a single line approximately
2000 ft long.  The proposed primary targets are the bedrock surface at between 300 and
600 ft beneath the ground surface and any acoustically significant features on or within
a sequence of lake deposit approximately 200 ft deep.  The goal is to improve the under-
standing of both the primary long path bedrock channel (Big Springs Channel) and
short path channels (unconfined channels in the lake bed sequence above bedrock and
in-filled with sands and gravels).  Proven high resolution techniques (Steeples and
NIller, 1990) will be used to acquire data on this survey.  Any production data will be
acquired in a standard CDP format (Mayne, 1962) using roll-along acquisition tech-
niques similar to conventional petroleum exploration data acquisition.  The geophone
spacing, analog filtering, seismic source, geophone type, spread geometry, sampling
interval, total samples, shots/point, and acquisition philosophy will be based on
extensive pre-production tests.

Mud Mountain Dam was originally designed in the 1930s for flood control on the
White River which heads at Carbon Glacier on the flanks of Mt. Rainier.  Springs, seeps,
and increased material saturations were observed during periods of elevated pool
levels.  King and Pierce counties have proposed to increase down stream flood plain
usage through reduced limits on water release from the dam.  This would require
elevated pool levels more frequently and the elevated levels would be sustained for
longer periods of time.  The potential of a seepage-induced failure of the reservoir rim
similar to the 1918 landslide at Masonry Pool on the Cedar River has prompted concern
for the integrity of the Mud Mountain Dam.
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The proposed 2000 ft seismic line is located along a haul road north and east of
the dam and approximately parallel to the current river channel.  The long path channel
(Big Springs) is at least 150 ft deep and represents an interglacial course of the ancestral
White River  bedrock surface (U.S. Army Corps of Engineers,1986).  The unconsoli-
dated material that overlies bedrock, as well as the topography of the bedrock surface,
has been influenced by multiple episodes of Pleistocene glaciation combined with
periodic deposition of pyroclastic mud flows originating from the present and ancestral
Mount Rainier volcanic center (Galster, unknown).  The maximum depth to bedrock
within the 350 ft wide long path channel is 550 ft as defined by U.S. Corps of Engineers
drill information.  The proposed seismic line intersects the Big Springs channel at an
oblique angle.  The primary short path channel is suggested to be within the Vashon
outwash overlying the drill confirmed 200 ft deep and 100 ft thick Vashon lake bed and
deltaic deposits.  Shallow seismic reflection should possess the necessary resolution and
penetration at this site to image the bedrock surface at 350 to 550 ft and cut and fill
features on the order of 10 ft.

The project will consist of two major phases:  testing and production.  The testing
phase will commence as soon as a mutually agreed time can be arranged between the
Kansas Geological Survey (KGS) and United States Army Corps of Engineers Seattle
District (CESD).  The testing phase will consist of about one day of walkaway tests near
the planned survey line.  The walkaway noise tests will be gathered according to com-
mon 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 CESD agree that the data quality obtained warrants continuation of the project, the
production phase will commence.

The production phase of the project will begin upon joint approval of the test
results by CESD and KGS representatives.  Acquisition of the production data will
entail about two 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.  Uphole surveys (if possible) 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 will involve two parts:  uphole survey (if possible), 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 briefing and site inspections.  The walkaway noise tests and uphole survey
should be completed within the first day, allowing selection of the optimum acquisition
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parameters and equipment for the production portion of the project based on test data
reduced to proper display format.  The entire testing phase should be completed in the
first day.

The uphole surveys will involve downhole hydrophones and the optimum
surface source for conditions.  Shots will be recorded at least 50 ft beneath the top of
water table.  The uphole information will be used to determine a true average velocity
and represent ground truth for the time to depth conversions.

The walkaway noise tests will be conducted along the proposed seismic lines and
as near to a control well as possible.  The walkaway will consist of source-to-receiver
offsets ranging from 4 ft to approximately 770 ft.  To avoid spatial aliasing of noise, the
receiver interval will be 4 ft.  The downhole 30.06 firing rod (Miller et al., 1989) and the
12 and 8 gauge auger gun (Healey et al., 1991) (both require only class C explosives and
will therefore not need permitting) as well as the sledge hammer weight drop source
will be tested to determine the optimum source for the near-surface conditions.  The
auger gun will most likely prevail at this site.  The downhole placement of sources
greatly reduces the amount of recorded ground roll and other seismic noise and all but
eliminates the higher frequency air-coupled wave prominent on weight drop
seismograms.

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

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

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

PRODUCTION PHASE

The production acquisition phase of this project will begin as soon after the
testing phase as is agreeable to both CESD and KGS.  The data should be acquired in
less than three days.  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 infor-
mation.  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 con-
ditions present during the acquisition of the test data.  The potential versus actual
horizontal resolution of the test line and planned production lines will be based on the
radius of the theoretical Fresnel zone.  Oversampling of the first Fresnel zone will not
exceed 15 times (Miller et al., 1990) while a minimum of four times will be maintained
throughout the survey (Knapp and Steeples,1986).

The results of the walkaway noise tests will be used to determine specific
optimum parameters used to record the CDP lines.  Parameters such as sampling
interval, record length, and analog filtering will be determined after careful examination
of the dominant frequency and usable bandwidth of reflection energy recorded during
the walkaway noise tests.  The sampling interval will be chosen to ensure at least 10
samples/wavelength of the dominant reflection energy.  The total number of samples
will be chosen based on maximum time (depth) of interest as determined by both the
sampling interval and the uphole surveys.  The analog low-cut filtering will be deter-
mined based on qualitative evaluation of the recorded reflection energy using the
various low cut filters.  The analog low-cut as well as high-cut filters will balance the
spectruln toward the higher frequency while maintaining the largest possible band-
width (Steeples, 1990).  If deemed necessary, spectral analysis of the walkaway data will
be done to determine the spectral characteristics of the recorded information.  Once the
seismograph's variable settings are selected, the settings will not change for the dura-
tion 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
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parameters chosen to record the CDP lines will incoaporate the results of both the
walkaway noise tests and the uphole surveys.

The data will be acquired using a standard CDP roll-along technique which will
result in a nominal 24-fold CDP stack.  The geophone station interval will be confirmed
by computations and qualitative judgments made from data acquired during the testing
phase.  The most probable geophone spacing is 8 ft, which will result in a 4 ft horizontal
subsurface sample interval.  The data will probably be acquired using a split-spread
source/receiver geometry to enhance dip control and increase the redundancy of close
offset traces.  The source-to-nearest receiver will probably be on the order of 50 ft with a
maximum source-to-receiver offset of approximately 250 ft.  Modification to the source/
receiver geometries and offsets may be necessary after analysis of the data acquired
during the testing phase.

The equipment used to acquire the production lines will be based on the results
of the individual walkaway tests performed at each of the proposed line locations
during the testing phase of the survey.  The data will be acquired on a 48-channel, 15-bit
Geometrics 2401x seismograph.  Provided sufficient energy can be generated, the 12~
gauge auger gun will be the preferred seismic source for the production lines.  How-
ever, the 8-gauge auger gun, 20 1b sledge hammer, and 30.06 downhole firing rod will
be available if conditions require their use.  The triple L-28E 40 Hz geophones with
variable damping capability will be the preferred choice for the receivers on the produc-
tion line.  If the 40 Hz geophones prove incapable of producing acceptable signal-to-
noise and clean high frequency signal, the single L-40A loo 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 of
each geophone or group of geophones.  The continuity and leakage of each active
station will be monitored prior to each shot.  The system will be subject to a series of
pre-acquisition tests designed to insure the integrity of analog filters, consistency in
system noise, and precision in digitally stored data.  Visual analysis of general signal-to-
noise ratio, environmental noise, DC bias, and variations in the optimum recording
window will be performed on at least every fifth field plot.

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

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

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

REFERENCES
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Ill. RESPONSIBILITIES

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

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

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

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

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

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

IV.      SAFETY PERSONNEL

Safety Per8ormel and Emergeney.£Qntacts

1.        Rick Miller urGSLsite safrty officer

2.        Joe Anderson (KGS)coperations

3.         Bill Hancock (US Army corps of Engineers, Seattle District [CESD])-
Delegated Representative and Site Consultant

4.        David Laflen q(GSLLine chief

Mud Mountain Dam, Enumclaw, WA Page 7 August 1994
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRINn                              ComDanv Siquture

Mud Mountain Dam, Enumclaw, WA

Site Safety Officer
Page 8 August 1994



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

Safetv Meeting at Survev Site Date:
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Si)ecific Safetv Requirements

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

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

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

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

All will be required to comply with 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 Safety Rules required by KGS for all staff and
subcontractors in all operations.

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

7.         For your protection, obey all warning signs such as "Keep out,"'No smoking,"
"Eye Protection Required," and "Authorized Personnel 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 equlpment or procedures required to do yourjob,
ask your Supervisor, Department Head, Site Safety Officer, or the Survey Health
and Safrty Officer.

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

Mud Mountain Dam, Enumclaw, WA Page  1 1 August 1994
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V.        EMERG ENCY INFORMATION

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Aiaport:

Explosives Unit:

State Environmental Agency:

Client:

EmerEencv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

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

Hospital:

Mud Mountain Dam, Enumclaw, WA Page 12 August 1994
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Procedures

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

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

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

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

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

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 effective seal for
most of the air-blast from the muzzle and prevents ricochet of rocks and bullet
fragments at the earth's surface.  The barrel is firmly bolted to a steel plate that is 1/4 to
1/2 inch thick,12 inches wide, and 38 inches long.  Two crew members stand on the
plate to hold the gun in the ground when the gun is fired.  The seal of the air-blast is
good enough that a casual observer located 100 meters from the shot would not
necessarily notice the noise.

On some projects, the gun is fired above the earth's surface vertically downward
through an air-blast and shrapnel contairment 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.

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

C.        Work Item:  Traffic control

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

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

VII.     SAFETY ANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

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

IX.       HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

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

X.         REFERENCES

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

From the United States Department of Energy:
DOE Order 5480.16, F!.re"'77`zs S¢fty.
DOE Report DOE/EV/o6194-3, Do£ £xpJos£.t7cs S¢fety Mcz7tw¢J.
ID Appendix 0550, Sf¢7td¢rd aper¢f€o7c¢Z S¢fty Rcq#€.re77'!c7'its, Part Ill, 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, Safety Policies and Procedures for Firing Ammunition for Training, Target

Practice, and Combat

We, as members or visitors of the Seismic Reflection Survey conducted by the Kansas
Geological Survey on contract with United States Army Corps of Engineers Seattle
District, have read the previous accident prevention plan and understand its content in
whole.

Nane /PRNI\ ComDanv Sienature

Mud Mountain Dam, Enumclaw, WA Page  17 August 1994



r-r-r-TI1-T_|-----1111----



i+IT----------------







1`.

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

mAINING OUTLINE FOR USE oF SEISNIC GUNS
"GOOD GUN SENSE"

I         Handling (always assume loaded and ready to fire)

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

1.         In field:
Always point down or away from populaLted areas
Always avoid lodging foreign material in banel
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 gums and ammo must be limited to trained personnel only
Live rounds cannot be stored closer than 5 ft from guns

8.       Cle aning

1.          Daily:

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

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

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

least 3 times a day.

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

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



Firing

Assumptions

NONE

Never Do's
Move from downhole placement with shell in chamber
Gun loaided 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 aL mis-fire to live round canisters

2



March   24,    1987

RANDATORT    SAFETT    RULES     FOR    USE    0F    TtlE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun  ls  powerful  and  must   be   securely  posiEioned  when
fired.     Danger  exists   not   otily  with  the   ballet  projectile,   bet  also  wlch   the
recoil  of  a  loose  gun.     Be  sure  that  all  n6untlng   bolts  are  tight.     Never
strike   the  gun  or   tx)1t  wl[h  a  metal  object.     1£   the  gun  is   jamming  or  §cick-
1ng,   clean  lt   thoroughly  wlch  WD-40.     Wlplng  down  cleaned  parts  will  help
avoid   the  cohesion  of  dirt   and  sand   [o   the  parts.

Operational  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   POS.itlon   to   be   fired.

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

4.     NEVER  move   the   gun  with  a  live   round   loaded.

5.     ALWAYS   remove   the   bolt   completely   fron   the  gun  for   transportation  and
storage.

6.     ALWAYS   double   check   safety   procedures.

7.      Use   cotBnon  gun   sense.

Dowhole  Mode

Be   sure   all  mounting   tx)Its   are   Ci8hc.     Do   not   force   Cl`e  gun   down  an
augered  hole.     Re-auger   the  l`ole,   if  tlecessary.     Be  sure   that   the   base  plate
rests   on   the   ground.     Hat-e   two   people   stand   on   the   place  when  firing   (flex
tr.nees   to  absorb  the   shock).

|f   the   hole   has   wate.I   ln   1[,   Seal   the   muzzle   of   Cl`e   ctry,tz`in  w.i.ch   Cape   or   a
balloon   to  keep  water   f ron  seeping   iiito   tl`e   barrel.     Avoid   th.is   sicuaEion,   i£.
possible.     Water   in   the   barrel  lnay  seriously   damage   the   sun  when   fired.
Injur}.  is  possible.

Surface  Mode

Be  sure  all  mounting   tx)lcs   are   tight.     Carefully   protect   the   breech,
trigger,   and   bolt   when  moving   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN
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opEPATioNISAFErv PluLEs AND BEGULATioNs
FOR"E

AUGEF]  GUN

J /  I  .. I I L

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   Fleaulations

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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Improved Shallow Seismic.Reflection Source: Building a Better Bulfalo

John Healer, Jce Andersen, Richard Miller. Dear. Keiswetter, Don Steeples.
arid  Brelt Bennett, Kansas Gleological Survey

SUMMARY

An improved design of the buffalo gun,
incorporating hole drilling and shooting into one
operation with almost total blast containment,

?jr&VIid|deti:eadl?t5r:fieir::atb:#:):e£:iabhee§:a£:#:
gun' is designed to optimize field efficiency, source
couple, and safety.  The auger gun consists of three
main parts:   power source, auger/screw, and
modified buffalo gun.  Amplitude spectra indicate the
anger 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 Latt/rence. Kansas.  Subtle changes in
source environment, such a§ a 15 czn gap between the
detonation point and the base of the hole or inclusion
of water as opposed to air at the detonation point,
hal.e a significant effect on the quality of the recorded
data.   The auger gun should increase field effidency
by over 50 percent on most shallow surveys, while
improving the signal-to-noise ratio and total energy
in comparison to the buffalo gun.

INTRODUCTION

Increasing  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 ultraLshallow targets-generally the goal of
most environmental and engineering studies
(Steeples and Miller, 1990).  Resolution can be
increased by boosting the recorded frequency and the
signal-to-noise ratio of reflection wavelets.  Recent
advances in engineering Seismographs have made

a:ist±ii];S::i-€eg:Ctati.VeGaecnqei=|:L°gn:fh:#;fi:e°:ug::;er
seismic source pulse has been accomplished in a
multitude of different ways in the past (Miller et al.,
1986).

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

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

DESIGN Arfo TECHNIQUE

The auger gun is designed to optimize
field efficiency, source couple, and safety.   A measure
of success with the dormhole shotgun source (as with
any downhole explosive source) can be related to
efficiency in generation of broad-band. high-
frequency energy.   Improved energy transfer is
obtained when downhole placement of the shotgun
shell includes a water stem and restricted recoil
(htiller 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 e.visting gun sources, a
minimal diameter pilot hole (generally 6 cm, or so)
approximately 80 cm deep must be bored.   The aLuger
gun described here incorporates all the previous
operations and configurations into a single pass
source.

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

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

ipoem°:i::i:'LS]:#:rtod:=:#ayd,Slogs::*iieathmeeievre
shell is in the firing chamber.   Another improvement
is related to containment of the entire gun
mechaniszn in its dowhole position throughout the
firing operation.  Itnally, the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.  The entire design aLnd
operation of the auger gun revolves around
maximizing the recorded reflection energy without

8?F¥°d=|Ss£.ngthe§afetyoftheoperatoror
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
marimizing mobility, operator safety, field emciency,
and ground coupling.   Containment of the explosion
is optimized by screwing the auger into the ground
and positioning most of the loader weight on the gun.
Field efficiency i§ 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 inpact is
minimal with remnants of the operation restricted to
a nominal 4 cm corkscrew hole approximately 80 cm
deep.

RESULTS

Data acquired for this test `vere recorded
on an Input/Output DHR-2400 seismograph with no
aLnalog low-cut filtering.   The sampling interval was
V2 ms and record length was 500 ms.  The receivers
were three L28E Mark Products 40-Hz geophones
wired in series aLnd arranged in a 1 in in-line array.
The source-to{losest-receiver was 20 in with a
geophone station interval of 4 in.  The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The recording environment was consistent
throughout the comparison.

Auger gun and buffalo gun field files
acquired under identical conditions allows for
comparison of several key source characteristics
(Figure 2).  The amplitude of the data is noticeably
higher with the auger gun with very little differe.rLce
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   'I'he low-cut filter
does a good job of removing the ringy refraction
arrival clearly dominating the upper 120 ms of the
unfiltered files.  Some subtle indications of 50 Hz

ground roll are still present on riltcred filcs.   The
general characteristics of the 80 ms renection seem to
be consistent for both sources.

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

Lefleocst€£°dno;Bieer%eaie¥:dsafbi;£:i.aft:e%:eg|c?de];Vers
reflection energy of the bufra]o 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 aLnd the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column plaLced in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased recorded
reflection energy by over 50 pi.rcent.  Signiricant
variability in frequency and amplitude of the recorded
energy resulted from slight changes in the downhole
environment.   These subtle changes and their
resulting effect on the seismic data are indicative of
how the near surface acoustically responds to gun
powder explosions.

CONCLUSION

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

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

containment plate
screw guide

Fig.  1    Diagram represents the auger gun in above-
ground position.   Modified buffalo-gun
portion of the auger gun is not shown, but is
conceptually the same as previously
documented (Pullan and  .\.lacAulay,  1987).
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A 150 Hz digital low-cut fflter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.



l}ovnlioLc   .50-c.lLbc.   X,1flc-.a  ^dv.Bct!   Ln

llL€l.-rl..oLutLoi.   S¢L®.Lc   SouTcc.

Don   W.    SccepLcS,    Rlcl`ard   D.    .1lller,    Raliih   W.    Knapp.

k.I`S.1s   Ceologlc,il   Survey.

suMrmv

ln   A   dLrec[   codpArL.on,    the   dovnhol®    .50-c&1Lbe.
•eL.diLc   eourc®   p.oduced   no.e   .el.oLc   el`cr8y,   .
b.a.der  body-v.ve   frequency   3peccrula,   in  .opLltude
dtop   Li`  (ha  .lr-coupLed  v.ve.   .nd  .  hl€her  doelf]anc
f requ.ncy  a(  th.  [.cord.d  body-v.v.  .ficr8y  [l`.fi  tl`e
•ll.f`ced  .u[..ce  .30-c.llber  .ourc..    The  [ecotded
•cl.Iilc  eoer8y  of   tl`e  dovAhole   [Lf 1.  .hoved  aft
lf`cr...cd  ..plLtud.  of  6  Co   12  dB  ov.I  Cl`4t
record.d  by  the  .llenc.d  .urf.ce  rlfle.    The  do-l-
f..I`E   I raqut!ncy  of   tlie   [ecorded   ref Lecclor`   energy
v..   con.I.tencly   20  Co  40  H2   hl8hcr  than   Che  Our-
face   rLf Le.     The  &1r-coupled  v.ve  .apL1[uda  va8
d.ct...ed  over  lz  dB  by  .ub.utf.ce  tl[1ag  ot  [l`e
•1f lc.    ".  f[.quetLcy  .p.ctf`-  of  th.  bodyi.4v.
PUL..  v..  bra.den.d  by  .ltio.C  .  hllf  OCC.v.  oti  ttie
hl8h  .t]d.    ".  ..I.ty  of  op...tlo®  of  the  .ourc.  1.
i`o(  co.pro.i..a.    kefl.ctot.  vlth  .  doala.tiE  fre-
qu.ftcy  lb  .xce..  of  loo  Hf  a.a  be  ...1Ly  ldefLtlfled
®a  flcld  I ll..  .C  depth.  of  1...  tb.a  JO  .  a.1tLg
ch.  do`mh®l.  .30-calLb.I  rlfl..    Id.atlflc.eloa  of
loo-tlz  reflecto..  fro.  I.LOO  -1.  p®..1bl.  ob  fl.ld
I llee  of  auLtlple  v.rtLc.lly  .C.c*ed  dotmhole   .SO-
c.ltbe.  .hoe..    in.  .ource  vlll  oper.Ce  La  .A
ef f Lclerit  lant`cr  collecclng  COP  d.[a,   coonoq-of £8e[
d.C®,   a.  epot-cot'[cl®clon  d&c&.

imRODucrioN

tocrl.de(Ill:  a.w(rolmcn[A`   orld   cn8(a.eTLng  .pf]11-
col(o"   u(   .c(Lectloli  .eLe-oloey  liov®   8pu[red
reeo.`rcl.   and   dev®Lopdenc   of   8l`aLLov  hl&h-re8olu( Loo
rcrLQcCLo.I   C¢cl`nLquc®   Ai`d   equL|i-eat.      RQgoLucLol`   oq
[Iie  order  of  .  .ecer  I.  cece®.ary  to  dacecc  uLcr&-
•IIALLo`.  Co.8ec.   vhLcl`   ere  8ef`erally   the  goal  of
-o8C   envlroi`iaoc.I  .il`d  an8Ldeerln8  Btudte8.     Thl9
lnc.ea.ed  regoLu.loo  can  bo  obtained  by  boog[Lng
Clic   (rl..iuci`cy   of   tl.a   Source   i>tJLse   vhLch.    Lf`   Cu.i`.
Lficreaec.   [ha  dadlnan[   I raqu.ocy  of   the  recorded
6eLsd]Lc-teflec[lon  cl`®r8y.     Cenera[1rig   the  lil8h-
£requei`cy   sel8oLc   source   pulse   rLece88ary   for
•halLov   appllc&clorle   hoe   beef`   accoaplLshed   Ln  a
auL[1cude   of   dLf feret`C   v®y8   1ft   the   past   (`Ylller   e[
al.'    1986).

Recent   3eLsl.(a  8ouE'ce  advafice8   ac   the  Kanea3
Ceolog(col  Survey   (KCS)   have  aalnly  revolved   arout)d
Surface   p.oj®ctlLe-[y|)e  ?ourcee   {Steeples   and
[Cn®pp.    198Z:   Hlller  and   Steeple.,   1986;   Seeker   ar`d
Steeples.   `986).     A   .50-caliber  rlfle,   I.hlch  t/as
de918ned  and  built   [o  safely   fire  a  750-8ralri  t.ul-
LcC   verctcAILy   Lt`[o   tl`e  ground,   has   dole   receocly
been  ada|i[ed  Co  ape.ate  pa.tl.1ly  uriderg.ound  vlth
only   tl`e   flrlfig  epp®racu8  above  ground.     Thl8   &1-
I.ova   eafe   oper.Clof`e,   a  hl8het.-£[eqtiericy   Source
pulse,   and   an   Lncrea8ed   8Lgnal-[o-nolBe   t'atLo.

¥§.I.t:.N..4.N.I.I.w!€iiit.q9.r..

Tli¢   r.Qlil.r;Il   deslEi`   centers   around   o|iclal?.tni:   the
col`vl.r.ilui`   .it.   cl`|.rgy   iiroducl.d   by   a    .5u-c.|llbl.r
rtf li.   h.Ill.!t   lI`to   3elsmlc   (acou8[lc)   waves.     TI`e

fB®joTLcy   of   the   energy   ?roduced   b/   a   .50-caLtber
round   goes    Lrlto   acce`eracLric   [lie   proJeccLle   and
lI`[o   ethauec   ga.e9.     Prevlouely,   vl[l`   above-ground
eourcce,   ve   have   silenced   al`d   dL8persed   the   exl`ausc
8&.c.   1n  hope.   of   ellolri&Cla8   or  ac   lea®t   8.eacly
reducing   the  ef(ec(8  a(   (he  air-cou|iled  v.v.  on
8cl4i.Lc  data.     The   dovnhol®   .]O-c4l(bar   rifle
I`e.fly   81auL[&I`cougly  e*cl[e8   the   earth   vLcl`   a
p.ojeccLla  ®fid  vl.h   ewhau8C   gage.  vhlle   coritaLnlng
laoet   oC   [hc   &1r-coupLed   vove,    ToguL[ln8   Lrl
lncre®.ed   frequerlcy   and   .18nAl-[o-noL9e   r®[Lo   ol`
I)ele.lc   record   Secclorls.

The  do`mhole  .jo-c.llbe.  .cl8alc  eou[ce  conel.cs
of  .   .50-c&11ber  rlf I.  bolted  to  .  a.6-ctl-tl`1ck
•tc®1  pl.ce.    "e  rlfl.  L[..elf  I.  .  ®c.nd4rd  .50-
callbcr  bteech  .nd  bolt,   buLlc  by  Te*ae  Cub  and
N.chlt`a  Co.p.I)y.  .tc.ched  Co  .  .[.fLd4td   .30-caLLl)e[
t].chlo.-gun  b.tT.1.    X.chlned  g[oove3   ln  th.  barrel
•te  u.ed  lh  coejuELcCLoa  vlth  .  pre..ure  cl.op  to
•C[.ch  the  tlfl.  co  a  30-cql  by  90-ca  ete®l  plate.
in.  tlfle  b.rr.I  1.  lo`i.red  lA[o.a  60-to  80-cd-
deep  borehole  4  ca  ln  dlaae[er  un&tl   the  place  18
flu.h  vlch  [l`e  erotirld  surface.     ThlB  steel  place
•c[8  ae  a  ground  seal  and  a   pLacforr.  [o  acaod  on
I.hlle   £1rlt`g   the  8`ia.     The  vel8hc  of   the  sl`ooter   on
Chc   plate  8ftd   (he   .nag   (LC   of   the  barrel   Co   Ct.e
t)orehole  v&11e  help   6eal   cl`e  gun  to   Cl`e  8t'ound.
Ttie  tlf le  caa  be  equipped  vlth  a  source  eea8or  or
clo.urQ   #wt[cl`   t®   cei.cr.it.!   ..I   Cli®c.   hrc;ik.       FII.lilu
ctin   be  Jol.a   elcl.a.   all.cif lc;`lly   by   s.il¢.`olJ   a.
an^`.ally   by   piiulnr.   [1`..   rrli:I...!r.      Tl`..   .I.`.Ill.`il®   .5u-
callbt!r   .elBli8   dboul   Jll   .<t;   ;IilJ   lx   a;islLy   lt.o-|icf8uli
po[cabLc.

I`ttE(|uli:NC¥   ^N»   A-iii.IT]m.:

Tlie  do.nl`olc   .io   c;.llti.:r   ii..uJ`i.:|..   `.ron   b   to   12   (Ill
8re&Cer   [eco[d4ble   seLsaLc   €.`ergy   a:   equl.vaLenc
offsec8   than   cl`e  sllencl.d   sureacl.   .50  caliber   (fl6.
i).     TI`e   lncreaced   t.ecor€ed   aner6:..   boo8Cs   the
signal-Co-noise   eriough   Co   8`ibscdn:lolly   clean  up
the   record   3ecclon.     The   source-co-closesc   geopl`one
of feet   lt`   fig.   1   1s   43   a.      tlesides   :Ills   r`oclceabLe
Increase   Ln   recorded   selsilc   enet'g:..,   a   cor`slscei`C
20-40  H2   boost   ln   tlie   do..lnf.i`t    f cei`iei`cy   af   Cl`|.
8oLirce   vaveLe[    1g   cl`ardccerL.qc(c.

In  prevlaus   shallo`rsource  coapa:ison9   (*11ler   ec
al.,   L986),   the   su.face   .50-calLbe=   lie.€oraed   com-
par4bly   [o  HlnL-?rieacord   af`d  A   le-6ause   But falo
gLiA   ln   total.   ener8:.   and   i rcq`iency   §?ec[rufl=.      Tl`e
noted   Increase   La   frequency  .ii`d   ciierdy  vould   a.`k€
Ct`e   dovliliole   .50-col(b€c   rLfle   co..p`it.able   [o   Cl`e
gauge   Buf falo   gun   vhLch   vac   .1d)orig   :he   be8C   Sources
Ce8Ced   for   refle::loll   e*er3y   ve:scs   3rou``d   roll,
Cocal   energy.   and   ireq.ier`cy   r.ol`cei`:.

S^L.`':'L'Y

S,,[|.`y   ti',u`,lJ   bl.   ',,    I ,,..,, l,"'',il   c',.,|.|.,.,,    i"   ; ,,,,'
oiicrAtLon    Llwolv;.|i:    ``..i`i)|I: ""rut"     T'"   r'''L`..   I.1        i
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n®u.`tcd   oi`   a   O.6-ch-[l`lck   .teal    f)L^(c   [o   iir.i(|.cC
[l`c   oi.ar.`Co.   I fob   f ra8oenc8   AI`d   to   l`elp   hold   [l`e
i:`...   w..`:`Irl.ly    ln   pl..co.       .il.`cu    tl`e   iiroj`!ctllc    lil
I lretJ   I.oa  .   bolt   .nd   b.cecl`.   orl8ln.LLy   deelgne.I
a9   a   iltAod.`rd   I Ire..o.    the   iicd]oe[    1a   .Afety   hag
•1lruJi.Iy   til.en   Ja.lBne.I    Into   tl`e   nc[u.I   I lrtnr,
I.¢clll...I.n.      TI.a   I.OLC   ®iiu   ur¢¢cli   I.anuf.cturcr
de.18ned   (h®   app.racuB   not   Co   f.a8®.nt   avon   Lf   (l`e
b.rrel  va.   col]ple[ely  ob.crucced.     The   ba.rel   i.   1f`
rttn.i`Ii`rd   `i.a   by   tl.a   U.   S.   nlllcAry   ol`   .SO-callhl.r
•.cl`(I`a  cud..     Tl`e  .*Cr.   Chlcklie..  of  .  ..chLfic-gun
b.rrcL  .erve.  to  dl..1p.ce  he.c  .nd,   e.peclally  ln
®u.  c..a.   p[ocecE.  ftoa  blov-out   lf   for.let)  Elacer-
1.18.t.  lnto  tl`.  b.I..I.     Tt`1.  fpt..  coficlnuou.
op.r.tl®co  ..fe  .tid  cofl.I.Cent.

crsB  s"Dy

Sll.t`c.d  .urf.ce   .SO-c.llber  ve  Do`.t]hole   .50-

Tl`®  dL[ec(  co.|]..I.®tt  ®£   tli.  .urf.ce  a``d  cllo
dovnh®l.  .50-c.lib.t  tlf Le.  v..  p.[fo[I]ed  fte..
Win(a.  P..L,  C®lor.do,   1f`  .n  .Cceap(  [®  dotec[   [l`e
Not f.(  t'.Ll.a.a  tunnel,  €S  4  b.Lo..  the  .a.£.ce.
".  I.c.1v.r.  I.et.  .1ngLe  loo-Pz  8.®phonc.  vlth  .
I.a-.t.Cl®o  1fi[.r`r.I.    Th.  .ouTce.  v®[c  4.  .  f[®I]
th.  clo.e.t  I.c.1v.I  .c.[loA.    th.  I..ultlng
F.co.ded  field  fll..  pl®tccd,  a.lug  tsoe  .|pllcud.,
clearly  .ho`i  tl`e  lncr...ed  .flpllt`Id.  attd  [h.
Lncre4.ed  .len.I-Co-dot..  I.tLo  of  the  dovchol.
rifle  a.  coap4ted  [o  (he  eurf.ce  .ource  (fig.   I).
A  8l.rlfLg  dl£€erence  1.   the  .be.flce  o£  .1[-coupled
v.v.  on  the  fl.ld  fll.  u.lag  the  dovtihole  rlfl..
The   freiueney  dLf fetence  14  obvlo`ie  ofi  the  aBpll-
tudc  ep.c[r.  (fl8.   I).

I)ovril`ole   .SO-callbeT  Field  FLlee   .nd   S

The  dovnhole   .50-caliber  rifle  c.a  produce  a
®o`itca  put.a  vlch  .  doelh.tic   .®£1ectl®o  ft®queacy
la  exce..  ®f  loo  tl=  (fl8.  2)  vhefi  `i..I  vl[h  .a.log
L®v-cut  I llter.  th.t  h.v.  .  -a  dB  point  of  220  Hz
al`d   A   24   dB/ocCAv®   Tollo(I .     Clean  -Loti]ue-pl`..e
ref LectLoll  v&v®lec.,   a..1ly   Ln  exce..   of   L50  «z,
caf`   ba   Ldentlf Led  dove   Co  270  tBeec  dlTeccly  of I   the
field  £1Le   (flg.   .).    Th.  epecct'un  of   the   refl.ccor
A(   85  ascc   I.  alao.c  3  octave.   &croe.  vl[I`  come.
frcquencLce   of   40  and   290  tl2   (fig.   I).

The   dovnl`oLe   .SO-caliber   [L[le   ha.   i`oC   only   becf`
p.ov€i`   [o   be  a   u8®fuL   8hallo`.  hlgli-reeolucLo..
reflectlon-sel9dlc  .ource,   1t   .leo  po..e8geg  the
capabLLlty  [®  peoecr.[c  ae   aucl`   a.   L,loo  la  of   .edl-
dien[A.y  vefiee.  overlalri  by   ls  to  30  a  o[  v.a[hercd
•LLuvl`iii  (flg.   4).     Ill.  reflcctlon  .c   720  a.ec  ofi
the   £1eld   file   L®  ^rbuckle  doloelce  &C   a  depth  of
I.loo  a  ln  central  Kafi®.a.     Thle   elghc-Shot  ec.ck
v.a   .ecord®d  vlch  30-ttz   low-cut   £1lte[.  ®f`d  ten  40-
1]2   €eof)hones.     The  doDlflanc   £Tequency   o£   the
re£Lecclon  efler&y   1®   .bout   loo  H2.

^cENOwL.BDCHfurs

rundll`g   fo.  [hl.   reeearch  va®   provided   ln  p®Tt   by
NaclonaL   Scl.nco   Foundacloa  CratLC   h.a.   BAJ`-8218735.
Ve   appreclace  Eether  Ptlce'e   effor[$   1n  aLar[u®crlpc
p[ef)aratlon  af`d  M.rla  Adkln6-Heljeeoa'®   edlcotlaL
eug8e8Clon8.

nt:rH;kli:Nci:.i

H1,lcr'    I,.''..    l'u,I ,,,,,    *.I.:..    W..''`',,' ,,.. I..i.'    ,,,,, I
ll.enl.    r.P..1986.   Fleld   coop;irlgon   of   ®l`allou
•eL.d]Lc    8oLircc8:       Ccopl`ysLcg,    v.    51,    I).    2067-
Z092,

ttlller.   R.I)..   .nd   S[eepleg.   D.W,1986,   Sl`allo.
®cructure   I rod  A   .eLe.eLc   te(lec[lon   pt'of lLc
ncroli®    Clic    lli.cull    I'c.IIk.     I.II.liu,     rfiul.    I.ciir|.:
Ceophy®lcal   Re®e.rch   le[[er8.   v.   lJ,   p.   9SJ-9S6.

Seeb.I,   M.D..   .nd  Steeple..   D.W.,19e6.   Sel.nlc
d.C.  obt.lned  vl[h  .   .SO-c.LLbe[  Ia.chlt`.  our.  aa  .
hl8h-re.®1u[1on  .al.olc  .ou[c®:     ^^PC   Bull.,   v.
10.   p.   910-916.

Steepl.8.   D.W.,   .ltd   Kmpp.   R.W.,198Z,   Reflec[lonB
fro.  2S   feec   or   le.e:      Pepe[   pre8cl`Ced   e[   19e2
See   Convenclon   (Exp.   Abe.),   See   pTOBrao   v®ludie,
p.   469-471.
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Surface  50-caliber  Bifle  -vs-Downhole  50-caliber  Pi fle

12m
0.0-

.-
0.1_

250
frequency  (Hz)

I,_ in  surface  50-cal                             downhole  5o-cal     t.2rim

) i ? i
`' `)

( (

)

i

(

)
I,i

i ) I
( i. '/ \1\\ lt ')))'',
; / \\\(\ (\(¢ I I 11 /'{( (t\\tl\\\\\\`lL

(\\1)i( ( I \t\ 1 [11« ( ( (\|t\tt I ''(I(Ll''',I,
I (\\„ 1 '/ ( f ' )I(((( 1 I 'r[ l''' )')'(I)i/((/(
/ / ( ((\1 \\ ( (\\\t' ''' //////(((( \\\\\\\in}''-)I

\ \ 1! \1 I I((\\ )) \\\\t' )''' [\111///\\01
; ; )/` ((( \ \\ \\t I rr( )J/ ''((i \ t\

((\\ \\\\ I( ( / / //'// / /(( \ ( ( \\\\\\11 L'J
I ) /' ((\\\ )\ \1 ll)''J,rTi777ITIRT`

i ) Ill  )I )( '' /((\ 1\ (\\\t)   '( r
I \ \ )J )`( 1`\ \\ „ r ( ( I-\\ ' I I I

1 ) 1 i) \ \ '1111 )( \\\ ' \ \ \\)
I ' I ( J<X-,t

1\\` \\1'''1 J( ( ( ( \

) ( I J IJ|\(1\ ) ( \111 I / I )!l(\ 1 \ (..  \
I

( ¢S.     ., (

I
:\`(        `

' Ir\
!I

j !J  \r(I FT,T //)

1 J l}r'uft..:.RAIL1] ; ' f)'(\ )) ! \\`L\
Jtt,'t'(\(„i/ \ /`  (  (  i  ;  )

`1     \    i     I     I

/j )I,'/

500

-fiis-s-ingle  shot  ccmparison  plotted  true  amplitude  with  ider.tical  recording
parar[ieters  clearly  shows  the  increased  signal-to-noise  and  the  inproved  fregue
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and  therefore  the  resolution  easily  obtaina5ie  '~`:=h  a.dovmriole   .50-cal.
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FIG.  3.

85  msec  Peflector  Wavelet

Amplitude  Spectrum

250                 500                 750                1000
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-The  amplitude  spectru!i` of  the  ref Lection ulse  at  85  msec  is  almost  3  octaves
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Eight   Shot   Vertical   Stack

Downhole  50-caliber  Bifle
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SECTION  Hl -HAZARDOUS  INCREDIENTS
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SECTION  Vll -Splll AND  IEAKACE  PROCEDURES  (Control  Procedures)

^cTioN Fort N^TEfii^i aEi£^sE oR gpiu
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 seal.
Label "Small Arms.Ammunition".   Wash &u contaminated clothing before reuse.

1n  the  event of a large spin use  the  emergency  telephone  number shown  on  the  front  of  this
sheet.

TRANSpof`TATION  EMERGENCY, CONTACT CHEMTflEC 600424-93cO
WASTE OISPOSAI I.E"OO

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.

sEarioN viii -sHippiNG  DATA
a.a.T. cuss                                           Chss c Explosive       OEN-D

SECTION  IX -REACTIVITY  DATA

SECTION  X -PHYSIchl  DATA

wEiTiNG roiNT             N/A v^POR pf`ESsuf`E                  N /A VouTllES                                  N /A

BollING  POINT                N/AispECIFICcf)^VITY(H,O.1)        N/A soiueliltt in w^TER         N/A EV^POR^.iloN  f`^TE             --.  N,/.A.  _  __.

pH                                             N/A V^Poft DENsltt (^Ir.1}             N/A

iNFonMATION  FunNISHED BY:                 C.  C.  Nconan
(203)  789-5436

1475

DATE         Novemberl6,1985

D®partm®nt of Envlronm.ntel Hygl.n. end Toxlc
(203|  789

olin  cOF]pOF]ATioN
120  Long  f]idoe f]oad. Slamlord. Connocllcut 069C

OCEAN®   N®twork
EMEflGENCY  PHONE  1.80®OLIN-911
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•   in.alchal Saloty Data §h.oat  .     .

W.yho`Il.a togivwh    .
Ost4L.. 11.I.rd Cammunlcalch Stand.rd,
2e CFF`  1®10.1ae.  Stlnd.rd r".a I-
con-Il.d b p.cde iqilmut

u.S. O.partment ol I.bar
Chap.`ioonl S.I.tv .nd He.lth ^dmlnlltr.Ilon
|No.-M.nd.iory ForTn )
Form Ape.oed

OMB N®.12l®cO72

•  +rE» .

®®m 0~ lb.a on I-b.I .rid 1).
All  Shot®h®1l  ^muiiltlon

une~"RE=LELE#="rar=£E:gF#L=
'  .    Sedhol    ...snail  ^ms  ALB"nlclon-

Nm Em~ T-..l`irne-   .
t`eninoton  Azns  Co. ,   Inc. (Sol)  .   676-3161

^aLlr.-. ®\rnL).h S\r..L C®h Stol \pd ZP Col*\ T*ephon. lLh-b. Inbm.tlerl
I-40.  fllghvay  15.      . (SOL)      374-2246                    .

tono*.,Ark.ansa8       72006             .   .   `    .         ..
a,I, P'vyd`      e-12-86    .     . .     .

Sign.tlr.dpnp.in /pend      .       .
V.G.  Bell,' Chen Lab  -Technical  Section

S.ctlen I - tl-I.rdoli. Inghdl.I`tl^donlJty hlom.tlon

l{.=Irdeu-C=Fjij=F:a Ge.a. Ciha -CtMm ll-ir|On      CEN^ PEL Acaai Tiv         friiT.-ul-Ii==        * 6i±j
Lead.,  Inorganic  and  1.Cad  ccnpound8.                    50mg/N

lr8enl.c  .nd |nde                                                 10
Antinony. and  ecmrmind.                                                 500  ng/H
BariuB  aiia  coxpounde                                                        50o  mg/X3.
tlltroglyerln  (a.05  pp  akin)   500. BLlcrograns/H3  of  air

txJT  -  "Small  Azns  Aminltion.
•.     Cia..  C  EDtplo.iv.

ups                 . Oen-D

S.ctlon Ill - Prty.Ic-I/Ch.mlc.I Ch-I.ct.rblJc.
erty pen    pot appi|cable. s#Effilt£::'
V.f)er p"u.. (mrii H+)    . rty rm

Not  appllcabl® Not appllcabl.
VwOTrtyvEo.t".irilcable in-ir,wotAmi.caL[e
S¥dh€Tead styphnate  -|nsol`]blei  Lead »1trate -127  gb/100cc Vater -loo.C

-IdCb
Grayleh,  Gray,  §11v®zy  Nat.rl.I  i  tlo  odor

§.ctlon rv - flo .nd Elplo.Ion H.zf rd O.I.
flllll Point O*.thad U.I) Fq-LM un ra

Not  appllcchle Not  applicable »^ W^Ed--
Material  18  .elf  oxldlzlngi   flood  Vlth Vater  to  flqht  £1re. end  ccol  .hell..

spdl Fh Firtyo put.O`m  I

un#eiFi".TiH¥tg#e when  e]{po8ed  to  flan.  and high  tenperatwre..



S.ctloe V - A..clhrrty O.to
St"ty u- C4ndiuaro®^"        riane8,   Sparks,  percussion  or  Shock  and  hlgb  .

SLth I texperature9   (Ilo.C)
lr.come.Ilblllty {l/.I.rf./. lo A`ed  .. Strong  nlneral  acldg  and  al*all.
t4Lt~ O-b -07frd-o*id®s of  carbon,  ndtrogen and lead ftpe9.- rty Cho Ctr'~k""      Heat,  fire,  static,.  £rlctlon and Perc`]g810n.

V,P " -
X

S.ctlon VI - Ilo.Ith Haz.rd D.I.
f`e-ii.|d Eitry:         .              Inn.I.lion?      Fumes Stu?  cuts  or  abrasions  - REE17cl®g

LTnour# #iqiengctorla,  enbryotoxln,  mlnutrltlon,  veakness,  mental  confusion ,  pallor .

tr.eat  per  gen.ral  lead  expogurei.  headache  and nausea

Cijffi=ffig-in..        RTP7                               unc 'dtpd7                  Cso ftypd'  Lead. Yes

6i-dsy-OIEmr.     .     f`efer to health.hazard akeve.         `                                   .     .  .

±l.t.c±! c6iasai=    .
c.i+.=it;; ^¢ifi=F=d try Erp- Gastrol[itestlnal  tract; kidneys,.  blood  and  central  net-`rou.

Bygten.         (CNS )
Efl-Hf"AHph~        skin.  £|u8h  ulth water|  i£  Swallowed  seek  medical  attention

inediately.
S.ctlort VIl - Precautlon. lo. S.l. H.ndllng .lid ue®
Si.p. . e. Tod n h C... W.di) I. F!±._t± or spAd                                                                                                                +

Use  nod-Sparking  equiment  to  cleanup  and  store  shells  -  a`roid  ignj.tlon  sources.

rM?±=|¥ bc burT`ed_ p®I 'approprlate  federalt  state_ aT!d  i_qc_a_i_reg_u|a±or¥?_g_enLg[==
contact

pbe±£- e e. T.h h H- .nd Strty

Refer  to  r®l®aeed  or  Bpllled  data: abo`/®.Chri=-h
I,abel  containers  -  "Small  Arbg  AJT`minltlon''  Year  gloves  and  5hrapr.el  protection.

s.coon vlll - contTol ll...iin.
Eiirty=iniii.-dr-tmJ.         -I,cm   a.,I,I,,en ,------.- ='=`TT]fosm    SA/H1=/SCBA

a^-Pttx.ctA.cahiriotrEgiv±eL+---I Uee  heorlng  protectlctn  when  dl8charg ing  cartrldg®..

v,a,a .,-,,, ',,„ ,,,, I,



aENERAL MOTORs cORpoF`ATION
MATERIAL SAFETY. DATA SHEET

SEctloN I

SECTION 11 -INGflEDIENTS
(11 t ,11 lng,,dl®ntS)

C^S  P€CISTflY  NO. NW *V

-    cHiNcO Nuntsi -Im-  _!I'ffir#:A,!##'l

7664939 37 Sulfurl€   A¢1d NA_

7732183 1& .    Water N^-7439921
90 -. tl^_

£coara_tat.I_       _    _     _
D4remt¢

-_-,---1

I     `           .           '                -                                        `.                .         .'                -                             .          <-

SECTION IV - FIRE AND EXPLOSION HAZAf)D DATA
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8ECTioN vi.REACTrviTy DATA

ETA:_::tt

uNS1^®|t CohoiiliilNs to^VO|O     -T

7_A,|t
X r__-"coHPATl.llltY I..I..i.I. I.iv.{d'  jxtdi2t.na  or   reduclna  materl.lg.

HAz+Acou   OfcoMrasitioN IO0UCT§:



P.3

`MATERIAL SAFETY DATA SHEET
sA   e25   Ooi2PRODUCT

SEct'ON I
wlTcci MANufActuaiN6 clvisloN ofi 6uesioiAAy EMEAG€NCY  TELEPHONE
'

y6Y!F,ACTUAER     782-5SOOaffiaEciedeooi.24.9300
AOoflEss iNUMBEn. STa€ET. ciTv. STATE. ZIP Conf.

(
Ch EM'CFA::::i:3i^MHuv'drocerbon                                                                ffi"ULA           NA
a

'SEctioN ii -.cliiEMlcAi AND pHy8ICAi.pRopEtriE8 farEMlcA I..                                 imyslcA|:.
I-A2^aeous OEcOMposlTroN .aooucTs FORM.        Semi-sol  ld

6         Carbon   monoxlde.   carbon   dloxide 00OR
IN COWPAT.BILITY   R      .^W^VFfl    MI Mi nera OilIStrong oxidfzlng  agents   Such  as:     hydrogen   Peroxlde,

^„E^f'^NCE
6 chromlc   8cld.    bror,ir`e a Grease
LIST ALL Toxic ^NO HAZAROOus INaaEoigNTs,None loft"I      Amber

P'2 ECIF€  GRAV(TtiwATCB.11RT a . 92 ¢

`EECTioNiii"i=FmE...ANO`ExpLO8ioNO^TA.. eotLING pT.,S
NDA              .c,i

spEclAL finE FiGHTING ffloc€ouA€S FIAslil POINT (METlloo u6EolAboveC.O.C.2®'90.CJZL.f

Fire  flghters   should   wear  an MELTING pT. NA.c
eoproved   self   cont1lned   breathing fl^MMAILf lowJTS %NDA:7iowEn_uFpgB_

I,
C

2,
apparatus.

3oiueq.ITyNW^TEI'

N?c I  i a I b I a
uNuSu^l Flf`E AND EX?losION HAZARDSDensesi7ioke EXT"GiileHING^aENTs

8 0f`YCH£MICAI   X: CO. ^T   -      ,5   .c
=W^TERSPRAY    ± fo^M.w^TEFIFOCRSANoif^rm9®-THefl I,

a  VOLATILE
NA

2,
a ',Y WT *'E||  ,     . - (YAP. A^TeI,1'

NASECTION IV - H€ALTH HAZAfto DATA
pEfiMissiaiE coNCENteAtioNs IAmi

T

I

V^POA PA£Ssufl€
NA

g           NDA
I.  Imm H. .120.Cl

NAEFFECTS Of OV(REX?OSuA£ I, '^m  ,  ,I

ao May  cause  skin  a  eye   irrltation  wlth  prolonged  contact. ®H ^S IS NA

TOXICOIOOICAI P.OPERTIES JO ®11  '                         I

I N.P'4. ST.ONG^Cu)                                       .         isTAONceAs!
EMEnG£Ncy FiasT Aio pf`oCEDufi€S

32 Eyes     Flush   with   large   amounts   of   water   for   at   least   15  mln. sT^elE                                                -X

Call    a   ohysicien    Immediately.
I

UNst.BLE                                                           I

33J€,i S*INCONtACT        wasr`   thoroughly   with   soap   and   Water.

::§,i;:Fv             ,OO<O'rto#..*32
N HALATio N                  NC)A

'31           NA

FswAiLowED        Call    a    PnysIciEn    Immediately.
1(

NA  -NOTAppiic^eLE                                            NOA.  NOO^TAAVAiiABiE                                       <.  less A.`                                   >. MoaEiw^N

ccf]i,.. tic.  e s .... :   i  -

Paq6  I  o' 2
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MATERIAL  SAFETY  DATA  SHEET     pRooucT SA   825   0012

I,ON Vl' =8PECIAl`PflECAUTIONS
paECAutloNS TO e€ TAKEN IN HANollNG ^NO STOF`AGE

Keeo  containers  closed.

sECTioN vili - TFtANsroHTA"ON OATA

uNfi€oul^tco  a U.S. a.a.I. .flop€fl 8HIPPINC NAME

"               ,Y a.a.T. 7

i..              A!€Uol.^oT:D  I
IJ.a. a.a.T. HAZAf`O CIASS lJ). NUMBEP

a

"ANSPO.T^tloN AO UBELISI REOulAEO

£MERCENCYlNFOAM^tloNCHEMTREC1.taooi43..9300 60 e'
fA9Z EiaHT cLA5siFlcAtlaNPetroleu.   Lubricetine  C-rease

Bifct^i Te^NspOAT^TION NOTEs

J

SECTION IX - COMfwENT§

KE:i   OUT   OF   a:AC*   OF   CHI LDREN!  !
}€1

\^/e  b.li.v.  th.  6tatem®nts.  teclinlcal  Information  end  l®comm.ndatlonS  Corltain.d  A.i.in  ..... liabl..  but  they
are  given  wlthout  w.rr&nty  or  9u®r.nt¢e  of  iny  klnd.  express  or  lmplj.d,  end  w®  asaum®  no  ie&ponalbmty  for
any Iol6.  damog®. or c*pcnBe,  direct or conloqu®ntlal.  arising Out o{ th®lr use.

P3$6   2   0!   2



MATERIAL  SAFETY  DATA  SHEET      pflooucT SA   825   0012

6ECTioN vi  '. .HANDUNa aE5ECTioN v] -'HANDL]Na.OF 9piLLs aft iEAi{s
rf`ocEouflES Fofi Ci£AN.up

Transfer  bulk  of  material    into  another  container.     Absorb  remainlng  resldue  wlth
Proper  absorbents   such   es   sand,   earth,   vermlci)lite.     Sweep  LJp  and   dlspose  as  Solld
waste   ln  accordance  to   local,   State  and  federal   regulations.

'
WASTE OIsj'OSAl

By  methods  conslste.nt  wi+h   local,   state  and   federal   regulatlon5.
I

§ECTTONvlfi-..SPECIAL-TRECAu"ONS
pf`ECAUTioNs TO e€ TAKEN iN HANDLING ^NO sToflA¢E

.3        Keep  containers  closed.                                                                                                                          .

8EclloN VIIl - TflAus.OFTA"ON DATA
uNFtEGul^tEO  E u.s. a.a.I. .flopfa 8iilppiNa NAME

"                  ,Y D.O.T. 7

#            A!euoi.^O¥O I
u.a. O.a.t. t+AZAflo CIASS I.a. NUMBEa

a 9

TRANSPOATAtloN Aa uE)ELISI AEOUIAEO

£M€RGENCYINFO®M^TION eo C'

FA EIOHTCuSSIFICATION

CHEM TREC1.iaooi43...BOO 9Z
Fetroleu.  Lubricatine  C-rease

6ifct^i Ta^NspOAT^TioN NOTEs

|C 9)

SECTION IX - COMMENTS

KE:i   our   oF  a:Ac*   OF  CHI L9,3EN! !
}=1

W.  believe  th.  gt.tem®nts.  teclinical  info.motion  end  .ecomm.ndatlona  Contlin.d  h./.in  .r.  reliabl..  but  th.y
ale  given  wltliout  warranty  or  9u®r.nt¢e  of  lnv  klnd.  .xpre!8  0r  lmplj.d.  end  W.  ®Saum®  no  .eiporisibllity  for
any  loss.  damage. or cxpt)nee, ditect or congoqu®ntlal.  arising out a( th®Ir use.

C)i36  2   ¢'   :
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MATERIAL  SAFETY  DATA  SHEET

P . c-I-

Tax   no.    :    042840
Prlnt   Dlt®

L.st   R.vlewed
.I,a.%9J
05/03/89

Plrt   Type   end   Numb.r                                                      Part   name
---~-,,,----,-,------,,,-----,--------.--------.----------------,,~---,,,--,,,,
Forcl    -U.S.    BATTERy    -ALL                                                   BATTERy   ELECTRaLyTE
Motorcraf t   -u.S.    BATTERY   -ALL                              BATTERY   EIECTROIYTE

-----------.---------  CHEXI CAL  AND  PHYS I GAL  PROPERTI ES  ----------.--------.-----

Material    type                          LIQulD
Sp.clfic   Gravity                I.250
BolHng   point                        >135   C
flash   polnt                            Not   Appllcable
pH                                                          2.a

----..------. I.-HAZARDOUS   AND  OTHER  DISclosEO   INGR!DI ENTS  I ----.. I -----. I -----.

P.rcent          Expoeure   Llmlts   -TVA
Range              ACGIH/OSHA(where   e3t.)    CAS   number            Cheiiiicll    Name

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

Expolure   Limlt  Abbreviatlens
-----,-1,---,,,,--,,1~---,,,,,--1~,,,
TWA-Tlm.  W.loht.d   ^var.!e     C-C.IIlnq

S-Short  T.rm  Expo.Ore       Sk-Sklf`
Sol-Solubl.  Codlpound&             Fu-Fumes

lnsol-ln.olubl.  Campound€       Du-Oust r,+.

------------------- i-RE GULATORY  I NFORMAT I ON  ------- n -----------------

Thls   product  collt]Ins  .   toxic  chemicel   or  chenicat.   .ubJ¢ct  to  the  report!n¢
requironents  of   S.ctlon  313  of  title   Ill   of  the  Super fund  Amendm.nts  end
R.authorlz.tion  Act  of   ]98£  .nd  40  CFR  Part  372.

---I---I--.I ----.---- S 16NAI WORD

DANGER   --CORROSIVE     .

---..-------In---..-n-------..HAZARDS-----------.----------------==a---=

Contact  wlth  thli  in.teri.I   wlll   cause  burn.   to  th.  skin,   .yea   .nd  mucou!
in.mbran®8 .

Wh.n   €hle  n.t.rlal   com.i   if`to  contact  with   the  .y.a,   sericiu.  d&mag.  may  occur.
Thie   product   ls   h.rmfLjt   by   lnhalatloA,   wh.n  .in   contact  wlth   th.   Skin     .
•nd   if   lt   is   .waHow.d.

ThiS  product   ls   irrlt.ting   to   the  .yea,   re3pir.tory  cy.ton  and  ikln.
This   product  may   bc   fatal    lf   lt   15   SwlHowed.

FORD   MOTOF]   COMPANY
DEAflBORN   MI   48121
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MSDS
(CONTINUED)

P.6

Tax   no.    :    042840
PrlntD`t„o[/ao92ei9o2

il -----------------  TARGET  ORGANS   AND   ME0I CAI   CONDITI C)NS   ---------------------- a

Ov.rexpo3ilre   tci   €om.   haz&rdou8    lngredlentf   in   thlE   prodlJct   hi3   been   found
to  affect  cert.ln  body  ore.ns   and   Sy8ten.   ln  cxp.rlmental   anim.lt  and/or
liumanl.   These   include:

Lungs
Teeth
Skln,   Eyes,   and  A.fpiretory   System

---.--.-----..--------  ACUTE  Tax I C I TY  I NFORMATI 0N  ---------. I ------ I-.u ----

Based  on   th.  compo€Itlon  of   th.  product   ldentlfled  by   th.  supplier,
Selected   portlon.   of   th.  .cute   toxicity   Information  front  RTECS   ar.
3S   follows:
7664-93-9         SUIFURIC   ACID

lnhal.tlon,   .dolt   rat,   LC50  -ilo  mg/m3    (2   Hour.)
Oral.    adult   rat,    LD50  -2140  mg/kg                                                           .

Ill-I ------ I-Ill-I-±-u-SAP I  H^NDl lNG  AND  STORAGE--±±±=-======-=±==±=--

Oo  not  breathe  gee/funas/vlpor/Spray.
Ui.  thls  product  with  ad.quote  v®ntll.tion.
Oo  not  g.t  tlilf  in.t.rlal   ln  your  eyes.   en  yetJr  .kini   or  on  your  clothlng.
Thl.   ls   an  oxldlzlno  .i.rit  -avold  brlnglno   lt   Into  coRt.et  wlth  ah
organic  material .

Stol.  thie  product  in  .lr-tlght  contilner&  &wiy  fron  &ourc..  of  h.at  .nd
I ight.

-d-lI ---- qllm--F IREi   EXPLOs loN  AND  REACTIvltY   INFORMTIO«  nlll-E|€== -----

Bringlng   thlf   product   Into  cof`taet  wlth  conbu&tlble  m&t&ri.I   mly  cauee  4   ff re.
EXTINGulsHER    INFORAATIONe    Dry   chemic.I,    teem.    carbon   dloxlde.
ute  w.tor  to  cool   flr.-.xpo..a  contalner£  and  to  protect  p.raonnel.
W.ar  salt-contain.d  br..thing  app.r&tu&.
Thl8  product  can  r..et  vlolently  wlth   reducif`g  .gent€  and.organlc  mat.rlils.
Exploelve   HYDROGEN   GAS  may   be   r.I®&..d   lf   &qu.eu8   .olutlon&   ol   thl.  in&t.rlal
eeme   into   contact  wlth   reaetlv.  metal[    (IRON,   ZINC.   ALuhlNun)  .

Irrltatlng  and/or   toxlc  fun.I  &Ad  g.sea  may  b.  onltt.d  upon  he.tf nq  ot
thl=   product.

The  a.compolitlon  of   thl8   product  wlll.relea!.  toxlc  ia.aS.

FORD   MOTOR   COMPANY
DEARBORN  Ml  4€121
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MSDS
(CONTINUED)

P.7

Tax   no.    :    042840
Prlnt   Date   i   o4P/aoo298o3

--------------------  PROTECT I VE   H£ASURES   AND  TREATMENTS  ---.---..------ I ---- f[ ---.

Use   of   an   impervlous   apron   ls   recommended.
Use   gencral   v.ntllation   and   use   local   exhaust.   wh.re   possible.    In   ccinflned   er
®nclosed   spaces.

Wear   ch.mlcel   goggl.8   and   fac.   8hleld.
The  ilse  of   neopr.ne  glov.e   is   recom.nded.
In  e.se  of   contact  wlth  .y.a,   rln.e   imedlately  with  plenty  of  water   and   €.ek
medical   advie®.

Imedlately   t&k.  ®tf   all   contanln&t.d  clothing.
If   the  mat6rlAI    I I   ew.llowed.   get   lmadlate  medic&l   atterition  or   adiviee  --
Give  sev.ral   gl.8ses   of  water  or  mHk.

It   gas/fume/vapor/dust/ml5t   fran  the  mat.rlal    is   inhaled,   remove   the   affected
person    lmmedi&t®`y   to   fresh   air.

For   skin   contact   flilah  with   large   &mount5   of   water.
Wash   thoroughly  af tar   h.andHns,

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

If   the   product   i&   lnge&ted.   probabl.  muco=al   d.mage  may   contraindlcate   the  u§6
of   ga&trl¢   t&va!e.     Tr.at   th.  affect.d   person  &oproprlately.

------.------------ I ----  SP I LLS.  LEAKS  AND  D I SPOSAl ---- n-I -----.----- =E:

EIImin.t.  all   .ource!   of   ]gnitlen  or  fl&mmablef   that  may  cone   Into  contact        .
with  .   .pill   of   this  mat.rl.I.

Avoid  .kln   cant.ct   lnd   lnhalatlon  of  vapors   durlng  dilpo.il   of   CPHIS.
0l.pose  of  wast.  matarlal   .ccordlng  to  Loc.I,   Stet..   .nd  Fed.a.I
Envlronm.nt.I   R.gulatlori&.

In  ca!e   of   1.rgc   .piH®,   foHow  all   facillty   Em.rg.ncy  Re!ponSe   Proeedure8.

----- ilLI -----.-----------------  SP EC I AL  REMARKS  --.---------.------...--.. ===--

ThiS   i.   an  .eldlc  mit.rlal.

--.---  u.  s.  eEPARTAERT  OF  TRANspORTATioN   INFORHATioN  .u-I!±±i ------ =

Shlpping   name:    BATTERY   FIulo,    Aclo      uN:    27S£
Ha:ard   Clasti   Corrollv.  matarla`                  Hazard   Labe]!   Corrosive

The  chonlcal   nlme(i)   lppearing  below.under   ''NME"  must   .ppear   a8   part   of
Shipplng   nlme   lF   the   amount   being   chipped   in  each   contalner   exc.eds   the
quantlty   .Iiown  under   "fiQ''   below.     The   latter:   "RQ"  must   ®1.a  app.ar   a..part
of   the   Shipplng   riam®,    In   the   form:

ehlpp:ng   name,    chemlcal    name.    RQ.
For   u.S.      Sh!pm®nti   fran   Ford   FaciHtieS,   consult   the  .'Ford

Hazardoui  M.terial   Tran!pertation  Control   Progr.in"  A.nual,   oth.rwiS.
consult   49CFR172.
------ CAS--RQ (Ibs)   -NAME ------------..----------.------------------------------

7664-93-9         2777         SuLfuRIC   Aclo

FORD   MOTOR   COMPAN.Y
DEARBORN   Ml   48121
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MSOS
(CONTINllEDl

P.a

Tox-no.    :    042840 a     print  D,te  .   oE/ao82e/9#

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

H.8Ith   and   safety   Information   has   been   evallJated   by!

Environmental   &   Occupation81   Toxicology,      Occupational   Health   6   Sat.ty,
Ford   Hotor   Company
goo   Parklane  Towers   W.gt,   a.arborn,   Hl      48t26        ..

For   .mergency   can:       (SIS)    337-3182   -or-(313)    3Z3-0045   (for   24   hour   ..rviee)

Thls   il   th.   last  page  of   thi.  HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   M!   48121
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RATERIAL   SA.FFTY
DATA   SHEET

AMOCO   REGULAR   LEan-FREE   GASOLih.I

MSDS   NO:       02003992

P.9

MAJ`luFACTURER/SUPPLIER:
Aboco  oil  Cobpany

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

EMERGENCY   HEALTH   IREORATION:       (800)   447-873S
ERERGENCY   SPILL   INFORMATION:       (800)    424-9300

C"REC,  U.S.A.
OTRER   PRODUCT   gAFETY   INFORATION!       (312)   856-3907

:I
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IMPORTANT   COMPORERTS:      Gasoline   (GAS   8006-61-9)   ACGIH  tLV   300   ppn,   STEL   500   PPB;
OS}IA  PEL   300  ppn,   STEL   500  pen.

!§:i::::§A#e!:::]!:i:£=::!o:i:;:: i:::;  °Sm P€L 1 ppn
WENING  STATSRENT :    £::a::ie::tE:::!Xe:::i:::: in:::hax:P::u:::fez:=!i:ni £C4nga:::::a

and/or  agplt.ated  into  lungs.   Can  produce  skin  lrrltation  on

::::::i:dt:rv:::::tfgsc::::::.c:::e:g±:°±:5o£:::r;n:Sin::::-tern
"IS/NFPA  CODES!.(HEALTH;1 ) (rL"AEILITY;3)(REACTIVITT;O) ,   Chronic  h.alth  hazard

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

ll=ALTH  RAZARD   INFORMATION

=Y£

EFFECT:             High  coAcentration4  of  vapor/nlst  "y  cause  ere  dl&comfbrt.

FIRST  AID:      ;::#g:g::  with  plenty  of  uat.r.    Get  aedical  attention  if  irrltatlon

PROTEC.I0N!     Nod.  I.quired;   however,  use  of  eye  protection  ls  good. induatrlel  practice.

EFFECT:

.SKIN

Prolonged  or  repeated  contact  can  defat  th.  €kin  and  1.ad  to  lrrltation
and/or  dernatltls.

rlRST AID:     i::i:ii§i8i!oi!;:::i:§£:::i:i:;a:i:::.an:¥:;.b:?::=i::::? C:::hi:gifal

PROTECTION:  .  Avoid  prolonqcd  or  repeetcd  3kin  contact.     Wear  protective  clothing  and
gloves   1f  prolonged  or  repeated  contact  is  likely.

EFFECT :

INHALATION

Vapour  harBiful.     High  vapor  concentratioAg   can  cause  headaches,   dlz21neas,
drovsineg8   and  nausea.     See  Toxicology  S®ctic)A.

FIRST  AID:        If  ®dver3e  ef fects  occur,   remove  to  uncontanlnated  area.      Give  art!f lcial
respiration  lf  not  br.athing.     Get  in.dical  attention.

1

PROTECTIC)N:      Use   With   adequate  ventilation.     Avoid  breathing  vapor   and/or  mist.      1£
ventilation   i5   inadequate,   use  NIOSH/MSIIA  c®rtif led  respirator  Which  vlll
protect   against   ctrganlc  vapor/mist.
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HEALTH   HAZAro    INFORMATION   -   CONTINUED

EFFECT:

FIRST   AID:
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INGESTION

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

If  swallowed,   do  NOT   induce  vomi'ting.     Get   lrm.diate  nedicel   attention.

FIRE   AND   ExpLOsloN   INroRAT[ON

FL^szapolm :              -4 5.I

FLAia{AELa   LIMITS:      UpPER:      7.6%      LoWER:      I.3S

AUTO[GNITION  TFTERATURE :                     495®F

EXTINGulsHING  MEDIA!    i!:::a®:pE:::::n:::dc::::t:,hi:#?ss{:£;.Ogr3&::ri::?.  carbon

UNUSUAL   rlR=  AJtD  EXPLOSION  HAZA!iDS:      Extrem.1y   flarmeble  vapor/air  nixture8   form.
.=xtlngulshment  of   f ire  before  sourc.  of  vapor   ls  shut  off  ce.A  create  an
exploglve  mixture   ln  air.

PRECAUTIONS:    £::g  :::¥ai:::  :i:i:i?A  6::I:::h(:6:&&a€:aS;A:i::t:a:?d  Open  fLaneB).

REACTIVITY   INFORMATION

DANGEROUS  REACTIONS!     Avoid  chlorine,   fluorlne  and  oth.r  Strong  oxldi8ers.

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

STABILITY:      Burning  can  be  Star..ed  easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

BOILING   POINT:                      80.I   TO                 430®F,   Range

8OLUE[LITY   ]N  WATER:      Negllgibl®,   b.low   a.1%.

SPECIFIC   GRAVITY   (WATER   a   1):                      0.75

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

VAJ>OR   DENSITY    (AIR   -i):                   3   TO               4
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STofiAG!  REQUIREMENTS:      8tor.   in   flammable   llqulds   storage   area.     Ke.p   container   claged.
Store   avdy   from  h.at,   ignltlon  sourc®s,   and  open   flame   in
accordance  with  applicabl.  federal,   state,   or  local  regulations.

SPILLS  AND  LEAXS!     Remov®   or   shut   of i   all   8ourceg   of   ignition.      Use   water   Spray   to

:i:::5::tvs::::iai`?::;::Ce::3;1:::i:gt , ;£±:::S#:;;.  C£::;i:u:Ao:A
Sewers  and  watervays.

WASTE  OI§POSAL:    §i:;::::  :3:ts£:lifda::::5:i:ee::tfa:;#:::b¥:a::a:::I;°si::::a:iL {ty.

local
unless

r!!uLations.     =ncloaed-controlled   lnclneration  1g  recommended
recced  oth.rvi€.  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   of   sewers   and  wat®rvays.      Avoid  strong   oxidizers.
Report   spllla   to   appropriate   authorities.     USE  AS  MOTOR  FUEL
ONLY .

TOXICOLOGICAL   INFOENATION

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

SKIN:    :;i:a:!L;;:a::ei::::?: L°gr:::I:ail;/:6£t::::bi:: }icu?:u::p::::::  i;5:h!:e::::e.

INIIALATION!      Acut.  tic50   20.7mg/i   (rats).

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

:::::a i::i:#::r:£t:y::?a::8:a:nEr:£:::th::Sa::£:£a€`::i3::: / s;:::£a ,  drove i-
depregalon.

ii#:;!i;!i!;:i#i::;fi::i:i!::::i!i:::i::;:ii!:!i!;:i:i::i;;:i!!;:ii:::::
!#:i!;::;:i::;:?::i:::::!§::::##;i;;i:::::ie::i:i::i:h#::a;::I:i¥:yThe
quest lonable .

]nhalatlon  of  whol.  unleaded  gasoline  vapors  did  riot  produce  birth  defects   in
laborator}.  animals.

Gasoline   ls   a  complex  fnlxture   of  hydrocarbons  and  coAtain€   benzene   (up  to  4

:::#:A:Ji  ::I::3:ea::A:::a?:;uk::i:?;:Ae£Pj£:::ea:: :!g:rL::S::s:fbi:::e::I:::s
(anenla).      8®nzene   is   considered  a  human  carcinogen  by   IARC,   NIP   and  OsfiA.

:::;.i?::::eh::a::i:A:A:nfa::::::: C:h:a:::eir:::::!°:ni°L:i: #!:i::#::e-
were   seen   ln  chronic  studl®s  on  xylene   ln  guln®a  pigs  but   not   in  rats.

Aspiration  of   this  product   into  the   lungs   can  cause  chezDlcal  pneumonia  and  can
be   fatal.     Aspiration   into   the   luries   can  occur  while  vcimiting   after   ingestion        .
of  this  product.



"Occiui5   :1    '9114: 12   CHGO   bl.ST   IMF.O_MGT   OFC_CENCC-Ill
MSO§    NO:        02003992

PAGE   04   0F   05

REGULATORY    ]NFORMATIC)N

H

`1

H

I
I
I
I
I
I

B

I

I

I

I

P.1£

c=RCLA   REpc)FTAELE   QuanTIT¥!
This   product   is   exempt   from  the  CERCLA  reporting   requir.in.nts   under  40   CFR
Part   302.4.     How.v.r,   if   Spllled   lnta  Waters  of  the  I)nited  Statog,   it  may
be   reportable  under  40   CFR  Part   153   if   lt  produc®9   a   Sheen.

DOT   PROPER   SHIPPING  NAME:      Gasoline,   Flarmdbl®   I.iquld,   UN1203.

OSLA  HAZARE  CormNICATION  STANDARE :    ::#:b:§n!i!#:  :i;:ii§::i::S§§i§!:=#:::A:;ts

RCRA   STATUS:

:I:;a:::a::tc::t:¥:j£::a::a:3ev::t::Rb::::a:6!tJ!o:::!A:a:h:n£:£:aving
Substance ( a ) !

cOMpONENT/cas  NUMBER-------------------------------~------------------
Ethylben2ene   (loo-41-4)
Toluene .  ( 108-88-3 )
Xylene   (1330-20-7)

•SARA   STATUS:

§§!a:!i::::!{::a::::::i::::;a:;#:i:::::{n#.::1::i:}t#L:A#:::::!i:&£;
§ECTIONs   3ii   AND   3i2   OF   smA  AND   4o   CFR  FART   37o:
This  product   ig  defined  ag   hazardous  by  OSHA  under   29  CFR  Pert  19lo.1200(d).

SECTION   313   0F   SARA   AND   40   CFR   PART   372S

#S:  #O#C:r£O::::n:;2?a  following  §ubgtances,  which  are  on  the  Toxic  Chenlca|s

COMPONENT/GAS   NUMBER                                                                                               WEIGHT   PERCENT---------------,-~~-------------------------,,I----------,1~----
Benzene   (7l-43-2)        .
Ethylbenzene   (LOO-41-4)
Toluene   (LOB-88-3)
Cyclohexane   (Ilo-82-7)
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATUS!     All  of  the  components  of  thl8  product  ar.listed  on  the  TSCA.Inventory.

S.u.PPLEMENIAL   INZ.`OAMA`l'ION

GasoliJ`e   is  a  complex  plxtqre  of  hydrocarbons.     Thoao  riajor  conponeAts  having
occupational  .xposure  linita  are:

Butane    (CAS   106-97-8)    ACGIH   TLV   800   ppm;   OSRA   EEL   800   ppm.

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

Ethylbenzene   (CAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   pp";
OSHA   PE'.   loo   ppn,   STEL   125   ppm.
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SUPPLEMENTAL    INFORMATION   -   CONTINtJED
n-i€.ptane   (GAS   142-82-5)   ACGIH  TLV   too   ppm,   STEL   500   ppm;
OsliA   PEL   400   ppm,    STEL   500   ppm.

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

P.Atan.   (CA5109-66-0)   ACGIH  TLV   GOO   PPD,   STEL   750   ppm;
OSHA  EEL   600  par,   8TEL   750   ppn.

Toluene   (CAS   108-88-3)   ACGIH  TLV  100   Fpn,   STEL   LEO   ppm;
OSHA  Pal  loo  ppn,   STEL  150  Ppm.

P.13

Trim.thyl  benzene   (GAS  25§51-13-7)   Aca"  TLV  25  pp";   06llA  PEL  2S  ppn.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   ST£L  150   ppm;
OS!1A  Pal   loo   ppm,   STEL   150   ppm.

IssuE   INFomtATION

BY`

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

IgsUED:     June   09,   1989
SUPERS=OSS:     March   18,1988

This  material  Safety  data  Sheet  and  the  lAfornatiot}  it  contains.  ig  offered  to  you  ln

3g::hf::t:c:: is:€u;:£. So::c::V:u::#:V:era:gn!:£;ra£:°8€::::: 1:a:t i?A!8ifa:::: ::e£:

i;:!i:ii!:;i!:;!i;:!i:i;;i;i::-i:#;:i:;:i:!!:i!!i¥::N¥;;:i;;i;i::::?!!:!i:::i:!!;:s
or  laplied.
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U.S.  OEPAFITMENT  OF LABOF]
Occupatlonal €-l®ty .nd-Holllh Admlnlllr,alloll ..

•MA,T-ERI.AL.`S'AFE-TY.'.DATA.rsHEE,T
•.     .     ...     .            -`.                                                                                                                                                                                                                             __.Jt

.

. ..SECT

•,._ION.I.

+A+^~^01\,bth. 't^|+I Tgrgf'g9r-ti!3011fton  Oh.nlc&1  Co,coTga`ME=__i=`aaJ;rat."6ffiihan.e. Ii.  6og22   `                                                                         '
e.+.wall.-A.I..^wO.rraNTut                            .I.-..`      .     .    .`     ..,`           ..    ..., 'x'ii#:uhEfgi`dwtffe.h.I

' Odloc^L ,^|*L, Owur^
Mixture

. .... I         .        .,.  SE.CTION  Il..HAZARDOUS.INOREOIENTS  .
P^iur€, PRE9EAV^tlvES. . €olvENT5 1 |V'unl'®) ^lloYS MO WEt^lllc COATINO8 ` TIV(Unl'|'

rower,a t,/A eAI, Wft^| N/A
I      cA,AL,eT

N/A Aua,a N/A
vewreLE

N/A
w.T~itc cO^Tt..es N/A\

thvtNT,
N/A

'||EA WET^|
N/AMug  CO^lI.{O OA Cof`€  Flux

^cO,',vt,...'N/A •ot",,,a..-...
N/A

•'k.ro........,. t'/A
}oLZAJ`cou® wi*TUFiE8 Oi oTiita ilouioe. soilos, OA O^sE8    .     . * |V(un''I'

\                 ,          ,__.

H.thrl.Alcohol                   I         .                                   .    ¢                    ..`"     ..         ...      `. 38 eoop

Nonv.1tihenol  gurfaotant              C^S  #    68412-gr4 001
•,I

hit]henvlmethane       O^3  #  2650L{.8-2             EP^  T9C^  List-Yes Tr,
'        '1     '1'I,

SECTION  Ill     PHYSICAL DATA
•Oii"e.OINT rF.I                                             .  -         +`. •NiA   .      ..`...`-. •pcciiico*^vii.ittdrii`   .      .   .     '     `

•g51"   I
•^ro. ht.aflt I- wi I

N/A
MnctwT volATL( »/AVolun6 '^'

'^~. OC.,I," ,^,.. , ,                         .        . . . ..    I .
\i

tv„OM,lotl I^,f
N`/A-I,''

aoiueriiTy in w^TtA
. "   .     i      i

I

^p.t^fi^A.C( Ang ooon
i.-....

SECTION  IV     FIBEAND  EXPLOSION  llAZAf]D  DATA                            ,    ..
ii"HroiwtiH~...al       I.a.a.112  F |^,.I,^eLtLwiTe    ``     '     '                  I             lal      '       I             u,,

I,

tltu`aul.HmawE"   in  chonio&|,co,  or  Aloahol  fo
"tciAwl.emH"a"fec£F|:Self.aorfulned.-tr®atfro:

I.'     ,i          -i

.                .~,       .

Wu%lt,.o.I `#'H`.°aet°reH¥^{EL  &|r  and  nay  tie:}el

aonBldenbl.  dlgtance  tci  &n  lgnltlon  8o a,

PAGE  (1)                                                                         (Conllnu.d orwever.a  lld;)
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SECTION  v     riE^LTi.I  H^zAno  DATA
'|`,n:iwh°tiL'#;;`#€oi.  2ooDom,   8  hour  time-"1ghted  average                                  '.
t'#:':g°t£Vo.;`.X'!.%'|'aohoua,   caueoe  b|lndn®gs,   p6rlnp8  deatrh     Inhal.tlon-N&=oo.1d.

hc.daah®i   n&usee,,   loaa  of  coilecloucn®oo.   BkLn-  DrylTIgi   lrz.1tatlon.   Eye-)umln6.
tT*£'®HSL|"o°n'l-&t#a3nc°€C°vu8#it|ng  of  coTiBa|oua ,person ,   call  M.D.   Inlnlatloni  R®nove

I)orE]ort  to  fresh  air.-Skin-  Redov®  cor]tamlnatod  clothing  and  w&.h  vlth  v.tea.
Ev.a-Flulh  .veg  vlth  t.&ter  for  &t  lea.st  lj  mln.  .6onteot  a  t}try.Lolan  lm.dl&tely.

:.                                             SECTION  VII     8PILLOR  IEAK  PROCEDuf]ES

•'j.ri'oO.e€|^®*#|'TC]C£9'.oL:^iedi^h9®'iL'rn'°£'6i.|LL#enti].aLted  &=.&e ,  .|irlti.te  ldltlon  .our...

Avau.Irun-off  into  Blorm  e®werg  a,nd  dltohce  which  lead  to  r]4tur.I  v&terw&y-

WA£TE  OIS.08^l LI€1t+OO

In`c®n®fatlon,  .blologlcal  treatment. of  dilute  t]olutlon.      I   .
.C

sEc.rioN vlii    spEci^L pnoTEci.ioN  INFonMATloN
I.a.m^to.T..Oitcliow is®.Oi. +a..                                                                   I

V€,',M.A,'Ol,
.w'h°€A`+:'b^t'£'ot}rlato  to  control  gmtlloye.  eJtp jaurtrc6^.`       .

ulc',^'''C^| , a,®®,,'' a,,,,,:.

•noitc i iv€ a`ov€. eLf£:#='iT BdLfetr_ ftoEHl.aaoa=£naJZL=i+  half    vea
a.Htn .nottcT.v. .ouirutN.

I          FACE(2)

I

.Heyrd 1 -9-90
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:mi!!sior, Seismic :x

PBOPERTIES AIJ;. SPECIFICATIONS

PIOSIV

EXCELLENT FOB "MINl-HOLES"
AND VERTICAL STACKING

These  non-nitroglycerin  emulsicJn  Procluc:S  are  packaged  in  cortvenier
one-pound,  one.half,  or`e.third.  and  Ctne-quar:er  pound  car`riciges  an
formulated  to  provide  a  seismic  Pulse  eqiJa!  to  dynamite  for  clear.  shai
seismic recorc!s.

AI:hoilgh  classified  as  high  explosive,  seispRIME/E  emulsions  are  nci.r
headache and  have excellgnt  resi5:ance to  act:ider.:al  cjetoriation  by friction  c
impact.

Spiral.wc..nd  1,'4  to  1;'2-pounc!  Paper  cartrieges  'are-easily  capped  an
waxed to sleep well.

P ROD UCT                                        E-1                E-1 /2           E-1 /3           E-1/4

Weight
Slze
S,yle
Density  (giTVcc)

Onepound     1;'2Pounc]   1® Pollnd   1/4 Pound
21/4x81/211;'2x811/8x8           1x8

Velocity (fps)  (un¢onfinec].)             16.500

De!clnation pressure                          loo
(kilobars)

Absolute Bulk strength                     685

(cat/'cc)
.Pejative Bulk strengtri                      120

(ANFOEIOO.)

S;IN                   S;IN                  S;NV
1.15                     1.15                     1.15

16,000           15,000          14,5C)0

loo                loo               loo

775              775              775

10S                  IOS                  105

PACKAGING
Available  in  fctur sizes  to  meet vertical  slacking  an

-mini-hc>Ie" applications. seispF]lME/E  in the one-poiin

size   is  packaged  in  thin-walled,  easy  couplin
cartridges  for  vertical  s:ackjng  or  larger  downhol
shots,

ln  the   1/2  tc)  1t'4-pound  sizes,  seispBIME,..E   i

packagec! in spiral-woijnd paper ca.1ricjges.
Al! sizes have exce!lem v,'aie.. resistance and can b

injtia(ed with a #8 strengt.n STATICMASTER aetonator

57IA7YCA445FEE.€`.  =iectri= [i3teriaters fo!w Seismic :xp!oratiot-i
DESIGNED  FOB  SEISMIC  WOBK  -  Exclusive  Atlas  eiec{ric  in,atch  provides  reli3bl

cietc7iiation  with  minimiim  lag  time  and  scatter.  Full  #8  strength.  explosive  output to  hel
insiJre initiation ot the seismic charge, even under severe conditions.

UNEXCELLED  PERFORMANCE  .  F3igid statistical quality control tests  are performe
on  all  components  ancl  on  the  completed  detonatc)r to  assure  reliable  and  consis:e,.
perfomance.  A tough,  hard  enamel  coating  under the  plastic  outer jnsulation  provic]e
additional protection against shorting o{ legwires under extreme cono.itions.

WATEB  AND  WEATHEB.PFIC}OF  .  Legwire  insulation  is  designed  to  withstan
extremes Of heat and cold  and the  severe conditions encountered in deep-hole  loadin€
All  detc>nators  ccintain  a  double-crimpeci  rubber  plug  to  provic}e  a  water-tight  sea
Excellent firing characteristics permit use in single-hole or multiple-hole pattern shooting

PROPEBTIES AND SPECIFICATIONS
•  Detonator strength -#8
•  Fiinctioning time scatter . Less than 0.001  second; even

lower as firing  c'Jrrent is increased
•  Re:cimmendec! tirirlg current -3 tc)  `. 0 amps  DC. 4 to  10

am3s AC
•  Wa...er immersion depth (max. tested) - 500 Ieet
•  Bric}ge\^Jire resistance  .  0.9 C)hms
•   Bet.ona{or shell  -  Gilciirig  metal

BEDUCED SENSITIVITY
TO EXTBANEOUS ELECTPICITY

i.  s]ec;a.  bric]gewire  and  the  SF  feature  in  the  electric  match
pro`.!o±  rec;ucec  sen5itivity  to  Slatic  electrlclty.

OPERATING AIDS
With  recommended  firing  c:urren!s.  STATICMASTEF\  electri

detonatc>rs meet all reciuirements tor series firing.
WAF}NING  -  Do  not  use  STATICMASTEB  electric  detonators  i
the same circuit with cither types or brands of electric detonators.

PACKAGING
STATICMASTEB  electric  cletonators  come  with  spoolec

duplex  copper  lead  wires  (yellow ccilor)  in  lengths  of  40'.  60'.  80`
100..120`,150..160',  200',  250',  300',  ancl  400';  and  in  shorts
legwire  lengths  (folded  c)uplex  wires,  yellc>w)  measuring  12.,  2C)'
and 24..
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SHEET

ATIAS   POWDER   COREANY
15301   DALLAS   PARICIJAY
SUITE   1200
DALLAS,   TEXAS      75248
TWX  910-860-5237

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

3.     Iffz]ICAL  "ERGENcy  TELEPHONE  tineERs:

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

TEE  RATERIAI.S  DESCRIEEI)   IN  HIS  DATA  SHEET  ARE:

RAZARI)OUS   CHEMICAL   INCREDIENIS

REVISION:      Oae

5.     cHp(IceL  Alto  cormoN  }IARE(s)   oF  EAZAroo8s  cE"ICAI.  MlxTURE/INGREDIENTs:

ApexLAll  Grades,   RXL  614,   RXL  615.   PcrverAN-All  Grades,   Bulk  Eaulsions-All  Grades

Major  IIazardou§  Ingredients  Include:
Ammoniua}  Nitrate
Diesel  Oil  (In  Some  Formulas)

IS CA                       GAS                            RTEC S
LISTED                     NO.                                 NO.

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

Note:     See  MSDS.for  Amoniua  Nitrate  I'1us  fuel  Oil

6.      PHYSICAL  AID  cE"ICAI,  CHARACTERISTICS:
Vapor       Flash    }!elting    Boiling    Speeif ic

Pressure    Point    Point°C    Polnt®C G=avitv
Hot,
EEL      £4±E    Appearance

Amoalua Nitrate
Diesel  Oil
mxtu=e

0                  d               155               190                I.725          83          None     fiihite   soli€
bd               nd                   nd       147.371          0.87            nd     Pungent  Broun  Liqt:i
Neg.           nd                    nd             1251.1   to   I.3     NA          None     tthi=e   Grees

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

Atmoniua  Nitrate  -DOT:     O:cldizer
Mixture    DOT  E]xplosive,   Blasting  Agent

a.     HEAL"  IIAZAREs:
.~--....-.

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

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

10.      PmMISSIBLE  ERTOSURE  LILHITS:         NO   Daca

Diesel  oil:     FlaEmable

------- u-t±. i -   _

Ref :   Regiscr:`'  of  Tclxic  Effects
o£  Chemical   Substances   (RTECS)

N  =     No   C:icerla  Match
Y  E    Poslcive  Crlceria  Match

per   RT£CS
nd   I     No   Deca
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11.      LISTINCS:

unERIAI,

AN
SN
SP.
EDI)N
I)a

I
I
I
I
I
I
I
I
I
R

I

FT

I

1'

F  .  3    3.

Emulsions/Ah.FO   Blet`ds
Page   2

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

i2.      CENERALI.y  Appl.ICABLE  pRECAUTIONs  roR  sArE  HAmLING  AND  USE:

trrclENIc  pRACTlcEs :

Avoid  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
pROT=cTlvE  mAstrREs  I>uR"c  REPAIR  AND  RAINrniANCE  OF  coNTAIc[NATae  EQulpENT ;

Use  nan  sparking  tools,  avoid  open  £1ane,  wear  nortnal  safety  equipment,
Sach  as  safecy  glasses  and  hard  hat.

PROCEDtJRES   FOR  CI,EANUP   OF   SPIL1,S   AND   LEAKS:

Bulk  Producc!     Isolate  and  cotitain  spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Re§porise  Assistance.
The  disposal  of  danaged  or  deteriorated  explosives  nest  be
carried  out  in  accordarice  with  all  Federal  and  State  Regulatior.s.
In  the  everit  of  a  major  spill,   concacc  the  National  Response
Ceacer   (800-424-8802)   and  the  local  Police,

13.      CONTROL  m=Ast]RES:

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

Wartilng§"  -found  in  every  shipping  case.
See  Insti[uce  of  Makers  of  Explosives  Pu.Dlica.tions.

WORK  PRACHC£S:      Follow  OSEA  Scartdards   for.Storage   and  Use   (29   CFR  1910.109)
Except  for  Bulk  products.   see  "I)o's  and  Don'ts  -Instniccions  and

Wamlngs"  -  £otiad  in  every  shipping  case.
See  Inscicute  of  rrakers  o£  Explosives  Publicatiotis.

PERSONAL  PROTECTIVE  EQUIplffNT :

Avoid  toxic  fumes  frota  blasting,  wear  nolr.al  protective  equiptDent,   .
Such  as  Safety  glasses.  hard  hats,  eec.

14.     EREROEh'c¥  AND  FIRST  AII]   pROcmuREs:
•,--          '   .        _

I)o  Clot  attempt  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area.    Avoid  toy.ic  funes  frota  fires.
h  cage  of  skirl  concacE,  wash  affec:ted  area  `.ith  water.     Eye  coricact  -
flush  eyes  for  ac  least   15  ulnu:es  and  cc>tisulc  a  Physician.

15.     DISCLAIRER:         The  above  lnformacion  taken  froa  various  published  and  unpublished
sources  ls  believed  to  be  accurate  and  rep:esents  the  best
|nfor=ation  currently  available  to  us.     Houever.  ve  make  no  t7arrat\t:,.
of  tbe  accuracy  ot-such  informacion,   express  or  implied,   and  assutae
no  liabllicy  resulting  fran  its  use.     Users  should  make  th€ir  oun

#:::C58:E±:3£a=°pS:;8::5?e  the  Suicabillcy  of  cbe  lnfortn€:ion  for
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`y'an Amburgh/.A;arrlo, Inc.
i2aePnrm"
1220 hkm Oedaa Bank Towe.

~

Soc.    o£   Explor.   Ge?..physic
c/o   Ks.   Geologl.cal   Survey
1930   Constant   Ave.
.Lawrence,   XS      66046

•1`

•dp

INVOICE
lNVOLCE O^TE "Vok:€ NO. PAC

11/18/91 40849 1

8HP     Fort   Bend   Co.   Delivery
TO

I

' -I..=f..,}.I.\;. :      .3arjE.q9a.-`E i   l`'iiT±Tun !    oiREifu    I   .   ..   ci`,:Eg"i...i.ac:-jrsE SHIP V!A Slilp DATE TEaus

.4JSTIST
--11/15/bl

S30
`.........

Our   Tr'uck 11/15/81 Net   30   Days

!                  ,TEN No. ITEM DESCRIFrTION

i            a.....`~ r,I. Orlr.:i.C`i=Ci CI.'.eNTrivstJIPPEC. -"<'JNIT 'Jt'ITpa'CE PP.lee IJNIT DISCCLiRT      i                  EXTENDED PF]ICE

D50408OOTr-12.000
80'    SW   STATICM STER c,rf

CUCLB;.%sAL.CLBCUI•,.,'i...........,.t;i.t.:',..,....,',t`,'-:•:,!~._

...,,..•.-....,.     .       ,.i::.i.;:.:il....,,:...:...'.....-....::•.....,:.....``..,..,.....•..`..-``•...;.::,...;...:..=-.-I....--a,~_2,Z9_

97  .  98.-..6.`56•.-..-..-,`12.000 EACH 816.50

0812533 SEISPRIME   E   1- /8X /3
•',I LB. .  , •t€-. ......  .  .164 .  00....

r........

•ri`Az:Art.Dbu§ . inTR

-

HNDl;
.. cllG                .  .  .    . •    .,,   ...•..,    -. , ,,-- .   .  giv,1,4.26.78I.,3.....,-•,..,•-`

'.:.,.       ..-'..  ...   ;     .I   .1.000,.` I.*SAL •.'..   -`.I  ...    .'.       ..'   .3.;   1.4`.'-.

•.  . `.•E..R;C.C.-    HIGH
EXPLo

•.IV'E S

'n              .        4.000'900000006 4.000i}.R.C.C.-BET LBNATOR e;506.50•\'......I.,I,;:-,..`,`? `._,,,`.:,::...;`.`'\.

I                  12.000I-`'II,,I-...n..`".'.-..,.',
12  .  000•..,,,®,...`,.,•, EACHI..

.•'1;...i;-.: ,i:(-:.-.`,.',,..?1i.`::.73 J//f
•-;D  J3/f 3i`.I.....,

•„C
`]

sALESAMounTl                                 io8. 72
Oocl'

I MISC. CHAIGEs I                                             . 0 0
SALES AMOUNT 108 . 72
Mlso. CHAF`GES .00

F"EIGIT .00
SALES TAX

TOTAL a
_.        ,       LO

PAYMENT RECO


