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Disclaimer

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



KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

I.          PROTECT DESCRIPTION

Project Name:                       Seismic Deployment Experiments at clinton Lake

Location :                                Douglas county, Kansas

Site safety officer:                Richard D. Miller

Plan prepared By:                 Richard D. Miller

Estimated Duration of Field work:   2 days

11.        STATEMENT OF WORK

Development and evaluation of seismic data enhancement and attenuation
methods using spread geometries could lead to significant improvements in the signal-
tomoise ratio of some seismic data sets.  The unique arrival patterns of the various
acoustic waves provides opportunities during generation and recording to filter specific
types of energy through modifications of source and/or receiver geometries.  The
Kansas Geological Survey proposes to continue collaborative research with Exxon Pro-
duction Research (EPR) focusing on development, design, and evaluation of several
seismic recording strategies for the study of acoustic wave propagation patterns.  This
study of acoustic waves patterns will require the use of a particular test site with a par-
ticular geologic setting.  The proposed experimentation will incoaporate state-of-the art
equipment with careful design criteria.

The particular source/receiver configurations tested will complement previous
tests designed to evaluate the ratio of various body wave and surface wave arrivals.
TThe testing will take place at the Clinton Lake test site.  A rolling area geophone spread
consistent with previous tests will be studied using an accelerated weight drop.  The
experimentation will be a followup of research work completed during December 1997.
TThe testing will involve three parallel lines of geophones and the accelerated weight
drop.  During recording, other impulsive sources will be used to generate off-line noise.
The spread will be rolled through with and without noise from the off-line sources.  The
lithologic section at the Clinton Lake test site is highly conducive to shallow seismic
reflection imaging consisting of alternating limestones, shales, and sandstones generally
overlain by a thin (1 to 3 in) soil veneer (Miller and Weis,1995).  To observe the full
effects and development of the acoustic wavefield, incremental movement of specific
receivers relative to source locations will require open areas with dimensions on the
order of 0.1 kin by 0.5 kin.
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Recording equipment will be research quality with minimum noise character-
istics,  The seismograph will be a Geometrics Strataview possessing 24-bit dynamic
range and 96 recording channels.  It will be interfaced to the deployed receivers through
a 240-channel roll-along switch.  Appropriate time zero conditioning will be necessary
to ensure a precise zero start time for each of the uniquely different acoustic energy
sources.  The cable and geophones will be in good condition, permitting a number of
unique layout geometries.  Geophones available for testing will include L-28E 40 Hz,
L-40A 100 Hz, L-28A 30 Hz, and GS-20D 10 Iiz (40 strings).  To simulate as closely as
possible conventional seismic data, 15 Hz geophones will be used to record the test
data.  The exact specification of these phones is not yet known.  They will be rented and
all pertinent informaition is not yet available.

The equipment and recorded data will be continuously monitored during
acquisition to ensure the highest quality.  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.  The system will be subject to a series of pre-acquisition tests designed to
ensure the integrity of the time break system, consistency in system noise, and security
of digitally stored data.  Visual analysis of signal-to-noise ratio, environmental noise
types and levels, DC bias, and variations in the optimum recording window will be
routinely performed on field plots.

It is anticipated that testing will require 2 days to complete.  The acquisition of
the data for this test will require a single configuration of sources and receivers.  It is
anticipated that 100 shots may be necessary.

Reference

Miller, R.D., and T.V. Weis, 1995, Feasibility and resolution of shallow seismic reflection techniques in
northwestern Franklin, southeastern Douglas, and Osage counties in Kansas:  in N.L. Anderson and
D.E. Hedke, eds., Geophysical Atlas Of Selected Oil and Gas Fields in Kansas..  Kar\sa,s Geohog±cal Survey
Bulletin 237, p. 83-87.
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IH.      RESPONSIBILITIE S

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 Exxon Production Research qpR) as well as those included
in this document.

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

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

2          If conditions become excessive (i.e., temperature > 100° < 30° F), continuous day
operations will be modified to minimize chances for heat- or cold-related medical
problems.

3.         Appropriate field boots will be worn and due caution will be exercised with
respect to snakes, ditches, swampy areas, and ground debris.

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

5.         In the case of excessive cold weather, a sheltered area will be available with
inside temperatures above 32° F.

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

7.         Appropriate drivers licenses will be held by operators of vehicles at all times
COT regulations).
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IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.         Rick Miller q(GSLsite safety officer

2.         David Laflen (KGS)apperations

3.         Jacob E. Stone (EPR)LDelegated Representative and site consultant

4.         Joe Anderson (KGS)-Line chief

5.         ]ianghai xia (KGS)-Technical specialist
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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, cold, plants, animals [snakes, etc.])

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

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

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

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

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

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

The following people were present today:

Nanie. (PRINT}                               C omp any Sienature

Site Safety Officer
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SI)ecific Safetv Reaulrements

Personnel Safetv EauiDment:  All personnel will be provided hard hats, safety shoes,
hearing protection,-an-d eye protection while working in the field during the seismic
data acquisition phase of this project.  Equipment appropriate for the site will be worn.

Vehicular Safetv EauiDment:  All KGS vehicles and the ammunition vehicle will be
equlpped with `a fir-st aid kit and a fire extinguisher.  A portable cellular phone will also
be available in a 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 €arrying the blasting ammunition.  The blasting vehicle win 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
EPR 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 project vehicles.
Emergency call numbers and evacuation routes are included in the safety plan available
in the seismic trailer.

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

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

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

3.         Always maintain a safe distance away from any of the explosive seismic
materials and devices unless you are specifically authorized or trained to handie
these materials.  Keep persons not authorized in the use of these materials away
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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 warning 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 indudes any time when operat-
ing a company vehicle.  Failure to obey this policy may result in immediate
termination of employment with KGS.

11.

12.

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

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

Ambulance:                                      Douglas county Ambulance service
Emergeney

Hospital Emergeney Room:           Lawrence Memorial Hospital
24-hour Emergency Department
Patient Room Information

Poison Control Center:

Police:

Explosives Unit:

1-800-332-6633
To report toxic chemical and oil spills

(National Response Center)

Lawrence Police Department
Emergency
Dispatch
Highway Patrol (Topeka)
FBI (Topeka)

8Ir£J777
911

749-6162
749-6105

1-800-424-8802

911
832-7650

1-785-296-3102
1-785-235-3811

(if no answer call KCMO 1-816-691-8200)
KU Police Department

Emergency
Police Department
Office of Public Safety
Emerg Communications and Records
Security and Emergency Planning Dept

Lawrence Fire Department
Douglas County Sheriff

Lawrence Fire Department

911
864-5900
864-5901
864-5913
864-5908
832-7600
841-0007

832-7600

State Environmental Agency:        Kansas Department of Health and Environment
Division of Environment

Ron Hammerschmidt, Director
Forbes Bldg 740 785-296-1535

Client: Young Kim, Exxon Production Research
Ph. (713) 966-6156 / Fax (713) 966-6333

Emergencv Contacts

Safety Coordinator and Project Manager
Rick Miller, Kansas Geological Survey

Office:  785-864-3965
Cellular (in the field):  785-766-8636
Home:  785-748-0842
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Emergencv Routes
(Inclu-de r6ad or other direction; attach map with routes highlighted.  To be filled out by
Site Safety Officer.)

Directions from the ainton Lake site to Lawrence Memorial Hospital:

From Model Airplane Field
Douglas County Road 458 is along the South side of this site.  Follow 458 East to US 59.
Turn North (Left) from 458 onto US 59 and go to 6th Street (approx 41/2 miles) (US 59
becomes Iowa Street within city limits).  At 6th Street turn East (Right).  At Maine Street
turn North ueft).  There are stoplights at all indicated intersections within the Lawrence
city limits.  Lawrence Memorial Hospital is between 3rd and 4th Streets on Maine.
Follow signs to the Emergency Room on the north side of the hospital.
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Procedures

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

Several members of the KGS crew have certification in CPR/First Aid through
12/21 /97.  This certification was received through participation in the "Standard First
Aid" and "CPR for the Professional Rescuer" programs presented by the Red Cross of
Lawrence, Kansas.  These classes are approved by the U.S. Department of Labor, Mine
Safety, and Health Administration and meet or exceed OSIIA requirements.

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

Certified in:       First Aid       CPR              RIck Miller

Certified in:       First Aid       CPR             David Laflen

Certified in:       First Aid       CPR             Toe Anderson

Certified in:       First Aid       CPR             Tianchai xia

Certified in:       First Aid       CPR

Fire/Explosion:  Upon notification of a fire or accidental explosion on site, the fire
department shall be notified and all personnel shall leave the area.  Since only Class "C"
shotgun ammunition may be used as part of the program, local fire, police, and other
governing authorities will not be contacted prior to the use of such devices.  In the case
Class "A" explosives are used, prior consultation and contact will be made with the
appropriate emergency response groups.

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

The purpose is to evaluate different source-receiver geometries.

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

The downhole .50-caliber seismic source consists of a .50-cat. rifle bolted to a
0.6 cm thick steel plate.  The rifle itself is a standard .50-cal. breech and bolt, built by
Texas Gun and Machine Company, attached to a standard .50-cal. machine gun barrel.
Machined grooves in the barrel are used in conjunction with a pressure damp to attach
the rifle to a 30 cm by 90 cm steel plate.  The rifle barrel is lowered into a 60 cm to 80 cm
deep borehole 4 cm in diameter until the plate is flush with the ground surface.  This
steel plate acts as a ground seal and a platform to stand on while firing the gun.  The
weight of the shooter on the plate and the snug fit of the barrel to the borehole walls
help seal the gun to the ground.  The rifle can be equlpped with a source sensor or
closure switch to generate a time break.  Firing can be done either electrically by
solenoid or manually by pulling the trigger.  The downhole .50-cal. weighs about 30 kg
and is easily two-person portable.  Safety rules for the use of the .50-cal. seismic gun are
presente as an appendix to this plan.

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

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

A.       Workltem.. Use of class ''C" Shotgun Ammunition

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

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

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

Specific shotgun ammunition safety measures are as follows:

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

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

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

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

Douglas County, Kansas Page 16 April 1998



•    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.

Transoortation.  Transportation of the 50-cal., auger guns and ammunition is on a
standard one-ton flat-bed four-wheel drive truck and gooseneck trailer.  The ammuni-
tion 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 ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2,000 rounds of ammunition will be transported to this project, packed in quan-
tities of 160 per ammo can.

8.       Wockltem_.. Traf f ic control

All regulation concerning rightof-way and traffic directions will be observed.

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

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

C.        Tl\1ork Item..  Bolt LSS-6 Land Air Gun

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

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

mented in the owners manual.
2) It is critical to always be aware of anyone near the device.
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3) The raising of the gun for transport and lowering of the gun just prior to detonation is
done with only part of the gun visible to the operator.  It is critical that no one
comes within 50 ft of the gun while in operation.

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

D.        Work Item:  Mi.#i.V®b

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

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

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

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

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

E.        Work Item..  Accelerated weight Drop

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

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

50 ft without hearing protection.
3) All shields are to remain in place while in operation.  Routine maintenance, requiring

removing shields, can take place only when the loader engine is off .
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4) The operator can exit the vehicle only when the weight drop is in the full down posi-
tion and solid contact is made with the ground surface.

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

F.          Work Item:  AZJ Te7`.I.ai'7. VeJzt.cZcs (ATVs)

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

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

2) The Ga±Qr is designed to carry the seismograph and 12-volt batteries.  This vehicle
never travels more than 10 mph and spends over 99°/o of its time parked along the
survey line.

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

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

VH.    TRAINING

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

VIII.   PERSONAL PROTECTIVE EOUIPMENT

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

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

Long-sleeved shirts and full-length pants
Leather steel toed safety boots
Hard hat (when site requires)
Eye protection
Hearing protection as required by OSIIA
Orange vests along roadways

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

IX.       SAFETY ANALYSIS

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

X.        ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated and determined minimal
at more than six U.S. Government facilities (Y-12 0RNL, Oak Ridge, TN; WAG-10,
ORNL, Oak RIdge, TN; Paducah Gaseous Diffusion Plant, Paducah, KY; Nevada Test
Site, Las Vegas, NV; Fort Ord, CA; INEL, Idaho Falls, ID) as well as BLM and DOD.

XI.       HANDLING AND DISPOSAL OF UNEXPLODED ROUNDS

The handling of live ammunition will be in complete compliance with sections VI.A.
and seismic gun operation procedures (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
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will be placed in the metal container used for the storage of spent rounds.  If the round
is an 8-gauge it will remain in the sleeve for a minimum of 20 minutes after placement
in the metal can prior to being placed in a metal can and locked in the steel containers
attached to the truck.  If it is a 50-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.

XH.     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£.rc"7#s S¢/{3fy.
DOE Report DOE/EV/06194-3, DOE £xpJos£.t7cs S¢/try Mfl7iowJ.
ID Appendix 0550, Sf¢7tddrd Oper¢fzomzJ S¢/Gfy Rc7wi.rc77tc7€fs, 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

Douglas County, Kansas Page 21 April 1998



SAFETY   ANALYSIS

Page   I

Pg_ten_t_ia_1_Hazard

Lost/Stolen  Ammunition

Durinq   Loadinq/unloading:

Dropped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   Firinq:

Muzzle  Air  Blast

Ricochet

Fl ashburns

Conseouences

Personal   injury  or  property
damage   from  unauthorized  use.

Personal   injury  from
accidental   discharge.

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

Personal   injury  from  flying
rocks,   soil,   detiris.

.

Personal   injury  from
ricocheting  projectile  or
fragments.

Burns   from  muzzle  flashes

Mitiqation/Prevention   Mechanism

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

Assure  training  of  personnel   in  proper
handling   of  live   ammunition.

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

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

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

Discharge   into  earth  or  containment  device
suppresses  muzzle   flash.



SAFETY   ANALYSIS

Page   2

Potential   Hazard

Misfire

Accidental   discharge  of
seismic   gun

Plugged  barrel   -dirt

Plugged  barrel   -water

Barrel   disengagement  from
pl ate

Breech  disengagement   from
barrel

Durinq  Transi)ort

Accidental   discharge

Consequences

Personal   injury   from
subsequent   accidental
discharge  of  misfired   round.

Injury  to  untntended  target.

Damage  to  barrel   and
resultant  personal   injury.

Damage  to   barrel   and
resultant  personal   injury.

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

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

Injury  to  unintended  target.

Mitigation/Prevention   Mechanism

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

Assure   that  operating  procedures
prevent   transport  of   loaded   seismic  gun.

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

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

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

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

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



SAFETY   ANALYSIS

Page   3

P_otential   Hazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechanism

Mitiqation/Prevention  Mechanism

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



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

I.         Handling (always assume loaded and ready to fire)

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

1.          In field:

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

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

8.        Cle aning

1.          Daily:

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

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

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

least 3 times a day.

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

rod
R/R bolts and nuts that 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 loaded with no one standing on plate
With one person on plate
With knees locked
Extract a shell in less than 2 minutes that does not detonate
Without both operators aware of detonation
Drop a loaded round
Return a mis-fire to live round canisters

2



March   24,    1987

MANI)ATORY    SAFETY    RULES     FOR    USE    OF    TtlE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun  i§   powerful  and  must   be   securely   positioned  when
fired.     Danger  exlst§  not  only  with  the  bullet  projectile,   hit  also  wlch   the
recoil  of  a  loose  gun.     Be  sure   that  all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  object.     If   the  gun  is   jamming  or  s[ick-
1ng,   clean  lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will  help
avoid   the  cohesion  of   dirt   and   sand   to   the   parts.

Operatloaal  Saf ety  Rules

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

2.     Arm   the   g`ir`  ONLY   when   the   gun   is   in   po;.1tlon   to   be   fired.

3.     ALWAYS   unlock   the   bolt   when  moving   the   gun   (disam   it).

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

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

6.     ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all  mounting   tx)Its   are   Ci8ht.     Do   not   .force   tl`e  gun   down  an
augered  hole.     Re-auger   the  hole,   if   ne.cessary.     Be   sure   ttiat   the   base  plate
rests   on   the   grourld.     Ha`-e   two   people   stand   on   the   plate  .*.nen  £1ring   (flex
knees   to   absorb  the   shock).

If   the   hole   has   water   ln   1[,   seal   the  muzzle   of   the   gun  w.i.Ch   tai>e   or   a
balloon   Co  keep  water   I ron  seeping   into   tl`e   barrel.     Avoid   th.1s   situation,   i£
possible.     Water   in   the   baLrrel   inay   seriously   damage   the   gun  when   fired.
Injury.  is  possible.

Surface  Hode

Be   sure   all  mounting   I)olts   are   tight.     Carefully   protect   the   breech,
trigger,   and   bolt   when  novlng   the   apparatus.      THE   TRIGGER  IS   EASILY   BROKEN
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OPEPATIONISAFETY PULES AND BEGULATIONS
FOR ll|E

AUGEF]  GUN

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

operation    and    Safetv    Reclulations

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

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

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

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



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

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

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

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



hprovedSha]lowSeismic-ReflectionSouroe:BuildingaBetterBuffalo

John Healey, Jae Anderson, Richard M_iller. Decln Keiswetter, Don Steeples,
and  Brett Bennett, Kansas Geological Suruey

SUMMARY

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

INTRODUCTION

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

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

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

DEslGN AriD TECHNIQUE

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

The auger gun consists of three main
parts:   power soLirce (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 wit,h the weight
of the loader placed on the plate.  The hollow-stem
auger flight is then screwed into the ground using a
gaging device designed to ensure the flight is screwed
into the ground at a fixed rate and no material is
removed from the hole.   Screwing the auger flight
int.o the ground accomplishes both exceptional blast
contailiment and minimal  residual borehoie.   After
the auger flight is securely screwed into the ground
80+ cm, t,he modified buffalo gun is loaded (by sliding
the gun over a shotgun shell), lowered down the
center of the hydraulic drive head, through the
hollow stem auger flighting, and seated into a sleeve
at the base of the auger flight.  Watei. can be poured
through t,he hollow stem auger prior to downhole
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placement of the buffalo gun to improve source
couple.   Once positioned, the gun can be fired by
eit,her a hammer impact on the top of the firing pin or
with  an electric solinoid.

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

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

RESULTS

Data acquired for this test `vere recorded
on an hput/Output DHR-2400 seismograph with no
analog low-cut filtering.   Tbe sampling interval was
1/2 ms and record length was 500 ms.   The receivers
were three I-I-28E Mark Products 40-Hz geophones
wired in series and 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
L`;,gher with the auger gun with verv litt:le differeiice
in the doininant frequency on either field file.
Reflection information is not directly interpretable on
these Shot gathers.  A 150 Hz dirital low-cut filter
reveals a strong reflection present on both files at
approximately 80 ms (Figure 3).   The low-cut filter
does a good job of removing the ringy refraction
arrival clearly dominating the upper 120 ms of the
unfiltered files.  Some subtle indications of 50 Hz

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

Amplitude spectra suggest the auger
gun produces  more useable seismic energy per grain
of explosive than the traditional buffalo gun (Figure
4).   Almost 25 percent more energy is present on the
auger gun spectra in the 30- to 70-Hz range than the
equivalent buffalo gun spectrum.   Little or no
observable increase in the amount of recorded ground
roll can be observed on spectra of unfiltered data.
Peaks in the spectra around 90 Hz represent
reflection energy at this site.  The auger gun delivers
almost double the recordable high-frequency
reflection energy of the 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 and the bottom of the screw hole reduced
total recorded reflection energy almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy by over 50 percent.   Signiricant
variability in frequency and amplitude of the recorded
energy resulted from slight changes in the downhole
environment.   These subtle changes and their
resulting effect on the seismic data are indicative of
how the near surface aLcoustically responds to gun
powder  explosions.

CONCLUSION

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

containment
screw guide

Fig.  1    Diagram represents the  auger g`m 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  MacAulay,  1987).
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I)o.nl`ole   .50-c.1lber  klfle-.a  ^dv.nee   ln
IILgli-rl.eoLut:Loo   Solo-Lc   Source.

I)on   W.    Stcei}le8,    Rlcl`at.d   0.    ,Ylllcr,    Ralph   W.    KI`app,

Xai`s.is   Ceologlcal   Survey.

SU-Y
In   a   d(rect   coopArl8on,   the   dovnhole   .50-caliber

set.IaLc   eou[ce   produced   bore   sclenLc   energy,   a
broader   body-v&ve   frequency   spec[riio,   .a  .i]pl.1tude
dt.op   ln  the  alt-coupled  v.v..   .I)d  .  tilgher  do-1n.nc
I requency  of  th.  r.cotded  body-vlv.  efier8y   than  tl`e
•1lei`ced  .urf.cc   .50-c.llber  .ource.     Th.  record.d
•el.dilc   ef`ergy   of   [l`e   dovnl`ole   rLf le   ehoved   .n
lncrcaeed  4opllcude   of   6   (a   12   dB   over   [l`.C
recot'ded   by   tl`e   .11ei`ced   .urf.ce   rlf le.      The  doqL1-
n.At   f raquet`cy   of   tlle   recorded   I.ef lecclor`   energy
v..   con8lstencly   20  Co  40  Hz   hl8her   than   the  eur-
flce   .LfLe.     The  .l[-coupled  v.ve   .qLpll[ude   vac
decre..ed  over  12  du  by  .ub.ut'f.ce  I lrltig  of  the
rlf le.     Th.  ft'equency  .pectr`-of   [I`e  body-rave
pul.e  va.  bra.dened  by  .I.a.[  .  A.lf  OCC.ve  orL  the
hl€I`  etid.    Tlie  ..fecy  of  oper.tloa  of   the  .ourc.  1.
flo(  co.protiL8ed.    kefl.clot.  vlth  .  doala.tic  fr.-
quency  ln  .xce..  of  loo  llt  c.a  be  ...lly  ldet`clfled
oo  fl.ld  I I.I..  .[  depth.  of  1...  th.a  30  .  u.log
th.  do`ti`hole  .50~c.lib.I  rl[1e.    Id.ac1£1c.Cloa  of
loo-llz  r.tl.ctoc.  fro-I.loo  .i.  po..1ble  oa  fl.ld
[11e.  of  .ultlple  verclc.1ly  .[.cLed  do`mhole   .50-
c.lLber  .l`oC..    The  .ource  vlll  oper.Ce  ln  .a
ef I LCLef`t  -ann.[  coil.cclfLg  COP  d.C.,   coonon-of feet
d.t.,   o[  .pot-corr.1&tLon  da[..

INIRol)tJCTION

tn..I.|.in(ni!  ciw(rolli.cntA1  and   cn8Ln.er(rl8  Appll-
cq((o."  .(   rc[Lec[loli  .eL.-olog]r  li4ve  .purr.d
f.a.a,1rcli   md  develo[)aen[   of   .h.1\ov  l`1&h-re8oLu[lon
rerLeccl.u.`   t¢cl`nlqu¢®   «i`d   equl|».en[.      R¢soluclol`   ou
tl`e  ot'der  of  .  .eter  i.  ri.ce..at.y   [o  de[ec[  ulcr&-
•IIALLor  ta[gec.  whLcl`   .[e  €er`er.lly   the  goal  of
•o*[   envlroi`.er`tAl  md  engtf`eerLng  .tudte..     This
Lncrea.cd   rc.oLutlon  c®fi  bc  ob[alaed   by   boo.[l.ng
tl`c   (rl.quQI`cy  o(   [I`c   .ource   p.ilse  vhlcli,    Ln   turri.
1f`creaee.   the  dol]ln.TL[   (requeticy  of   the   recorded
•eLSALc-refJ.ectlon  energy.     C.net.[1ng   the  lilgh-
f [equency  .eL..lc  eource  pul..  riece.eery   for
•h.lLov  .ppllc.tLon.  h..  b.eri  acco.pllsl`ed   lr`  .
-uL[1[ude  of  dlf [eren[   v.y.   1fl   the   p&6c   (Xlller   e[
.I.,1986).

A.cent   .c(.aLc  .ource  adv.t`ces  &t   tt`e  Kan€a8
CeologLcal   Survey   (KCS)   hlvc   -alnly   revolved   .t'ound
•urf.ce  projectile-type  .ou[c..  {S[e.pleg  .I`d
XJi.pp,   L982:   111ll.I  .nd  S[eepl..,   1986:   Seeb.r   .nd
St..plc..   1986).    A  .SO-a.lib.r  rl[le.   which  .as
desl8t`cd  and  bull[  Co  ..f.ly   fire  .  730-8r.1n  bul-
let  v.r[(cAILy  tt`to  [1`.  ground,   h..  Bor.   recently
been  .d.I.ted  to  op.I.Cc  p.rcl.ll}  und.rg[ound  vl(l`
ooLy  tlie  flt'1I.g  .pp.rltu.  &bove  &roond.     Thlf  .I-
love  .ate  oper.clod.,   .  til€her-f [equcncy  €oiirce
pulse,   .tid  .n   lt`ct.ceeed   .1gnal-to-nol.ee   tatlo.

P±..5.(.t:.q.4.N.t!.:I.Hi€Ll.«.(.qg_G.

TIIc   r,... icr;il   deslgn   cei`Cers   around   oiitlnt7.Ini..   ct`e
coi`vcr#l.ul`   {i[.   ci`|.rgy   iiroducl.a   by   a    .5u-c.|llbl.r
rtf li`   h`il.I.!t    Into   -elsmtc   (acaustlc)   .dve8.      Tl`c

iiaJorl[y   of   the   energy   produced   b/   a   .50-caltber
round   €oe8    Lnco   acceLet.acLng   cl`e   projec[Lle   ar`d
lnco   e)chau€C   gases.      Prevlou6ly,   vl[l`   above-ground
•ourccs.   ve   have   sLlenced   aT`d   dispersed   the   ex``aust
8a8e.   Ln  hopes   of   elli]1rl.Cln8   or  ac   lca6C   8rea[ly
reduclf`g   the   ef feccg   of   the  air-coupled   vave   of)
eel.dLlc  data.     The  dovnhole   .50-caliber   rlf le
nearly   31nul[ai`eously  exclce6   the   e.rcl`   vLcl`   a
projectile   and  vL[h   ei(hauec   gases   vhll.   con[aLnlf`g
do8C   oC   the   all-coupLed   vavc,    resultll`g   ln
lf`cre.eed   f rcquency   .nd   sl8nal-[o-t`olge   [atLo   ot`
eel8qLlc   record   secclons.

The  downhole   .50hcallber   8elsi-lc   .ource   con®1.C8
of  .   .50-c.llber  rlf lc  bol.ted  to  a  O.6-cq]-tl`Lck
•[eal  pl.te.     The  rifle  1[..elf   ls  .  .C.f`d.rd   .50-
c.lib.t  breech  .nd  bolt,   buLIC  by  Texa.  Cufi  .t`d
M.chlnc  Collp&ny,   .tt.ched   [o  .  .t.nd.rd   .50-a.1Lber
-.chlne-€ufi  b.[rel.    X.chLned  €[ooves   ln  the  b.rrel
•rc  a.ed  ln  conjuficcloo  vl[l`  .  pr.I.Ore  cl.dp  Co
•t:C.ch   Che  rlfl.  Eo  .  30-ci-  by  90-cit  .[eel  place.
The  rlflc  b.rr.I  1.  lol.er.d  lnco..  60-to  80-ce-
deep  borehole  4  ca  ln  dl.qete[  unttl  the  plate  16
I lu.t`  vlcl`  the  groond  Sut'f.cc.     This  .tecl  pl.[c
•cte   &e  .  gt.ound  Seal  and  .  pL.[foTit  to  .C.nd  on
vhlle   f lrlng  the  g`iti.     The  velgh[  of   the  .hooter  oA
tl`e  plate  .nd   the  .nug   [Lc   of   chc  bat.rel   to   [l`e
borehol.  valli.  help  feal   Cl`e  gui`  to   Ct`e  ground.
The  rlf l®  c&a  be  equipped  vlth  a  source  .en.or  or
Cl.o8urc   #.ttcll   to  8¢.icr.it.?   jl   tli.c.   hrl.ilk.      Ftrti`t!
can   be   do.`e   elcl.a.   t!Lccirlc[illy   by   s.ili.i`old   or
lil.m`i^lly   by   p`.lllnr.   tlii`   rrli..I:I!r.      Tl`i.   .li..Iiliiilc    .5u-
calLbcr   vel€lis   4boul   J(J   tg   ;IiiJ    I.s   |...isLLy   loo-iit!ri;uii
port.bLe.

I`.kE()Ul{;NCY    ^«11   A-J'l.I llll)I:

Tl`t!   dowi`l`olc    .S0   c;.llh.:r   it..uJ`i{:|'i    Cru..   6   [o   12   tll!
g[eacer   reco[d&ble   scls.`Lc   ei`ergy   a:   equLvalef`c
of£S.C8   tl`an   tl`e   Sllenced   surcacl.   .50   cal[ber   (fl8.
I).     The   lncreaced   recorded   ai`erg}.   boo8Cs   the
$18f`.I-Co-noise   er`ough   to   s`ibst.nt!aLLy   cl.an  ui)
Cbe   record   8eccloti.      The   source-[o-closest   geop``one
of feet   ln   flg.   1   1s   43  a.      Besides   :lils   no[lceable
increase   ln   recorded   .els.1c  energ:..,.  coast.cent
20-40  llz   boost   ln   tlle   doalnli`t    f [€q`ie.`cy   of   [1`1.
8ource   wavele[   1s   cl`ar.c[erlsclc.

•    (n  p[.vlou.   .h.lLo`+-|ource  coop.:i6ong   (Miller   e[
•1,,1986),   the   sucfac€   .50-caLLbe:   i}€r(oraed   coo-
p.rAtily   to  uLnl-Prlaecord   and   a   LO-3au€c   But fAlo
gun   ln   total   el`er&v   and   i rcq`iei`cy   I ?ectrufl:.     The
i`oced   lncrea.c   18   I requeacy  .ilid   en.r3y  vould   rmke
the  dovwhole   .50-c®lLb<r   r(fle   co.|p``r.ble   to   the   8-
g&uge   Buffalo  gun  vhLch  va8   .iiaong   :he   beet   sources
Cegccd   for   reflc::!on   .r`€r8y   versus   3rou``d   roll,
toc®l   energy.    |nd   f requei`cy   a.a.`Ce.`c.

S^'.'':'L`Y

S`,(t=ty    g',u"lll    hl.    '',     I,,`.    ,,1",.`,:11 ,,., `:1.,.,,     il ,..,,, ).

1woli;9i..`.c:lil:li:   ::i.`:.r`_:="      Tli|.    rlrle    Ls          i
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Surface   50-caliber   F3ifle  -vs-D'ownhole  50-caliber  F3ifle
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this  Single  shot  canparison  plotted  true  amplitude  with  identical  recording
Parameters  clearly  shows  the  increased  signal-to-noise  and  the  improved  freguE



Downhole  50-caliber  Bifle

Field   File

10  meters
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FIG. 2._  +his  Sinol_e-Sho_t  fie_ld  file  wit`ri  an  AGC  apE.lied   illust_rates  the  high  fr€g!±±ELci€=
and  therefore  the  resolution   easily  obtainable  v..i=h  a.dovnhole   .50-cal.



FIG.  =`.

85  msec  F`eflector  Wavelet
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frequency  (Hz)

=PLe_aEmp±E±eL=pec tru!` ££  the  r ef ler±±e± ulse  at  85 r,secj.S   a]moLsi 3._octaves



Eight   Shot   Vertical   Stack

Downhole   50-caliber   Flifle

20  meters
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This  stacked  field  f ile  has loo  Hz  ref lection as  deep  as  1100  meters.energy



3|in
OCEAN®   Network

. MA] En]AL
SAFETY DATA

EMEflGENCY  PHONE  1 -800-OLIN.911

SECTION   I  -IDENTIFICATION

SECTION  11  -NORMAL  HANDLING  PROCEt)URES

SECTION  111 -HAZARDOUS  INCREDIENTS

BASIC  N^TEF`l^L                                                         °SH^                     |o co                    lc 50                        SIGNIFIC^NT EFFECTSPE|

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

sEerioN  fv -FiRE AND  Expi.OsioN  HAZARD  DATA
FL^SN I.OINT          Not OSH^ Ct^SSIFIC^TIOH,,. FL^WN^EIIE[      |oWEF`      I      uPPEf`

EXPLOSIVE - -wETlloo               A Dr>licable |'W'TS
EXT"aulsH"G HEbl^                               Deluge wit-h water,  material is self-oxidizing.   Flood  with  Water

to  ficht  fire  and  t® tt®al  .eh.]1g.
SPECIAL FIRE  H^2^AO . FIRE  FIcllTING  Pf`OCEOuRES

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

SECTION  V--llEALTtl  liAZ^RO  DATA                           ------. `>'   -



SECTION  vl  -TOXICOLOGY  (Product)           (Sl,lall   Ar`LS    AL'.nu`iit; i.`r`

SECTION  Vll  -SPILL AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^cTioN  For N^TERi^L f`EL£^sE oR SfliL.
Remove  all  sources  of  ignition.    Wear  gog.gles  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 all contaminated  clothing before reuse.

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

TRANSPOBTATION  EMERGENCY,  CONTACT CHEMTflEC 60CL424.93cO
WASTE  OISPOS^l WETtloo

Dispose  of contaminated  product,  empty  containers    and  materials  used  in  cleaning up spills
or leaks in 8  manner approved for this  material.   Consult  appropriate  f ederal, state  and local
regulatory agencies to ascertain proper disposal procedures.

sEerioN  viil -sHippiNG DATA
a.a.T.cues                                             Class c Explosive        OEN-D

SECTION  X -  PHYSICAL  DATA

]WEIT"C Po"T           N/ABoiiiwapoititTh7A- v^POR pf`ESsuf`E                   N/A vouTllES                                 N /A
SoluB!llTY " W^TEA          N /A Ev^pon^iioN RATE           -.~  '|{ ,4L.V^Pof`oENsltt(^lr-1)N/A

'spEclFic cn^VITT  iw  o.1)         N/A pH                                               N/A

I

lNFOF`MATION  Fuf`NISHED  BY:

1475

C.  C.  Noonan
(203)  789-5436

DATE         Novemberl6,1985

O®partm®nt ol  Envlronm.nt®l  Hygl.n®  and Toxlc
(203)  789

olin  cOF`pORATioN
120   Long  Flidoe  f]oad.  Stamfofd.  Connecticut  069C

OCEAN®   Network
EMERGENCY  PHONE  1.BOO-OLIN-911



in'alchal  Saldy Data Sh.cot  .
W.y be ul.a to whr `th
OS++A.. twhrd C~ulcelion. Stand-rd.
29  Cffl  1®10,12cO.  Stlnd.rd  r".let  t-
cm-I.ed tr p.cffk: .qui]mut

U.S.  D®pertment  ol L.bar
OcciJp.lion.I S-l.tv .nd  He.lth Admlnlltr.IIon
(Non-M.rld.lory Fom)
Form  Approved

OM8 No.12180072

. tfJ? `

®®ITTT1  (A- u..a on I.b. .rid lJ®
All  Shot8h.11  Armuriition

~Erfu3H_-b=LELrgT==%F=rfurapx=_
Sctkm I    .. .snail  ^ms  Armlnition-
LL~unr. Nm Em.rperic`/ T-n. H`Imt)-     .

Reminciton  Arms  Co. ,   Inc. (Sol)  .   676-3161
^L**-.  Qlirho-. Sde.L Crty. Snb` .rid Z}P Cot.1 T.l®phon. tl.rrt>er tr. If`brrT`.tlon

I-40   [  Hlghvay  15.        . (Sol)      374-2246

Lonok®,   Ark.ansa8        72086                                           ..
Ch', P'qued`       8-12-86    .

•,, Siqn4(ur. 01 PT.P./. /tdn.O
W.G.   Bell,'  Chem  Lab  -Technical  Section

S.ctJan I - HlzirdoLi. Ingfodl.nti^dontlty hlom.tlon

nzrdi. Canjffiiii== Co.clAc ciiinlcal le.rllty: Carnrm.Ion("        Osl+^ EEL             ACZ3H TIV            f`.comrn.ndd           ` I
Lead.,   Inorganic  and  i.Cad  coopo`ind8.                      50mg/M

Ar8enl.c  and  con \|nde                                                      10
Antfron and  ccm nda                                                      500  n
Bariun  and  conpound8                                                          5oo  mg/H3.
ttltroglyerln   (O.OS  rm  akin)   500  nicrogralns/M3  of  air

t"  -  "Small  Arltts  AiT"nition"
Cla8g  C  Explo®iv®

I  OEN-D

S.¢tlon Wl - Phy.Jc.I/Ch.mlc.I Ch.ractorfutJc.
Bcl-no put                                        . s#Egplplltfi:)

Wot  applicable
V.per pT-.ir. (in/n HO.)     . Wrty Pdr,

Not  applicable Not  appllcabl®
Ypr arty pe . I)

ELeyA-cunTu^oTAmi.caLLeNot  airllcabl®
-Sa-_tftyhWW

I,Cad  .  Lead  Styphnate  -  Insolublei   Lead  Nitrate  -  127  gtn/100cc  tlater  -  loo.C
-yp ld Cb

Gray,  S11v®ry  ttat®rial  -No  odorGraylBh,

S.ctlon rv - FTr. .nd Elpleelon i+izzlrd O`te
Fwh pod 0~ irty FqpTv"tb Lfty un th

Not  applicable Not  applicable N^ N^EJ-Lm
_Ha_teIlal __i8___gel_i__oxiq|zing) ___f_1_god_±±ttLwater_  to   flgt|_t   fire: _a_n4 __ccol   .hell._.
Sp-I Fh Firtyg Proc.tlln

uT#eiFi"®t:iET*t¥e  when  e]{poBed  to  flan.  and  high  temperature8.



s.ctioo v - fl..clivrty D.I.
Sngty ur- Cant.'t"®^"       rianeg,   sparks,  percussion  or  shock  and  l`igb  .

Sdy
X texperature8   (130.C)

lrlcorno.tlbJIlty {l/.I.r/./. 1® All.d  .. Strong  mineral  acldg  and  alkali.
11.t]itfro Dca'v--..    g Byp`dd   ®tid®8  of  carton,  nitrogen  and  lead  ftpe9.- Ltry Ctw C~ktwed       Heat,  £ire,  static,.  £r|ctlon and percug810n.

Wrty " -
X

S.ctJon VI - He.l`li llazard b.ta
FhJ|.| oJ EJtry.         .               Inn.IItth?      Futes                          S}t2n?    ckyts or  abrasions  -REtri7c|®9
hFnennl `£*igT€engctoria,  efroryotoxin ,  malnutrition,  `.eckness,  mental  confusion ,  pallor -

tr'eat  per  general  lead  expog`irei.  headache  and  rtausea

ciifir±ife-in..        mpt                  -~ ~utAcltorleh®hi7                  os" R~  t,Cad. yes

6ior-d9~OIE-n     .      Refer  to health.hazard aJJove.          `                                    .     .   .

llet±±±! Condttlon.     .
ciifif=r AOpr-hded try E=e-- Gastrointestinal  tract;  kldheys,. blood  and  central  nezvou.

System.          (CNS)
Effiiiji}iiriciF .nd F)rl Ale Piicciifiir.. §kln  -  £1ueh  `dth  vateri   i£  8valloved  I;ee)c  Biedical  attention

imediately.
S.ctlon VIl - Pr.c-utlon. lor S.I. H.ndllng .nd U®®
S]p t} a. Tikco A C... W.A.I b B±le._.ed er Sfil.d                                                                                                         .

Use  nob-sparking  equiment  to  cleanup  and  store  stiells  -  avoid  ignj.tlon  sources.

W- Ogiv W-
Mate:ia.I. :py  E. tr±dj2?_EJfppTpp.r_tst._£ed®r?_!i. ftat:  ?nq  local,  req\+|e±oprag.A_CZ..=
contact

P±±cn O 8. Tot.n A l'l.ndno .nd Storlng

Refer  to  released  or  8pllled  data. abo`r..
Ch Pt-fro

Iiabel  containers  -  "Small  Ams  Amminitlon"  vear  gloves  and  ghrapr.el  protection.--i=+=eon_#
osm   SA/Hti/scm

]JiiLa{:_t=P., v,a,® .,-,,,, ®,„ ,,,, ',
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aENERAL MOTofls cORpoftATioN
MATERIAL SAFETY. DATA SHEET

SECTION I

SECTION 11 -lNGflEDIENTS
(ll,t all lng,®dl®ntS'

C^S  FltcISTf]Y  NO, 7lw hv CHENcO N"t{S}
lJ,'#,dii#±?^#,I

7664939 37 Sulfurlc   ^¢1d _NA_

773218S eel .    Watt,r H^

7439921 90 -. _   HA      __-_.-
§ e p a I. a_i_ a ,. I 1--

D4r®mt¢

-.\ -\>--.- -- _-_       ______

--     -_ ~L,-_                         .-._                        ____   __

..                .            .                             `.           .       I                .                    .       `.

SECTION Ill - PHYSICAL DATA
lolllN¢ PO`"lil.I-S -.`.,..

Av a&a    i.28o_i   .ol L
y,A.^A piEssmt€  drA|3fa  I rd ftAc£NT vouni€ .y voLUM€ mi

tl^ thigH¥Tt£9uo€v L
VAPOR  OENSITY  (All .1)                   1\' tvrmA^TIotl k^Tt I             .-ti

\, L_
soil.8`i.,Ty  iNMT`3A¢ieie     ---         I- Pt' -                                            { 1la i
"Ja€cAe'f+€€|1HLpte°etquid  (acid_¢ontsnc)--                                 _   |`SMffi'|       uaufu#_

SECTION IV - FIRE AND EXPLOSION llAZARD DATA



SECTION VI-flEACTIVITY DATA

ST^,lllTY

_uN$1^8|t
Coh5TTtoNS  TO ^VOIO----        -

tA,|I
X I_

Iftcowp^   8l-lltY`m.I.0.I.`a.'O`d'      oxtdi2.,a   or    redu¢tnft   materlll9.

HAZ^floou   OECOHrosmoH.10°u¢TS:   Then  heated.   cih   emit   hlchlv   taxIC   fun.g.

HAZAIOOuSpr`iyucFi2^Tiow MAy  Occim coNDmcw§ To ^voio -
wTifhiatee¢u-fi-

__XX

--
SECTION VII.SPILL OR LEAK PROCEDURES

•tat.':   .nd   !eder.1   re&ulatlotil   for.|¢1d  or  L!4_d_ .ct.p.



tiJ.:1   :1     '9|    14:07   CHG0   DIST    IMF-O_MGT   C)F-C_CENCC-Il`1

!MATERIAL SAFETY DATA SHEET
PBOOLICT SA   825   0012

F'.5

HAZAno  nATiNC
4  -  EXTREME
a  -  H'GH
2  -  MOOERATE
I  -  8|toHT

iN8iaNific^NT

sECTlo„                                      ELL-BEE   LfTH,UM-top   GREASE                 I   lo-lNEluN'r'|Arv'                      Y.qu-I      I
WITCCJ MANUFAC I uf3Ir``G OIvisION  OPl fuBSIoiAnt EMERGENCY  TELEf'tloNEy6Y5f,ACTUR[R782-5800

\

AODf`e5s  tNUMBEf`. sTaEET. city. STATE. zlp cc)r)Fi EFEffiTREc-i.-/e6-oT.24,®3oo
(
ctiEMicAi NAME aft f^Miiy

ffiflMULA               NAa Eel-roleum  Hvdrocerbon

. I,-...,.-I. 'Ctl EMICA L`                                            I pHYslC'Ar
t`-^2AADOuSOECOMPOSITIC)NPROOUCTS FoflM.        Seml-sol  ld

6 Carbon   in.onoxlde.   carbon   dioxide ODOR

'N coMPATieiiiTy iK€Ee ^w^y Ff`OMi Mineral    Oi  I

Strong   oxidlzlng   agents   such  as:     hydrogen   Peroxide, ^PPEAA^NCE
6 chrc}mlc   acid.    bror.ire '0 Grease
iLs7 A-iL Toxic ^NO iiAz^ROOus iNaREDiENTs,t\'One |OR"I      Amber

P'2 ECIFIC  GRAVITtiwAiea-1`RT a.924

`BEciioN Iii.i:fiF] i.:ANO"pro 8`ON t] ATh
®O`L,NG PT.'S

NDA              .c,f

spEciAi finE fiGH7"C PRC)CEDi/RES F|^SH POINT tMETHOO u6EolAboveC.O.C.

Fire   flghters   Should   wear   an EB          ..                     `

T

-    -M£LTwapT.
NA.c

eoprc)ved   self   contalned   breathing Fl^MM^BL£ LIMJT§ t6NDA:'LOWER_,_upper_
', f

3,
aoparaTus.               i

soluliirTyNW^TIR

Net? I  : a ' h I e
uN l)SU^L Flf`E AND EXPLOSION I+^ZAROSDensesmoke exTINGui8HiNG^a€NTs

8 DIIYCH€MICAI    X: CO. ^T          ?i   .c
=W^TEftsmAy    ¥ Fo^M.W^TERfoGg.5^NO/t^fl"i,TotHea-

*  VC}lATILE,a(,YWT6'
NA

2e €VAP. BATE'7(.''

NASECTION IV - W€ALTH HAZA80 DATA
PEftMISstBIE CONCENtd^TIONS (AIAI

',
-vlpol-pfifssimtlmmt+q,I30,C'

NA

9 NDA -.  -.          I.
NAeFF[cT§ OF OvEflExpOSuHE t, I^m  ,  ,I

10 May  cause  skin  a  eye   irrltation  w|th  prolonged  contact. ®H ^S IS
NA1Ii

T Ox lcoLOcic^i pnor[. Tifs 30 H'1

3' N$4. SThoNG ^CIOSTRONGBAS!    _     __    __

E^iEnGENCv FIRST ^io pPlocEDUBES

32 EVEs     Flush   With    larc}e   amounts   clf   water   for   at    least    15   mln. sT^BIE                                                    .X

Call    a   ohvsici;n    Immediately.
3'

UNST.eLE_   _    __     _  _

3J¢,i SKIN¢ONT^CT        wesn   thorctugh|y   with   soap   and   Water. V^::I::::            `oo<o'R°*.^'=2

`NHAIATioN                  NDA`

_,_3L        NA

iFswAiiowED        Call    a    PhYSIciEn     Immediately.

N4  -NOT  Appiic^eLE                                            t.OA.  NOOAT^Av^iiABie                                       <-Lcs HAhJ                                          >. MOFIETh^N

p6a6  i  Of  2

ccf]i,.  t<c.  e5 .... :   :



FIul=i   :1    '91    14:86   CHG®   blsT    INr-OJIciT   Or-C_CENCC-Il`1

MATERIAL  SAFETY  DATA  SHEET      pRooucT

I.q

SA   825   0012

G     TTON vil =8pE`ciAr'f]fiECAUTioNs
paec^uTioNs TO aE TAKEN iN H^Noiiri-a AND sToaACE

„       Keep  containers  closed.                                                                                                                         .

SEctloN tx -

KEEP   OUT   OF   a:AC.ri   OF   CHI L9REN!  !

We  beli.V.  (he  6ta`clii®nts.  technical  (nformation  end  r®comm.ndatlona  Contained  h.I.in  are  r®liebl..  but  they
are  given  wlthout  w.rfanty  or  gu®r.ntee  o{  .ny  klnd.  expr®88  or  lmpljod,  and  W.  a$9uma  no  iesponslbllity  tor
BnY la6S.  damage.  or cxpenB8,  direct or congoquontlal.  arising out o{ th®lr use.

P'J6  2  0'  2



fi.UC`    =1      '._31     1J:0,=-CHC`C)    [JIST     Il+-|i+`1{=iT    0Fi_LLriLL-iri

MATERIAL  SAFETY  DATA  SHEET      pRODucT SA   825   0012

SECTION VI i. HANDUNG'OF §PILIE aft lEAKS
rf`ocEDuflE5 FOB CLEAN.uF

Tren5fer   bulk  of   material    intc>  another  container.      Absorb   remainlng   residue  with
.Oroper   absc}rbents   such   8s   sane,   earth.   vermiculite.      Sweep   up   and   dlspos6  as   SC>lld
waste   ln   accordE!nce   to   lc>cal,   State  ar\d   federal   regulations.

:

WAS TE OISFOSAl

8y   methods   Consiste.nt   with   locel,   state   and   federal    re`qulatlon5.
2

§ECTroNvliiur8PECIAt'.PBECAUTIONS
FBCCAUTIONS TO 8£ TAKEN IN HANollNG AND STOBACE

Keep   containers  ¢Iosed.                                                                                                                                .
13

8EcmoN vlli - TnANsroFTATION DATA

a         uN.Rf%YttTTtD  E
U.S. a.a.T. .f`OPEfl 8HIPPING NAME

47

"            nE!j.T%T!oE
u.8. O.a.T. H^ZARO CIASS I.a. NUMBEB

4e

TBANSPOBTATIONEMERGENCYlNFOBM^tloNCHEMTBEC1.{8001434..800
:;                      ffiaEL`S'REQuiaEo
Ffi EiaHTcussiFlcATION

9Z F'etroleuri   Lubricetln§   C`rease
SrECL^L TRANSpOPIT^TioN N otEs

€ tJ

SECTION IX - COMMENTS

KEEP   OUT   OF   REACH   0F   CHI  L9REN!  !
1j

WC  boliove  the  6tetem®ntg.  technical  information  end  .ecomm.nddtlona  ContBin®d  h.r.in  .re  reliabl®.  bi[t  they
ale  given   Wlthout  wdrr&nty  or  guorent¢e  ot   any  klnd.  expr®88  0f  lmplj®d,  end  W®  agaume  no  re&ponalbllitv  for
any  loss.  damage,  or cxpon60,  diiact or congoqu®ntlal,  arising out o{ th®lr use.

C'396   2   C!   -1



tluc'  a,1 91   14:o5  cHGo  D15T   INFO-mGTffiEE£-]'n

MATERIAL  SAFETY  DATA  SHEET

Tbx   no,    :    042840
Prlnt   Olt®

Lest   R.viewed
oF,aogze,95
05/03/89

FBrt   Type   and   Number                                                          Part   name
----------,-,-,-,-,,--, I-,-~~I ,--, ~ ,,---- ~~I,  --11~,I,I,,,~---~~,,,~ ------------,,,--,,, ~
Ford    -U.S.    BATTERY    -ALL                                                     BATTERY    EIECTROLYTE
Motorcrif t   -U.S.    BATTERY   -ALL                               BATTERY   EIECTROIYTE

---------------- t] ----  CHENI CAL  AND  PHVS I CAL   PROPERTI ES  ---------- I.I ------.----.

Haterial    type                          LIQulo
Sp.clfic:   Gravity                 I.250
Bolllng   point                          >135   C
Flash   point                             Not   AppHcable
pH                                                              2.0

•----. I ----..-. I   HAZARDOUS   AND   OTHER   I) lscLOSE0   lNGREDI ENTS   -----.------.- E] -----

P.rcent           EXpo8ure   Llmlts   -TWA
Range               ACGIH/OSHA(where   est.)    CAS   number            Chernic.I    Name

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

Expolure   Limlt  Abbreviatlons
~~,~--,,,,---,,,~--,,,,I--,,,,,--1,,,,

TWA-Tlme  W.loht.d   ^var.g®     C-C.lllng
S-Short  T.rm   EXp®ture       Sk-Skln

Sol-So]ub`.  Compound£             Fu-Fumc5
lnsol-I nsolubl.   Conpound£        Du-Du&t +`

+̀'

----------- I -------- i-.I-RE GULATORY  I NFORMAT I 0N  ------.--------. I ---.---.--

Thls  product  coat.lns  .   toxic  chcmicel   or  ch.mic.tt   .ubject  to  the  reporting
rcqiJironcnt€  of   S.ctlon  313  of   Tltle   111   of   th.  Super fund  whendm.nts  end
R.authorlzation  Act  ®1   t986  .nd   40  CFR  Part  372.

------------------------- S I CN^L WORD ±====±±===n±±-±± -------
DANGER   --CORROSIVE

-in--I-----I----.--I---.-.---.HAZARDS----.-.--.----.--------------===-..=
Contact  wtth   thlS  in.teriat   wlll   cav.e  burns   to   the   Skin,   .yes   end  nueous
in.mbrar`.8 .

Wh.A   th!.  mat.rlal   com.i   into   cor]tact  with   the   .y.I,   aeric]uO   d&meg.  may  o¢ciJr.
Thi®   product   15   h.rmfLjt   by    Inhalation,   wh.n  -ill   contact   wlth   th.   3k!t`
•nd   if   lt   is   .wauow.d.

Thit  product   ls   irrltltinq   to   the   eyes,   respiratory  €y€ten  end  .kln.
Thls   product  may   bc   fatal    lf   lt   li   SwlHowed.

FORD   MOTOR  COMPANY
DEAftBORN   Ml   48121
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Tax   no.    :   042840
Prlnt  Dit.   ..   o[/ao92e/902

----- I---I ---------  TARGET  ORGANS   AND  ME0l CAL   CONDITIONS  ----------------..---- a

OV.rexposure   to   eon.   h]z&rdou&   lngrcdlentE   in   thlF   ProdLJct   hag   bean   found
to   affect  certaln  body  organs   and   Sy&ten8   ln  cxp.I(in.ntel   &nim.lt   .nd/or
humane.   The.a   include:

lungs
Teeth
Skln,   Ey.3.   and  R.Spiritory   SyS[cm

----.--------------.----  ACUTE  Tax I c I tY  I NFORMATI 0N  --------------- I -----. I.Io--.I

Based  on  th.  composltlon  of   th.  product   ld.ntlf led  by  th.  .upplfer,
Selected   portlon.   of   the  .cute   toxicity   Information  frcoi  RTECS   ar.
es   fot]ows:
7664-93-9        SulfuRIC   Aclo

lnhal.tlon.   .dult   rat,   lc50  -;10  mg/m3   (2  Hour.)
Oral.   adult   rat.   L050  -Z140  mg/kg                                                         .

I--n----I--+ii=J-J[±+±l-.SAFEH^NDllNG^NDSTOR^GE.--I--:=====-==-+==±±''[`---

Oo  not  breath.  g.a/funae/v.pop/.pray.
ui®  thls  product  with  ad.qu.ta  v®ntll.tion.
Oo  not  g.t   thl.  in.t.rlal   ln  your  eyeS.   on  your  tkint   or  on  your  elothlng.
Thl.   IS  an  oxldl&lno  .g.nt  -avold  brlnglnq   lt   Into  corLtlct  wlth  .n
organic  materill .

Stol.  this  prodt.Ct  in  .I r-tlqht  contalner&  .w.y  fron  eourc..  of  h.&t  .nd
I i ght .

-..-- I -------- I-.  i IRE ®   EXPLOS I OH  ^N0  REACTIvltY   INFORX^TfoN  --.I ---- iiii=i=;=== ..-----

Brinqlnq   thlf  product   Into  contact  wlth  conbuetlble  mat.ri.I   B.y  caue&  4   f Ire.
EXTINGulsllER   INFORMTION!   Dry   chenic.I,    foam.   carbon  dloxlde.
tJte  W.tar  to  cool   f lr.-.xpof.d  cent.lnerf  &nd  to  protect  p.r]onnel.
W..I  a.If-cont&iA.d  br..thing  app.r.tui.
Thli  product  can  r..ct  vlol.ntly  w|th  reduclng  lgentf  .nd.orfanlc  d&t.rlils.
Exploelve  HYDROGEN  GAS  may  be  rot .... d   lf   &qu.oili   .olutloni  al   thl.  met.rlal
come   into   cent.ct  wlth   reactlv.  metlli   (IRON,   ZINC.   ALUMIWun)  .

Irrltatlng  and/or  toxic  fl.in.I  tnd  g..eg  nay  I.  onlttad  upon  h..ttno  of
thl=   product.

Tlie  a.conpo8itlon  of   thl€   prodilct  wl 11-rete&s6   toxlc   ga.&4.

FORD   MOTOR  COMPANY
OEAF`80F]N  Mt   4€121
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Tax   no.    :    042840
PrlN  Date   2   oF/aoq2e/9o3

------------- I--11---PROTECT I VE  H£ASURES   AND  TREATMENTS   --------. I .--- I ---.-.----

u5c   of   an   impervious   apron   15   recommended.
use   g®ncral   v.ntl`ation   .nd   u8®   local   exhaust.   wh.r®   posslble,    ln   conf lned   C}r
enc`o5.d   8pace&.

Wear   ch.mlc®l   goggl.a   and   fac.  Ihleld.
The  use  cf   naopr.ne  qlov.a   is   recorm.nded.
IA   c.se   of   contact  wlth   E]y.a,   rln.e   ilnmedlatety  with   plenty  of  water   and   eeek
medical   advice.

Immedl]t.ty   t&k.  ctf   alt   eontanlri&t.a   clothif`g.
If   the  matarlal   7t   .wallowed,   get   limedlite  medical   attention  or   advice  --
Giv.  s.v.rat   gla8ces   of  water  or  milk.

It   gal/fume/vapor/dust/ml5t   fran  the  materlal    is   inhaled,   remove  th.  affected
per.on   lmmediatc`y   to   fresh   air.

For   €kln   contact   f lllah  with   large  amounts   of  water.
Wash   thoroughly   af tar   h.8ndHng.

-----.-------- I--.Il--Ii.--NOTES  T0  PHYS I C I ANS  .---.---- € --------------- ==--

lf   the   product   i&   lnge&tad.   prob&bl.  mucosal   a.n®ge  hay   contr&indlcate   the   usa
of  ga&trl¢   t&v.ge.     Tr.at   the  affect.d  p.rson  &pproprlately.

----------------------  Spl lLs i  LEAKS  AND  O I SPOSAl  ---------.--------- =f==

Elfmin.t.  ell   .ource&   of   lgnitlon  or   fl&mm.blee   that  lt7ay   ¢en.   Into  Contact        .
wlth  .  .pHl   of   thls  mat.rlal.

Avoid  .kin  cant.ct  and   lnhllatlon  of  vapors  durlng  di.po..I   of   SpHI..
0l.pot.  of  Wast.  matarlil   .ccordlng  to  Loc.I,   Stet.,   .nd  F.d.r.I
Envlrorun.nt]I   Reoulatlone.

In  cage   of   large   .piHi,   foHow  ®11   faciHty   Em.rg.ncy   Re[ponSe   Procedur68.

I.------ I --..-------- I ---. I -.--  SPEC I ^L  REMARKS  --..-------.---- IIut ---.---.- ===--

Thii   I.  .n  .cldlc  mit.rlal.

------ I -------  u.   s.   OEPARTHEArT  OF  TRANspORTATioN   IHFORMTioN  -.-- I:±±± ------- =

Shlppinq   n.me:    B^TT!RY   flulo.   ACID      uN:    27$6
Hazard   Clastl   Corrollv.  materla`                  Hazard   L]bel!   Corrosive

The  ch.mlcel   nlme(i)   appearing  below  under   ``NME"  must   .ppear   &8   part   of
Shipplno   A.me   lF   the   amount   being   Chipped   in   each   contalner   axe.ed&   the
quantlty   .horn  under   ''RQ"   below.     The   l®tter=   "RQ"  muS[  ®l.a  app.£r   as.part
of   the  lhipplnq  name,    ln   th.   forms

•hlpp:ng   name.    chemlcal    name.    RQ.
For   u.S.      Shlpm®nt.   fran   Ford   FaciHtieS,   consult   the   '`Ford

Hazardaul  M.terill   Transportation  Control   Progr.in"  nanual,   oth.rwis.
con8ult   49CFR172.
•----- CAS--RQ (Ibs)   -hlME ------------..----------.------------------------------

7664-93-9         2777         SuLfuRIC   Aclo

FOPD   MOTOF   COMPAN.Y
DEAPBOBN   MI   48121
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Tox   no.    :    042840 a     print  a.te  ,  oF/°o82e/9£

----------------- I ------- I.-PREPARAT I ON   I NFORMAT I oN  --------------------.- ==-IL.

H.8lth   and   safety   Information   has   been  evaluated   by!

Envirormental   S   Occupational   Toxicoloqy,      0¢cupational   Health   6  Sat.ty,
Ford  notor   Company
900   Parklan.  Towers   W.9t.   O®arborn,   Hl      48126        ..

For   .mergen¢y   call:       (SIS)    337-3182   -or-(313)    323-0045   (for   24   hour   8.rviee)

Thls   ic   th.   last  page  of   th!.  hsos.

FORD   MOTOR   COMPANY
OEARBOEN   Ml   48121
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"OCO   REGULAR   LEAD-FREE   GASOLINE

F'.9

M^ltuFACTURER/SUPPLIER:
A]noco   Oil   CotBpany

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

ENERGENCY   HEAL"   INFORMATION:       (800)    447-873S
ERERGENCY   SPILL   INFORMATION:       (800)    424-9300

curREc,  u.s.A.
OTRER  pRot]UCT   8AVETT   IrmoRATloN:      (312)   8S6-3907

IMPORTAIIT  COxpoRErm8:      Ga&ollne   (C^s   8006-61-9)   ACGIH  TLV  300  ppm,   StEI.   500  Par;
OS}IA  PEL   300  ppn,   §TEl.   500  pan.

;i:i::::§A¥e::::3##EL:I:io:i:;::i:n¥;  °Sm PEL 1 ppm
WAVING  8TAt=teNT :    E::a::ie::t5:::{Xe::r::::: in::8ha:3P::u:::feE:#!i:ni£C::8:::::a

and/or  &8plrdted  into  lungs.  Can  produce  skin  lrrltation  on

=:::::i:dt:rv:::::t£€8C::::::.c:::e:gi:°i:5o£:::r;n:gin:::?-tern
"IS/NrpA  CODES:.(HEALTH;1) (FLA"AalL[Ty;3) (RE^cTIVIT¥;O) ,   Chronic  h.alth  hazard

APPEARAllcE  ANI)  ODOR!     C1®ar,   bright   liquid.     Characteristic  odor.

!1EAliTH   HAZARD   INFORMATION

EYE

EFFECT:             High  concentr4tion4  of  vapor/blst  Day  cdu4.  eye  dlJ)coufbrt.

FIRST  A[Di      ;::#g:g::  vlth  plan.ty  of  vat.I.    Get  ledical  attention  if  irrltatlon

PROTECTION!     Non.  r.quired;   however,   use  o{  ®y.  protection  is  good. induatri®l  Practice.

EFFECT :

.SKIN

:::}::9:€r::ti:?::tod  Contact  can  defat  th.  Skin  and  1.ad  to  lrrltatioA
FIRST AI"     !§:i:§i§§8::o§:i:::i:i:::§§:i:;s:i:::.anE¥:;.b::::=i::::? C:::hi:gifal

PROTECTION:    S!:;:&P!il;::::n;:dr::e::;:a::inc:£::::tic  #£:i;:Ot®Ctive  Clothing  and

EFFECT:

INHAl.ATION

Vapour  harmful.     High  vapor  concentrations  can  cad.e  headach®9,  dl2zlness,
drovgine8&  and  nausea.     See  Toxlcalogy  Section.

FIRST  AID!        If  &dver&e  effects  occur,   remove  to  uncontoulnated  area.     Give  artlf lcial
respiration  lf  not  br.athlng.     Get  in.dical  ettentlon.

F'ROTE:CTI0N:    ¥::tYi:t:::e¥:a::az:::i::; i::;  N!::i9usb#a::i:!f{:E°:e:g€£::o¥;::ich(:ill

protect   against   ctz.ganlc  vapor/mist.
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HEALTH   HAZAro    INFORMATION   -   CONTINUED
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INGESTION

EFFECT:               Low  vigcosity  product.     Harmful  or   fatal   if   asplrated   into   lungs.

FIRST  AID:        If  swallowed,   do  NOT   induce  vomi'ting.     Get   lrmcdiate  medical   attention.

FIRE   AND   ExpL,OsloN   INroRMAT[oN

FL^SHPOINI :                 -4 5®F

FLAIatAELE   LIMITS:      UPPER:       7.6%      LOWER!       1.3S

AUTO[GNITloN   TErmpERATURE :                      4g5®F

EXTINGUISHING  MEDIA:    i!::::.:pE:::::n:::dc::::t:,h::#fss{:£i ,a:r3a::ri:;:,  Carbon

tJrtysu^L  FIRE  AND  EXPLOSION  fIAZAsoS:     E*tr.in.ly  flammable  vapor/air  ni*ture8   form.
.I:*tlngulghment  of   f ire  before  sourc®  of  vapor   ls  Shut  off  can  create  an
exploglve  mixture   ln  air.

JRECAUT]ONS:    £::g  :::¥ai:::  !!:i:i?n  6::r:::h(:i:&da€:at:A:i::::o£?a  °P®A  flaneB ).

REACTIVITY   INFOR}<ATION

DANGEROUS  REACTIONS!     Avoid  chlorine,   fltiorlne  and  oth.r  Strong  oxldizers.

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

STABILITY;      Burning   can  be   Started  ea81ly.

CIIEMICAL  AND   PHY§IC^L   PROPER](ES

BOILING   POINTS                      80.I  TO                430®r,   Range

8OLtj8{L]TY   ]N  WATER:      Negliqibl®,   b.low  a.1t.

SPECIFIC   GRAVITY   (WATER   a   I):                     a.75

VAPOR  PRESSURES      7-151b   RVP   (A8"  a-323)

VAPOR  DENSITY   (AIR.   i)i                  3   TO              4
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STORAGE   AND   ENVIRO"ENTAL   PROTECTION

SroRAG!   REQUIREMENTS:      Stor.   in   flarm\able
Store   dvdy   f ron  A
accordance  with

lquld8   storage  area.     Ko.p  container  closed.
ignltlon  s6urc®s,   and  open   flame   in

federal,   £tdte,   or  local  regulations.

SPILLS  AND  LEAJ{S!     R.mov.   or   shut   of i   all   SourceB   of   ignition.     Use   tJater   spray  to

€i:8:5::tv:::::iaL]?:?;?:Ce:i:: 1:::i::i , ;£±:::a:i:;;.  C£::;i:u:no:n
Severs  and  vatervayg.

WASTE  DISPOSAL:     Re$1due4  end  spilled  material  .re  h&2ardous  veste  due  to   ignltabllity
Oiepo&al  must  be  ln  accordance  vith  applicable  federal,   state,   or

ulations.     =ncloaed-controll-ea   lnclneration  18  recoonendedlocal  r®
unless  di r®ct®d  oth.rwi®®  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   of   !everB   and  vat.rvay£.      Avoid  strong   oxidizers.
Report   aplllg   to   appropriate   authorities.     USE  AS  MOTOR  FUEL
OmY.

TOX[COLOGICAL   ]NFOENATION

EYE:     Primary  eye   lrritatlon  gcorc  0.0/ilo.0   (rabbits).

SKIN:    :5i:a:EL5;:a::ei;##: ±°;r:::;:ail;/:6£t::::b::: )

IN}IALAT[ON:      Acut.   LC50   20.7mg/i   (rats).

.     Acute  dermal  I.D50  greater
acute  .xpo&ure8  by  this  route.

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

Excessive  .xPo4tire  to  vapors  may  produce  h.adacheg,   dlzzin.ss,   n®ugea,   drovs1-
ne§8,   1rritatiorl  of  eyes,   nose  and  throat  and  c.ntr&l  nervous  systen
depregglon.

!kii!:::!!;;i;#;¥:¥;:;;i;;::D:::;:;;i:::::;i;i:i;;::;i:#;i:i::i:;;:;:he
queg t lonabl a .

Inhalation  of  whol.  unloaded  gasoline  vapors  did  not  produce  birth  defectg   in
lahorator:.  anii@als.

Gasoline   ls  a  coaplex  nlxtur.  of  hydrocarbaA8  and  containS  benzene   (up  to  4

:::#:h:?4 ::i::3:ea::A:::a?::uk::i:?;:ne£Pj::::e&i3 :i!:r}:::::8:`b?:::e::i:::s
(anenla).     B.nzcne   i4   considered  a  human  carcinogen  by   IARC,   NIP   and  O§HA.

:::;.::::::eh::a:¥±:n:n3nfa::::::: c:k:a:::e;r5:::::a:A:oL:i: #::i:::I::a.
were  a.en   ln  chronic  8tudie8  ot`  *ylene   ln  guln®a  pigs  but  not   ln  rats.

Aspiration  of  thl8  product   into  the  lungs   can  cause  Chenicdl  pnouznoni®  and  can
be  fatal.     Agplration   into  the   lungs  can  occur  whil.  vomiting  after   ingestion
of  this  product.
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REGULATORY   INFORMATION

CE:RCLA   REPORTABLE   QU^t{TITYi
This   Product   is   exempt   f ron  the  CERCLA  reporting   requir.in.nt8   under  40   CFR
Part   302.4.     How®v.r,   i€   Spllled   into  Waters  of   the  United  Statog,   it  may
be   reportable  under  40  CFR  Part   153   if   lt  produc.8  a  Sheen.

DOT  PROpm  SHIPPING  N"E!      Gasoline,   Fla"iabl®  I.iquld,   UN1203.

OSRA  HAZARE  CormNICATION  STANDARE :    ::#:b§!n!i#?:  :!§:ii§:::::S§§i§!¥#¥::n£;ts

RCRA   STATUst

:!:;og::a:;tc::t:?:j£::a::a::ev::t::Rb::::s:6!;3!o:::€n:a:A:n£:i:owing
Substance ( a ) i

COMPONENT/GAS   NUMBER--------------------------------------------------
Ethylben2ene   (loo-41-4)
Toluel`e .  ( 108-88-3 )
Xylene   (1330-20-7)

•SARA   STATUS!

38i&gE#u§;ii:sr:!u:::::a::a:; :a: :::a:::nfu;.§:1::i:}t°£L:A# a:::em:::i i;
the   infaraetlon  given  bolov!

5ECTloNs   311   Aitl]   ]i2   oF   SARA  AND   4o   cm  FART   37o!
This  product   ig  clef lned  ag  hazardous  by  osun  under  29  CFR  Pert  l910.1200(d).

S=CTICht   313   0F   SARA  AND   40   CFR   PAR.   372!

#!:  i:O€;a:F£O::::n:;i?a  fcilloving  substances,  which  are  on  the  Toxic  Chemicals

COMPONENT/GAS   NUMBER                                                                                             WEI GHT   PERCENTI----------------~~~------------,---I.-------I|,,~---------~~,,-----
Benzene   (7l-43-2)        .
Ethylbenzene   (loo-41-4)
•oluene   (108-88-3)
Cyclohe*ane   (110-82-7 )
Xylene   (1330-20-7)
MTBE   (1634-01-4)

TSC^  STATug!     All  of  the  conpon.nts  of  this  product  ar.1iSted  on  the  TSCA.Inventory.

S].PPLEMENIAL   IN*.ORMA'i-.)ON   .

Gasoline   i3  a  complex  mlxture  of  hydrocarbons.     Thaa®  riajor  components  having
occupational  .xposure  linitg  are:

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

Cyclohexane   (CAS   ilo-82-7)   ACGIH  TLV   300   ppn;   Ogm  Pal   goo   ppm.

Ethylbenzane   (GAS   loo-41-4)   ACGIH  TLV   loo   ppm,   STEL   125   ppm;
OSHA   PEL   loo   pp",   STEL   125   ppn.
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SUPPLEMENTAI.    INFORMATION   -   CONTINtJED

P.13

A-H®ptane   (CAS   142-82-5)   ACGIH   Tl.V   too   ppm,    STEL   500   Ppm;
Osm   PEL   400   ppn,   STEL   500   ppm.

n-Hexene   (GAS   ilo-54-3)   ACGIH  TLV   50   ppm;   Osm  Pal   50   ppn.

P.ntan.   (CA5109-66-0)   ACGIH  TLV   GOO   ppn,   ETEL   750  ppm;
OSHA   EEL   GOO   ppm,    8TEL   750   ppm.

Toluene   (GAS   108-88-3)   ACG{H  TLV  loo  Fpn,   STEI.150  Ppn;
OSHA  PEL   loo   ppm,   STEL   150   ppm,

Trim.thyl  b.nzene   (CA8  255§1-13-7)   Acam  TI.V  25  ppn;   Ogm  PEL  25  ppm.

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

ISSUE   INFORATION

BY!

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

Ig8UEI)!     June   09,   1989
SUPERSEOESS      March   18,   1988

This  nateri.I  eafety  data  Sheet  at`d  the  lnfomatiot`  it  contains.  ig  offered  to  you  ln
good  faith  as  accurat..     W.  have  revleved  Any  lnfomation  contained  in  thlB  data  Sheet
which  v®  rec.iv.a  frou  .ource&  outside  our  cofnp.ny.    W.  believe  that  iAfor"atlon  to  be

!ii!iiiii:;i!::!i;;ii:i;!!:i:i-i!j:!ii:i:ii:i!i:¥;:O#:i:i:i:i;i:iidF!!:!i!::i:ii::a
or  lnpli.a.
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PROPERTIES Atj:i SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND VERTICAL STACKING

These  non-nitrciglyceriri  emulsion  Products  are  pacr`agecl  in  corivenie
one-pound.  one-half ,  one-thircl.  and  C>ne-quarl.er  pound  cariricjges  ar
formulatec]  to  prc>vide  a  Seismic  PUIse  9qLla!  to  dynamite  for  clear.  shai
seismic recorcjs.

AI:hough  classified  as  high  exp`osive,  seispalME/E  emulsions  are  no.J
headache and  have  excellen(  rests:ance tc>  accic]erl:al  cletc>nation  by friction t
impact.

Spiral.w3und  1.'4  to  i;`2-pound  Paper  Cartrjl`ges  ar-easily  capped  a.`
waxed tc> Sleep well.

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

Weight
Slze
S,yle
Density (giTvcc)
Velocj{y  (fps)  (uncc)nfinec).)

De!c>nation pressure

(ki'c,bars'
Absolule Bulk Strength

(cab,'cc\
Bejative Bulk Strengtr,

(ANFogloo.)

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

49SW
1,18                        i.15

16,500             16,000
100                      100

685                  775

leo                   10S

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

SWSW
1.15                     1.15

15,000         14,500
loo               loo

PACKAGING
Available  in  four sizes to  meet vertical  stacking  ar

•mini-hole" applications. seispF]lME/E  in the one-pour

size   is  packaged  in  thin-walled,   easy  couplir
cartridges  for  vertical  s:acking  or  larger  clownho
shots.

In  the   1/2  to  1/4-poijnd  sizes,  sejspF3lME,'.E

packagec§ in spiral-wound paper cartridges.
All sizes have excellem vi'aie.' resistance and can I

initiated with a #8 strength STATICMASTEB oetonato:

5TH7lTCM45FEf!.€`.  =ie3tri: [i=teriators for Seismic Exp!oratioi-I
DESIGNED  FOF}  SEISMIC  WOBK -  Exclusive  Atlas electric  rr,atch  provides  reliat

Cietc)nation  with  minimum  lag  time  and  scatter.  Full  £8  strength.  explosive  output to  he
insiJre initjatjon of the seismic charge, even under severe conditions.

UNEXCELLED  PERFORMANCE  -F3igicl  statistical quality control tests  are  performf
on  all  components  and  on  the  cornple!ed  detc>nator  to  assure  reliable  ancl  corisiste
perfcirmance.  A  tough,  hard  enamel  coating  under the  plastic  outer jnsi/lation  providi
additional protection against shorting ot legwires under extreme conditions.

WATEB  AND  WEATHEB-PF}OOF  .  Legwire  insulation  is  designed  to  withstar
extremes of heat and cold  and the severe conditions encountered in deep-hole loaclin
All  detonators  contain  a  double-crimped  rubber  plug  to  provide  a  water-tight  sea
Excellent firing ch8racterisljcs permit use in single-hole or multiple-hole pattern shootin!

PROPEF]TIES AND SPECIFICATIONS
•  Detoriator strength - #8
•  Fiinctioning t.lme scatter . Less than 0.001  secc>nd; even

lower as firine  current ls increased
•  Becommendec! firing currem -3 to  10 amps  DC, 4 to  10

an`os AC
•  Wa.ter immersion depth (max. tested) - 500 feet
•  Bridgewlire resistance . 0.9 C)hms
•  Det.onator shel) - Gilding  metal

REDucED sENsmvlTy
TO EXTPIANEOUS ELECTBICITY

A  special  bric)gewire  and  the  SF  featLire  in  the  electric  match
provic}e  reouced  serisl`ivity  to  statlc  electricity.

OPERATING AIDS
With  recommended  firing  cui.rents.  §TATICMASTEFl  electl

detonators meet all requirements for series firing.
WARNING  -  DC)  not  use  STATICMASTEB  electric  de{onators
tile Same circuit with other types or brands of electric detonaLtors.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spool®

duplex  copper  lead  wires  (yellow cctJor)  in  lengths  ctf 40'.  60'.  8C
100.`   120',150',160`.  200',  250',  300',  ancl  4o0`;  and  in  short€
legwire  lengths  (folded  duplex  wires,  yellc>w)  measuring  12.,  2C
artd 24'.
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HAZARDOUS         CHEMICAL      MATERIAL

r- . i . i

S   A   F   E   TY      OAT   A      S   H   E   ET

ATIAs  poveER  cormANr
15301   DAI.I.AS   PARKWAY
SUITE   1200
DALLAS,   TEXAS      75248
TUX  910-860-5237

2.     PREPAREI)  EY:       P.I.   Therriault            I}ATE:        06-24-88 REVISION:      Oae

3.     rmlcAI.  RERGENc¥. TELEPHONE  mJMBms:

EAST  OP  THE  MISSISSIPPI:      717   -386   -4121
mast  OF  "E  Mlssls§Ippl:     4i7  -624  -0212

4.     TEE  RATERIAI.s  DEscRIBm  IN  "Is  DATA  SHEET  ARE:

RAZAREOUS   CHEMICAL   INGREDIENTS

5,     cHEMlcAL  AND  co"ON  ilAlcE(s)   oF  EAzunous  OumlcAL  HlxTORE/INGREDIENTs:

ApexLAll  Grades,   RXL  614,   RXL  615,   PowerAN-All  Grades,   Bulk  EnuJ.sions-All  Grades

Major  Hazardous  Ingredlenc§  Include:
ArmoTiiun  Nitrate
Diesel  011  (In  Some  Formulas)

TS CA                        GAS                             RTECS
LISTED                     NO,                                  NO.

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

Note:     See  MSDS.for  AmoniuzB  Nitrate  I'1us  Fuel  Oil

6.     rmslcAL  AND  cB"ICAL  cHARACTERlsTlcs:
Vapor       Flash    llelting    Boiling    Speci£1c

Pressure    Point    Point®C    Polnc°C    C=avi tv
Hol,
!!Ei     £!±£   Appearance

Armanlun  Nitrate           0                 d              15j              190              I. 725         83         None    White  soliE
Diesel  011                       tid               nd                   nd   .147.371          0.87            tld     Pungetlc  Broun  Liqui
Hixture                              Neg.          nd                  nd           1251.I   to  I.3    NA         None    Trite  cress

nd  -t`.a  Data           d  =  Dissociat:es      na  -Not  Applicable
7.      PFTSICAL  HAZARDS:

Amoniun Nitrate  -  I)OT:     Oxldizer
Mixture    DOT  Explosive,   Blasting  Agent

8.     HEAL".  IIAZArms:
.,--.  '

Carcinogen
Corrosive
n8hiy  Toxic
Irritant
Sensitizer
Toxic
Target  Organ  Ef feces

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

10.      PERMISSIBLE  E]nosuRE  I."ITS:        NO  Daca

Diesel  oil:    Flamable

---    ' ,t=3=---   _

Ref:   Reglstr:`'  of  Toxic  Effects
of  Chemical   Substances   (R'TECS)

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

per   RT£CS
nd   I     No   Data



11.      LISTINCS:

mERIAI,

AN
SN
SP.
EDDN
DO

Emulsiotis/Ah.FO   Blerids
Page   2

NIP  ANxpAI.   REPORT                  IARC                            0SRA
ON   CARCINOGENS                        MONOGRAPHS            CARC INOG EN

12.      cENERAljl.y  AppLlcABLE   pRECAUTIONs  roR  SAFE  HANDLING  ANI)   t]sE:

HYGIENIC  PRACTICES :

AVold  Skin  and  Eye  Contact.     Avoid  Breathing  Blasting  Fumes.
rROTECTlve  mAsuREs  DURING  REPAm  AND  RAIN"ANCE  OF  coNTANINAT£D  EQulpRENT ;

Use  nan  sparking  tools,  avoid  open  flare,  wear  normal  safety  equipment,
Such  as  g3fety  glasses  and  hard  hat.

pROcmtJREs  FOR  cI.EANup  Or  splLLs  Aim  LEAKs:

Bulk  Product:     Isolate  and  contain  spilled  material.   Contact  Distributor
or  Atlas  Powder  for  Spill  Response  Assistance.
The  disposal  of  damged  or  deteriorated  explosives  must  be
carried  out  in  accordance  with  all  Federal  and  State  Regulatior.s.
In  the  event  of  a  major  spill,   contact  the  National  Response
Cetlter   (800-424-8802)   and  the  local  Police,

13.      CONTROL  lqASURES:

ENGIREm"c:

WORK   PRACTICES :

rollav  BATE  standards  for  storage   (27  CFR  151   Subpart  3)
Except  for  Bulk  products,   see  ''Do's  and  Don'cs  -Instructions  and

Warnings"  -  found  in  every  shiI]plng  case.
See  Instl[uce  of  Makers  of  Explosives  Pu.Dlicafions.

Follow  OSEA  Standards   for.Storage  and  Use   (29   CFR  1910.109)
Except  for  Bulk  products.   see  '`I)o's  and  Don'ts  -Instniccions  and

Warnings"  -  £oot]d  in  every  shippln8  case.
See  Instltuce  o£  Makers  o£  Explosives  Publications.

PERSONAL  PROTECTIVE  EQUIPENT :

Avoid  toxic  fumes  from  blasclng,  wear  norp.al  protective  equiptDent,
such  as  Safety  glasses.  hard  hats.   eta.

14.      RER€Eh'CY  AND  FIRST  AII)   PROCEDtJRES:

Do  not  attempt  co  fight  fires  involving  explosives.
Imedlately  evacuate  the  area.    Avoid  toxic  funes  frota  fires.
Iti  cage  of  Skin  contact,  wash  affect:ed  area  `.ith  water.     Eye  coritact  -
flush  eyes  for  at  least  15  nir`uces  and  consult  a  Physician.

15.     DISCIAI}fl}R:         The  above  lnformtion  tat.en  frcm  various  publl6hed  and  ut`published
sources  is  believed  to  be  accurate  and  rep:esents  the  best
infortaacion  currently  avsilable  to  us.     However.  we  aake  no  uarran[y
o£  the  accuracy  of  such  infortnatlon,   express  or  lnplied,   and  assutae
no  liability  resulting  from  lcs  use.     Users  should  tnake  their  otm

SE¥::tsg£E±:3£aEop3:S:::5Fe  the  su±cab±]±ty  of  the  imf orma=±oa  for
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1 220 hkrfu Dexae Bank To`Aer

-

Solo     Sac.   ot   Explor,   Gee.physic
TO       c/o   Ks.   Geologl.cal   Survey

1930   Constant   Ave.
.Lawrence,   KS      66046

INVOICE
iNvoroE DATE mvox3E NO. PAC

11/18/91 40649 1

•dgp

8HIP     Fort   Bend   Co.    Delivery
TO

`

'jp:(`.. }!`....  :      `3R.JEF` 91,lE i    |`'.:,i.`tTjcTueR    i    .S±gg    !   .   .I   ol``EEi.af..i.ac;-jrsE SHIP V!A SHIP DATE TEF'us-4J8TTOTiT/iT/oi
S30

1=....

Our   Truck 11/15/91 Net   30   Days

TEN ro. r" oEsoRipr"
QL.Antr.Tn3L=-r.I:E`E:C. C.L`.¢NTriv SIJIPPEC. STk UNIT lJt'lT Pa'CE PP.res IJN DISCOuRT     i                 EXTENDED PPICE

550408000 80'    SW   STATICM s`TER c,rf
CUCLB,..*sAL.CLBCU•.,.{``,.:....`.!.`•.:\?I'..:..`.,,`'--:.iJ!i--_

• ..   .    -      ,:`:.`r;.;il``.-..;...i...•:..::....•...::.....`...•..`....``-'.I..''..;...:..=i-._-;rfgz,_

97  .  98...-6.`56...`.`{....::..,I`'--.,'3/,14.26.78,c-..-y-I,1.,•~.12.000 12.000 EACH 816.50

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

9o.oo.ooo61`.....-.-,..:..:..,.:....i'`.

•r...-.,.`-,HAz`LAri.Doug .  .inTR

Hribl;
.-CHG                  .I.

§.....-90..,
I.:i.        --'.      -.   ;     .`     1.000,.` • .*sAL .,.   -'.    I.  I   3  ;  1.4.

ooooooool. I.,R:C.C.-HIGH EXPLo IVES''.      4.000
4 . 000 LB 6;506.50,..,.i,II;.~,,-r`+   .,+,,`.I,::``.i`J\.

900000006 is.R.C.C.    -PET NATOR
12.000,'',,,',-,-...-.--.~`~.....-,•...,    ,,.i.I....`,.i:`.:...-.....,.,:` 12.000`,,•,,,`,,•.``,,•,•,,EACHI.

.,-•'f`*;-.:,::(.:I-.`i.',,.-,Ii.<:i.8 J//€
•-;i)  J3/f 3i``-..

`ife `        I             s^LESAMoun.I                              io8.72

I              MISC. CHAIGES I                                             . 00

s^LEs AMcrm 108 . 72

MISC. CHAF`GES .00
FFtElaRT .00

S^LE§ TAX
TOTAL

PAY"ENI F}ECO
BALANCE DUE
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