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KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

I.          PROTECT DESCRIPTION

Project Name:

Location:

Site Safety Officer:

Plan Prepared By:

Non-invasive Seismic Source Test at
Waste Area Grouping 10, Oak Ridge National Lab

Oak Ridge, Termessee

Richard D. Miller

Richard D. Miller

Estimated Duration of Field Work:   2 weeks

11.        STATEMENT OF WORK

Seismic pro filing is planned for FY94 at Waste Area Grouping 10 at Oak Ridge
National Laboratory to characterize stratigraphy and locate faults and fracture zones
which may influence contaminant migration from the site.  The contaminants consist of
radioisotopes which were incorporated into a grout and injected under pressure at
depths of 990 ft below the surface.  Injections were terminated in 1984.  Primary targets
of the seismic pro filing are the fault and stratigraphic layers.  Signals which might be
scattered from the grout sheets are considered secondary targets, because it is unlikely
that they can be detected.  Because of the sensitivity of the area, only non-invasive
seismic sources will be considered for the acquisition.  Non-invasive sources are defined
as those that do not  involve drilling, augering, or excavation, and which utilize no
explosives.  Many such sources are a`vailable, designed for either shallow environmental
purposes (10-1;00 ft) or for petroleum exploration (1,000-30,000 ft).  Since the target
depth falls near the transition zone between the depths for which the two types of
sources are designed, it is necessary to consider both types.

To insure that the highest quality data is acquired, it is necessary to test a suite of
seismic sources at an uncontaminated site adjacent to the WAG 10 site, where both
surface receivers and downhole receivers can be used to detect the signals.  Data from
each source will be acquired at coincident receiver positions.  Sources will be deployed
along a road at coincident positions and under similar weather conditions.  All data will
be acquired within a week to 10 day period during the summer of 1993, subject to safety
permits and contracting restraints.

Requirements for sources possessing limited potential to disturb environmentally
sensitive sites will become increasing important as shallow seismic reflection becomes
increasingly popular for evaluating and classifying the congregation and movement of
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contaminants.  The highest percentage of contaminant sites presently being either
targeted for remediation or actively being evaluated and cleaned-up are at or near DOD
or DOE facilities.  The number of such sites in Kansas is quite low but as the push
toward environmental responsibility gains momentum, the number of sites in Kansas
considered in need of remediation will increase.  The ability to evaluate the problem
without disturbing the subsurface and potentially increase its severity is extremely
attractive and is possible at many sites with shallow seismic reflection methods.

GENERAL WORK PLAN

1.          Selection of Test site.

2.

A test site will be chosen in close proximity to WAG-10 which best meets the
following criteria:

a.      The test site will consist of about 1,000 to 1,500 feet of relatively straight
road with an uncontaminated well at one end of the test site.

b.      There shall be no contamination above background or within 3 feet of the
ground surface in the test area.

c.      The well shall exceed 200 feet in depth and located within 25 feet of the
road.

d.      Dip of the geologic contacts need to approximate that at the wAG~10 site
(about 30 degrees, average).

e.      Lithologies should be similar to those at WAG-10 (dominantly Nolichucky
Fin and Dismal Gap Fin, consisting of interbedded limestones and shales).

f.       Anuncased well ispreferred.

Geophysical Logging of the Test Site Well.

Geophysical logging will be performed at the well at the selected test site to
determine the potential seismic response of the lithologies.  Logs to be acquired
are:

a.      dual spaced densitylog
b.      soniclog
c.      caliperandnaturalgamma log

These data will be ported to Synseis software to generate a synthetic seismogram
for the test well.

Acquisition of Pre-test Data.

To assure that a suitable site has been chosen, a pre-test survey will be performed
approximately one month before acquiring the actual source comparison test
data.  At this time, data will be recorded from an impulsive surface source and
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4.

surface geophones.  The pre-test data will be instrumental in selecting geophone
spacing for the actual test and to determine the depths of imaged reflectors.  In
addition, data from a downhole source will be recorded with surface geophones
to better define the locations of these reflectors.  This task will be performed
during the first trip to ORNL.

Acquisition of Test Data.

a.          Recording system specifications:

Data will be recorded on a recording system using 48 or more channels
(except in the case of the MinisosIE system which will be a 24 channel system)
with high frequency and output geophones (40 Hz).  Three different recording
systems maybe necessary to effectively handle the diversity in sources.  Coded
sources that need correlation and extremely long record times will probably need
to be recorded on the ORNL/UT MDS-10, which was designed for vibrator style
petroleum sources (Vibroseis truck, ITI Mini-vib, and OYO high frequency
vibrator).  [Alternatively, it would be preferable to use the OYO DAS or EG&G
R-48 recording systems to record the coded signal if either are available at that
time.  In that case, no funds would be spent on the MDS-10 and instead, some UT
money would go toward preparation of a connector cable for data acquisition.]
The single impact stacking sources (sledge hammer, Bison Elastic Wave Gen-
erator (EWG), and Bolt Air Gun) and an encoded impact source (Kansas Impul-
sive Swept Source [KISS]) will be recorded on a 48 channel engineering seismo-
graph (probably the KGS 2401x).  The Mini-SOSIE source (earth compactors) will
be recorded on the KGS I/0 DHR-2400 seismograph.  All recording systems will
be capable of generating field plots of data as acquired for evaluation of data
quality and preliminary modification of acquisition parameters.  Once recording
parameters and techniques have been established, data acquisition should take
less than one field day per source.

b.         "Environmental" Surface sources

Six different surface sources which have been developed for shallow
environmental work will be tested.  Acquisition of these sources will be the joint
responsibility of the Kansas Geological Survey and ORNL.  The sources are:

1.      "Wacker" earth compactors, also referred to as mini-Sosie
2.      OYo high frequency vibrator
3.      Bison Elastic wave Generator (EWG)
4.      Kansas Geological survey SIST (swept impulsive seismic technique)
5.      ITI Mini-vib
6.      20lbsledgehammer

WAG-10-Oak Ridge, TN Page 3 October 1993



C.
"Petroleum" Sources

In addition to the "environmental" sources, two sources which have been
developed for petroleum data acquisition will be tested.  Acquisition of these
data will be the responsibility of ORNL and the University of Tennessee.  These

high frequency Vibroseis truck
Bolt air gun.

d.         In addition to the above surface p-wave sources, two additional types of
sources will be tested:

1.      The ITI Mini-vib will be tested as a source of seismic shear waves
(S-wave) to determine whether there are any advantages in supplement-
ing the P-wave work which is planned with shear wave work.  Data will
be recorded at the surface with 40 Hz S-wave geophones and with the
downhole 3-component geophone.
2.      Two OYo downhole seismic sources will be recorded by geophones
at the surface.  Data recorded at the surface from downhole sources
generally have higher frequency content and so have significantly higher
resolution than surface sources.

Processing of Test Data.

a.         Synthetic seismogram data will be processed at ORNL and should require
no more than two days to process.
b.         Pre-test data will be processed by KGS.  Raw data will be provided to
ORNL upon completion of the pre-test and processed data will be provided to
ORNL before the Test Data Acquisition phase.
c.         Processing of data recorded at the surface (geophones) from "environ-
mental" and "petroleum" sources will include muting, filtering, velocity analysis,
and common depth point stacking.  The data not collected on Kansas Geological
Survey seismographs many require reformatting assistance by ORNL and/or UT
staff .  The final CDP processing and analysis displays for all sources compared
will be the responsibility of the Kansas Geological Survey to insure uniformity.
d.        Processing of data recorded downhole from "environmental" surface
sources and data recorded at the surface from downhole sources will be the
responsibility of ORNL.
e.         All raw and processed data will be provided to ORNL with a listing and
succinct description of each processing step.  Additional processing and analysis
may be performed by ORNL.  Compilation of the final report will be the respon-
sibility of ORNL, but will be done in consultation with KGS and UT.

tsources not owned by Kansas Geological Survey.
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6.          Technical

The technical contact for the company is William Doll (576-9930).

Ill.       RESPONSIBILITIES

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

IV.       SAFETY PERSONNEL

Safetv Personnel and Emereencv Contacts

1.         Rick Miller a(GS)-Site safety officer

2.         Larry Musson (KGS)coperatious

3.         Bill Doll (ORNL)Hompany Representative & Project safety Manager
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name (PRn`m                              Company Signature

Site Safety Officer
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Safetv Meeting at Survev Site Date:

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

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

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

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

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

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

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

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

The following people were present today:

Name /PRn`m                              Company Simature

Site Safety Officer
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specific Safetv Requirements

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

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

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

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

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

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

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

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

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

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

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

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

5.         Use the safety equipment specified for the job.

6.         Practice good housekeeping in the work area.

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

with site specific emergency response plans.

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

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

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

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

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

Ambulance:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport:

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Ccordinator:

Project Manager:

Phone

Phone

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

Hospital:
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Procedures

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

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

Certified in:       First Aid       CPR

Certified in:        First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

Certified in:       First Aid       CPR

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

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

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

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

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

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

Specific shotgun ammunition safety measures as follows:

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

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

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

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

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

8.         Work Item:  Seismic Gun safety Rules

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

00perating Environment.  The .50-caliber seismic gun is a single-shot rifle that fires
standard military ball ammunition into the ground.  The projectile is fired into a hole 30
to 36 inches deep and two inches in diameter.  The barrel of the rifle projects about 24
inches below the ground into the hole.  The nominal diameter of the hole and of the
barrel differ only by about 1 /8 of an inch so the ground provides an effective seal for
most of the air-blast from the muzzle and prevents ricochet of rocks and bullet
fragments at the earth's surface.  The barrel is firmly bolted to a steel plate that is 1/4 to
1 /2 inch thick,12 inches wide, and 38 inches long.  Two crew members stand on the
plate to hold the gun in the ground when the gun is fired.  The seal of the air-blast is
good enough that a casual observer located 100 meters from the shot would not
necessarily notice the noise.

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

Energy Release.  The energy release of the projectile is approximately 14,300 footpounds
at the bottom of the hole.  The gas pulse energy is not known, but there is very little
audible sound at the earth's surface.  Under most soil conditions, the bullet penetrates
24 to 36 inches beyond the depth of the hole.  If the bullet were to strike a hard object at
the bottom of the hole, it is highly unlikely that it could come out at the surface.  First of
all, the bullet would be deformed upon contact with hard materials.  Secondly, the
collision would be less than perfectly elastic, so some energy would be lost in the
collision.  Thirdly, projecting to the surface at angles that would not strike the plate
would require a less energetic, deformed bullet to traverse more than 36 inches of
undisturbed soil, which is highly unlikely.  In previous experience, when the bullets
have hit hard materials such as solid limestones or cemented sandstones, examination
revealed that either the bullet disintegrated, or the rock shattered, or both.
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Transportation.  Transportation of the auger gun, the seismic gun, and ammunition is
on a standard one-ton flat-bed four wheel drive truck.  The ammunition is carried in .50-
caliber military-style ammo boxes.  The ammo boxes are locked in lo-gauge steel boxes
that are permanently bolted to the truck bed.  The gun is transported with the bolt
removed.  A steel tube is bolted under the frame of the truck to hold the gun.  The gun
is locked in the tube and is not visible during transportation.  The ammunition is
classified as "Class C Explosive" by the U.S. Department of Transportation.  No more
than 2000 rounds of each type of ammunition will be transported to this project, packed
in 160 per ammo can.

C.        Work Item:  Traffic control

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

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

VII.     SAFETY ANALYSIS

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

VIII.   ENVIRONMENTAL IMPACT ANALYSIS

The environmental impact of this activity has been evaluated and is part of the
categorical exclusion for the site which has been filed by Y-12 Environmental
Restoration.

IX.       REFERENCES

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

From the United States Department of Energy:

DOE Order 5480.16, Fz.rcar77'Is S¢ty.

DOE Report DOE/EV/06194-3, DOE £xpJos!.tres Sa¢ty Mfl7tt"J.

ID Appendix 0550, Sto#derd Oper¢fjo7!az S¢fy Reqtt!.rcmc7ifs, Part Ill, Subpart I,
"Explosives"
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From the United States Department of Defense:

DOD 6055.9-S:TD, Ammunition and High Explosive Safety Standards

A;:R:385-63, Safety Policies and Procedures for Firing Ammunition for Training, Target
Practice, and Combat

We, as members or visitors of the Seismic Reflection Survey conducted by the Kansas
Geological Survey on contract from Oak Ridge National Laboratory, have read the
previous accident prevention plan and understand its content in whole.

Name /PRINT\                      Qa±g          ComDanv                                Signature
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Visitor Requests

Date of Visit

Full Name (as indicatal onREQUIRroLD.ft.rcnlry)
Richard   D.    Miller

CiLkeuship of Visitor
USA

Social Scourity number(ACrmcALifro)
509-74-4958

organization Rc|.resen(ed. Kansas   Geologi.cal   Survey
University   of   Kansas

Chnfact's Name, Phone # Wi.11  I. am    Dol  1

Badge # Ph.    615-576-9930

Purpose of Visit (Bc spedficNorjus("eeLing-
Geophysl.cs   feasibil.ity   study

Bulding§ to be Viisited   .

Authorized Requester's Naqu>PhoneNumber

Vehidehfomatinn.(ifftapuindforequipmen( -notfor(rausportationonly) Offi.cial   Kansas   plate   #00456
White   International.w/32'    trai.1er
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Visitor Requests

Dalc Of Visit

Full Name (as indicatetl onREQUIREDI.D.forentry)
Lawrence   C.    Musson

atkeuship o[ Visitor
USA

Sch.al Security number(ACrmcALirm)
515-84-7195

Organin(ion Rcpresen(ed. Kansas   Geological   Survey
unl.versl.ty  of   Kansas

Cfontact's Name, Phone # W1.lliam   Doll
Badge # Ph.    615-576-9930

Pulpase of Visi( Qc spedficNorjusi"eeting-
Geophysl.cs   feasi.bl.1i.ty   study

BuldiD8F to be viisited   .

Authorized Rcqtuster's Namt>PhoneNumber

VehidelfomatioD.(if Official   Kansas   plate   #4603
rquuiled for equipmcn( -notfortrausportatfononly) Whi.te   Ford  w/30'    trailer
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ife`
^ttacl`inent  4.

s^r[Ty  MAiysls

Potential   llazard

Lost/Stolen  Amuunllion

Ourim   LoadinqAInloadinq:

Dropped  cartrldge

Introduction  of  foreign
material   into  breech  or
barrel

Durinq   firinq:

Muzzle   Air   Blast

Ricochet

Flasliburns

CoTlscflucnces

Personal   iiijury  or  properly
damage   from  ui`aulliorized   use.

Personal    in`i`Iry. from
accidental   tliscliarge.

:

Oamagc   lo  liarrel,   ljreech,   or
bolt  aiid  riisulting  personal
i nj u,.y .

Person.11    ii`j`iry   from   flying
rocks,   soil,   deLiris.

.

Personal   inj`lry   from
ricocl`etti`g  projectile  or
fragments.

l}ut`iis   rroiii  niuzzle   rlaslies
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Mitfqatlon/Prever`tion   Mechanism
I

lmplementation  of   syst`!`il   to   issue   daily
ammunition   allotment   alid  control
inventory,   in  addition  to  physical   control
of  armunilion  at  all   lines.

Assllre  training   of  personnel   tn  proper
llandltng  of   live   ammunition.

Assure  training  of  personnel   1n  proper
handllng   of  ammunition   and   ln-I)rocess
inspection  of  ammunition   and  seismlc  gun.

Close  fit  of  barrel   in  boret`oles
suppresses  muzzle  air  blast  and   its
ef fects .

Design   and  use  of  sets:Aic  gun   prevents   the
escape  of  projectile  oi`  fragments   from  the
borehole  with  sufficient  energy  to  cause
personal  injury.

Oiscl`arge   tnt.o   eartl`   o-?.  contatrment   device
suppresses  muzzle   flasli.



S^l:[TY   ^N^LYSIS
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Polcntial   llazard

Misfire

Accidental   discl`arge  of
seismic   gun

Plugged  I)arrel   -  dirt

Plugged  barrel   -  water

Barrel   disengagement   from
pl ate

Breech  disengagement   froiii
barrel

QLu.r=i_nq___T_ran§Do±_i

Accidental   discharge

.        Consoouenccs

Personal   injury   from
sul)sequent   accidei`tal
dtscliarge   of  misfired   round.

Injury  to  uninlci`ded  target.

Damage  to  barrel   and
resultant  .|}e.t`sonal    injury.

Damage  to  ljarrel   and
resultant  persoml   injury.

l'ersonal   injiiry   to  crew
member(s)   liy   flyin(I   rifle.

Persoiial   injiiry  lo  crew
meml)er(s)   I)y   flyii`{j   lireecli
and  bolt  groups.

Injury   to  ui`il`li.I`dcd   target.

Nitiqation/Pr.cvention!!g_S!LaQ_!£_rQ
!'

Assure   training  of  personnej   in   proper
liandling   and   dis|)osal   of  misfired
anrmun i t i on .

Assure  that  operating  procedures
prevei`t   transport  of  loaded  seismic  gun.

Assure  that  o|]erating  procedures
iiiclude   thorougli   bore   slghting   between
shots  and/or  probing  with  dowel   after
installation   in  ljorel`o]e.

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

Iniplement   an   inspection/maintenance
|irocedure  for  ll`e  barrel-to-plate
attachment.

Implement   an   inspectio.n/maintenance
I)rocedure   for  the  ljreacl`-to-barrel
attacl`ment.

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



s^r[`ry  ANALysls

Pot.ential   l{azard

Accidental   drop  or  collision

Consequences

Damage  to  ljarrel   or   firing
mechanism

Page   3

Mltiqation/Preventitl!,i__Meeha_ni_sD

Assure  that  operating/tra'hsportation
procedures  require  thorough  {nspectton  of
se{smtc  gun  after  drop  o+  collision
incidents.     Selsmtc  gun   is   disassembled
and  stored   fn  si]eclal   compartment  during
velilcular  transport.



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

Handling (always assume loaded and ready to fire)

Transporting (vehicle, on foot, etc.)

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

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

Cleaning

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 caLrefully 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.

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

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



C.        Fitir`g

1.         Assumptions

NONE

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

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsailc   gun   is   powerful   and   must   be   securely   posicioned  when
fired.     Danger  exlscs   not   only  wlch   the   tullec   projectile,   tut  also  with   the
recoil   of  a   loose   gun.     Be   sure   Chat  all  m6uncing   bolts   are   Cighc.     Never
strike   the  gun  or   tx)1C  with   a  tnetal  object.     If   the   gun  is   jamaiing  o[   scick-
1ng,   clean  lt   thoroughly  with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion  of   dirt   and   sand   Co   the   parts.

OperaclotLal  Safety  Rules

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

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

3.      ALWAYS   utilock   the   bolt   when  moving   the   sun   (disam   ic).

4.      }r=VER  tnove   the   gun   w.ich   a   live   round   loaded.

5.      ALWAYS   reaove   the   belt   completely   from   the   giin   for   transporcaEion   and
Storage.

6.      ALWAYS   double   check   safety   procedures.

7.      Use   cotrmon   gun   sense.

Dowhole  node

Be   sure   all  mounting   halts   are   ti8hc.     Do   not   .force   t't`e  gun   don  an
augered  hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   that   t'I`e   base  plate
rests   on   the   ground.     Ha`.e   I.wo   people   stand   on   the   plate   .j.hen   fi[ing   (£l€x
tr`riees   to   absorb   the   shoctr.).

If   the   hole   has   i*atp.r   ln   i[,   seal   the   muzzle   of   c}`e   gun  w.i.ch   Cat)e   oc   a
balloon   co  keep   water   £[om   seeping   into   tl`e   barrel.      Avoid   tt`.ts   slcu..icion,    i[.
possible.     Water   in   the   barrel   may  seriously   damage   the   gun  when   fired.
Injur,.  is  possible.

Surface  Node

Be  sure  all  nout`ting   t)olts  are   tight.     Carefully   procecc   the   breech,
Crlg8er,    and   bolt   when  tnovlng   the   apparatus.      THE   TRIGGER   IS   EASILY   BROKEN
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OPEBATION/SAFETY BULES AND BEGULATIONS
FOF3 TllE

AUGEF3  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   mechanis`m   (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,   maintena.ice,   transportation,   and   storage   handle;.s
must  always  assume   the   firing   rod   is   loaded   and   the  safety  is  off.

Operation    and    Safetv    Reaulations

1)     Each  c!ay  the  Site   Safety  Officer  (SSO)   must  brief  all   members  of
the   seismic  crew  on   the   proper  operation  and   mainter,a,Ice  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  a'ownhole   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   t,'aining.

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.



haproved Shallow Seislnic.Reflection Source:  Building a Better BUJralo

John  IIealey.  Jce  Anderson,  Ric_hard  +I_iller,  Dean Keisu]etler,  Don  Sleei]lcs.
and   Brett  Bennell.  Kousas Geological  Survey

Su-}[}IARY

An  impro`.ed design of the  buffalo gun.
incorporating hole  drilling and  shooting into  one
operation with almost total blast containment.
pro`ided  nearl.`. 50 percent more  recordable  seismic
signal  than  the  traditional buffalo giin.   The  'auger
gun.  is  designed  to optimize  field  efricienc}',  source
couple, and  safety.   The auger gun consists of three
main  parts:    po``.er  source,  auger/screw.  and
rr.odified buffalo g\in.   Amplitude  spectra  indicate the
auger gun  deli`.ers  approximatel}. 20  percen: more
total  energy and 50 percent more reflection energy
`vith no noticeable increase in recorded ground roll at
a test site in Law.rence. Kansas.   Subtle changes in
source en`ironment. such as a  15 cm gap between the
detonation point and the base of the hole or inclusion
of ``.ater as opposed to air ac the detonat.ion point.
h3`.e a signi;-leant effect on the qu3lit}. of the recorded
data.   The  auger gun  shotild increase  field  efr]ciency
b.`. o`.er 50 percent on most shallow s.=r`.e}.s.  ``.hale
impro`ir.g the sigmlto-noise ratio  and total energy
in  comparison  to  :l\e  bafTaio  gun..

I`-TRODUCTIO.Y

Increasing  environmental  and
engineering  applications  of reflection  seismology
hat.e  spurred  research and  development  or shallow
high-resolution  reilection tec}nnia.ues  and  equipment.
Resoic:ion on tr,e or€er ot-a meter is  necessary to
detect rl:ra,s:-.al`iou. ta:gets-generall}. the  goal  of
most  en`iror.mer.:ai  ar.d  e!}gineeri.|g  stLidies
(S:eepies  and }1iller,  1990).   Resoi.ttion car. be
increased by boosting the recorded  frec.uenc}. and the
siomal-to-noise ratio of reflection w.a`.ele.Js.   Recent
ad`.ances  in  engineering seismograptT.s  have  made
possi.ole cost-efrecti`.e acquisition of 15-bit or greater
floating point data.   Generating a big.n-frequenc.v
seismic  source  pulse  has been  accomplished  in  a
mul[icude of differe.rit wa}.s in the past (Miller et al.,
19S6).

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

the  200  to  GOO  Hz  range in companson  lo  n3nir.ier
sources  (Pul]an  and  }IacAula}.,  19S7).

DESIGNANDTECH.\'IQL.E

The  acger gun is  dos:gned  to  optimize
field efricienc.v,  source  couple.  and  sarc-ty.   .i  measure
of success  with  the  do``.nhole  sho:gur.  source  /as  \`ith
an.v downhole  explosi`.e  socrce)  can be  rel3tc.a  tc
efficiency in  generation  of broad-band,  hig!`.-
frequenc.v  energ:,..   Impro`.ed  enei.g.v  transfer is
obtained when  do``.nhole  pl3ce^|`er.t  of. the  shocg`m
shell includes  a  ``.ater stem  and  restricted  recoil
(Miller et al  19S9).   Containment of the air-coupled
wave has been  at least partiall}. accomplish.ed for
dow.nhole  projectile  sources  w.ith  a steel  cor.tainrnent
plate (Steeples et al.,1987).  Tc obtain proper
dow.nho]e  placement  of e.`isting gun  sources.  a
minimal  diameter  pilot hole  (`generall}.  6  cm.  or  so)
approximatel}- SO  c,I.  deep  must bc` bored.   T!ie  3.|ger
gun  descri'oed  here  incorporaie5  all  the  p:.e`..ioi:s
operations  a.|d  conf:1.grr3tions  into  3  sill:-!e  pass
source.

The  ai:ger  gijLr.  consists  o!^ chrc..3  r.`3in
parts:    pow'er  soQrce  (skid-steer lcade:),  auger.scre``.,
and  modiried  `oulralo  gun (.Figure  I).   The  po\`.er
source  for testing  descri,bed  he!.e  is  a 25  !ip. i-\\.heel
dri`.e,  1.2  in  u.ide,  h.`.draulic  loQder.   The  auger.'screw
is  a  modil-led  h.`.drat:lie  auger  lhal  recei`.i`s  t[s
hydraulic dri`.e  po``.er from  the loader.   The buffalo
gun used  for :hese  tests \`.as  c.longaled  to  s!!gh[::,.  c`.er
2  in in  ler.gT.:-..  {s  6esigried  fo.-bottom  loadi.-.3  `''3s
opposed  to  ::-.e  stari6ard  scre\\'-on  l`ead./,  sc:er.c:a
firir.g,  time  break  :.ron  a  :c.,.`.I.:-.o'ie  ser.ssr.   T:-,e
fi.ring  pin  I.as  an  a.|ior.`a[ic  (spring-lo3ded`,i  s3:-et}..
These  compone.rits  '.`.hen  assembled  repres€r.t
approximatel.v  1500  kg and are ti.ansportable in the
bed of a standard pick-up tuck.

Operat:on of the auger gun  is  a three-
step  process:   (I)  sc.-eu.ing  the  auger night  into  the
ground,  (2) loading and  firing  the gun,  ar.d (3)
unscrewing  the  auger  night  from  lhe  g:.ound.   Once
I.I.e  4-u.heel-dri.`.e  ]oader is  in  place,  :he  ccnta!nment
plate  is lowered  to  the ground  su!.face  with  lhc  w.eight
or the loader placed  on  the place.   Tl`e  hollo\',.-slc.in
avger night  is  t.hen  screwed  into  the  ground  using a
gaging de`ice  desig?I.`d  to ensure  t.he  n;ght is  screu.cd
into the ground at a rixed rate and no rr.aterial is
remo`.ed  from the  hole.   Screwing the  auger flight
into the gi.ound accomplishes both e.`ceptional blast
contairiment  and  minimal  residual  borelioie.   After
the auger flight ts  securel.v screwed  into  the  ground
80+ cm.  the  modiried  bufralo  gun  is loiided  :.b}.  sliding
the gun  o`.er  a  shotgim  shell). Io\`.e!.i.d  do\`.n  the
center of the h}.draulic drive  head. t.nrough  the
hollow  st.em  auger  rLig!`ling,  .ind  si..ted  il`io  a  sleeve
at the base of the  auger flight.   Water can be poured
through  the  hollow  stem  auger prior  lo  do``.nholc
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placement of the buffalo gun to  impro`'e  source
couple.   Once  positioned, the gun  can  be  fired  by
either a  hammer impact on the  top  of the riring pin or
with  an  electric  solinoid.

Safety must be of the utmost concern in
an.v  operation  invol`.ing seismic  soiirces.   Designed
into  the  auger gun are several  critical  safet.v
impro`.ements over the traditional buffalo gun.   First,
is  the improved loading design that does not require
the operator.s har}d  to come any closer  than  a meter
from  t.he shell either during loading or  while  the live
shell is in  the  firing chamber.   Another improvement
is related to containment of the entire gun
rriechanism  in its  dou.nho]e position  throughout the
firing operation.   Finall}., the  firing-pin lock or sa,fety
is  spring-loaded and does not  require  operator
ir.:er,'en[ion prior to firing.   The  entire  design and
operation of the auger gun revol`.es  around
maximizing  the  recorded  reflection  energy  without
compromising tbe safety of the operator or
bystanders.

The auger gun incorporates several  key
charaLcteristics  designed  aLnd  previousl}.  show.n  to
enhance  high-frequenc.v  seismic  signal  at  the
expense  of air.coupled  `vave  and  ground  roll  while
maxirr^izing  mobilit}.,  operat.or  safety,  field  efricienc.v,
and  ground  coupling.   Containrnenc  of the  explosion
is op:imized b.`. screwing the  auger into  the  ground
and  positioning nT,os: ot-:he loader  u.eight on  the gun.
Fie?i  e:Ticienc}.  is  rr.aximized  b.v incorporating  .ihe
borehole  preparation viiLh  the gun  placemen: a.`d
deconacion.   The massi`.e nature of the  desiocm and
impro`'ed  shell-loading procedure  minimizes  risk  to
the operator.   }lobilit}. is onl}. restricted b}. the  1.2 in
Wide. 4-w.heel-dri`.e loader.   Environmental  impact is
T^i.r-.imal  u-:th rezr.nants of the  operation restricted to
a  nominal  4  cm corkscrew hole  approximate}}. 80  cm
Gee?.

R=S'L-ITS

Data acqui.red for this test `'..ere recorded
on an  InpuL'Outptit DHR-2400  seismograph wit,h no
analog low.-cut filtering.   Tbe  sampling incer`.al  w.as
V2 ms  and record length waLs 500 ms.   The  recei`.ers
were three L2SE }[ark Products 40-Hz geophones
wired in series and arranged in a  I  in in-line arra.v.
The source-to-closest-receiver ``.as  20  in With a
geophone station inter`.al of 4 in.   The  shells used  for
this test were 8 gauge, 400 grain black powder blanks.
The  recording environment was  consistent
throug'nouc  the  comparison.

Auger gun and buffalo gun rield files
acquired  under identical conditions  allo``'s  for
comparison of several key source  characteristics
(Figure 2).  The amplitude of the data is noticeably
higher with the aLuger gun with very lit:le difrereiice
in the dominant frequency on either field file.
Reflection information is not directly interpretable on
these shot gathers.  A 150 Hz digital low-cut rilter
re`.eats 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
un filtered files.   Some subtle indicat.ions or 50 Hz

ground  roll  are  slill  present on  rilli`i.ed  ri)i`s.   'l`lii`
gcncral  characteristics  of the  80  ms  rencclion  seem  to
bc consistent  for both  sources.

AmpliLude  spectra  suggest  the  auger
gun  produces  more  useable  seismic  energi.v.  per grain
of explosive than  the traditional buffalo gun (Figure
4).   Alrnost 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 ot)served on spectra of unfiltered data.
Peaks in the spectra around 90 Hz represent
reflection energ}- ac this  site.   The auger gun deli`'ers
almost double  the  recordable  high-frequenc.v
reflection energ}. of. the buffalo gun.

Su.bt]e  cr`.anges  in  source  en\.ironrr.ent
make  considera.c;le  diffei.ence  in  the  amplitt:de
spect.rum  of auge.r gun data.   Lea`ing a  15-cm  air-
filled space betu.een the base of a. shell loaded in the
auger gun  and  the bott,om of the scre``. hole  reduced
total recorded renection enengry almost an order of
magnitude.   A water column placed in the hollow
stem auger flight just prior to loading the shell tight
against t.he base  of the screw hole incrcascd  recorded
reflection energ}. b.`' o`.er 50 pl`i.i.i`nt.   Sjgi`irica[`l
`.ariability in  frequenc.v and amplitude of the recorded
er.ergr  resulted  from  slight changi.s  in  t.he  do\\.nl`ote
environment.   T^h.ese  subtle  changes  a!`d  their
resul..i.ng ef?eec  on  the  seismic dale  3!.e indicati.,.e of
ho\\.  [:r.e  near  st=:-ace  acocslicall}.  responds  to  g.;n
pow.der  explosions.

CONCLUSIO\-

The auger gun should represent a 50 percent
impro`.ement in  acquisition  rates  and  recorded
reflection energ?'  at most sites  \`.hen compared to  the
tradit.ional  bBfralo oqun.   The auger gun is  a
modil-icat.ion  of the  original  bufTalo  gtn  dc-s;.gn
(Pullan  and  }Iac.lola.`.,  19ST), and  at  son`.e  si:es  \`i}l
represent  an  impro`'emenc.   .is  with  all  seisr.ic
eo.uipment  and  tech.iiques,  site  cr.ar3cle=is:ics
dictate  relaci`.e  effecti\.eness.   One charac:eris:ic of
the auger gun that is noc site-dependent a.-.a does
represent aLn  improvement o`.er the buffalo  gun is
overall safet.v.   The massi`'e nature of the a`|ger gun
should  allow  detonation of series  c}`arges  to:all.`. as
much as  1000  grains of black po``.der.   P!.e!iminary
testing indicates  that al sonic silt.s  iL n`a.`. bc' possiblc
to acquire o\.er 500  shotpoints a da}. \i.he!` s:at!on
spacings  are  5  in or less.
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l}ovnl`ole   .50-c.lLbcr   ltlfle-.n   ^ilv.nco    ln

Ill/,I.-rc.ol`iclol`   S|.1.I.lc   Sourct:.

I).>n    u.     ScccTilc..     A(cli..ird    D.     XLLler,     k,)liih    V.     KI`app,

^.I`-..1s    C¢{iloi;lc.il    Survey.

si'`urL^Ay

ln   .1   dLcecc    coopArL.on.    the    dovohoLc    .SO-c.lLb€r
•el.oLc   .ou(cc   produced   .ore   sell-Lc   cnct'8y,   a
broader   body-v.v.   I requcncy   speccrua,    .A   .ilpll[ude
dt'op   Ln   the   all-coupled   v.ve.   .nd   .   hl8heT   dodln.nc
!r.quef`cy   of   the   recorded   body-v.v.   energy   th.r`   the
•Ller`ced   eurf.ce   .50-c.llbcr   .ouTce.      The   recoTd€d
•el..Lc   .r`e[8y   of   Cl`e   dovnhole   rLf le   ihoved   .n
Lt`c:e..ed   .dpllcudc   of   6   co   12   dB   over   ch.(
recorded   by   Cl`c   .Llef)ccd    .urf.ce    rLf le.       The   dorLL-
f`mc    (rcquency   of   Clie   record.d    ref leccLon   er`er8y
v..   conslstencly   20   [o   40   Hz   hl3her   th4I`   the   .ur-
f.ce   TLf le.     Ttic   .Lc-coupLed   v.v.   .epll[ude   va3
dec[e..cd   over   12   db   by   .ub.utf.ce   I lrlt.8   of   Che
rlf Le.     Th.   ftequeficy   .pectr`A  of   Chc   body-v.v.
pal.e  va.   b[o.dencd  by   .lio.t   .  h.lf   OCC.vc  otl   the
hleh  .nd.     The  ..fe[y  of   op.t..[1oQ   of   chc   .oucc.1.
f`oc   co.proal.ed.     Rcfl.cCoc.  vlch  .  doAla.rl[   fre-
quency   lA  .xce..  of   LOO  »z   c.a   b€   c..lly   ldcnclfled
oa   I leld  I lle.  .C  depth.  of  le..   Ch.a  30  .  u.1a8
[h.   do`rr`Iiole   .50-c.lib.I  TLfle.     Ideaclflc.Cloo  of
loo-l[z   r.Cleecoc.   £ro.I,loo  .1s   po..1ble  on   fl.ld
I lLco   of   .ulcLpl.   vecclc.lly   .c.eked   do`ml`oLe   .50-
c.llbec   .hoe..     Th.  .ource  vlll  op.I.te   LrL  .a
a:I LCLenc   dLant`er   colleccLng   COP   d.C&,    cotLoon-of (see
d.C.,    oT   .poe-cot'[elAclorl   d&C..

iHTaoL>uciloH

]nrr|..`nlni:   el`vtro.in.`nc^`   .`nd   cnglntcrlng   .|lr.li-
l.iill."   u{    rt!1.lccclu.`   .el..ologjr   liavc   siiu[r€d
•c.e,`rcli   .ilid   dcvelopdiel`C   of   ehal`ov   hl&t`-reftolucLori
Ct:(LlfccLu.`   lcctirLLqucg    A.`d    equLi>-€o(.       Rt!solucLoli   ot.
(lic   a.Jet   a(   A  neceT   I.   necee.try   Co   dccecc   uLcr.-
•Ii^LLo-tar8e[.   vl`Lcl`   .re   goner.lly   cl`c   goal   of
•of c   envlroi`ui¢i`CJ`l   .il`d   cnglriecrln8   .tudte..      Thl.
I(`crc4.I:d   rcsolucloA   can   bc   obc&Lned    by   boog[Lng
cl`i.   lrl..i`ic``cy   of   clie   .ource   pulse   .hlcli.     Ln   [urn.
LAcrea€es    Chc   doelA.r`c    i rcquency   o£    the    recorded
•eLs.`'.c-ref:ec::oA   One:gy.      CenccacLAg   the   lil€h-
f re|uc:`cy   sels=lc   scurc€   Ful6e   Aecesea:y    for
•l`allov   a??l!:A:1cn®   ha.   beer`   acco.pllshed    lA   a
aul:i:ude   o€   e`.i :!:en:   va,vs    Ln   [+.e    past    (Xllier   ec
al.'     198o).

Reccnc    Selsr8Lc   source   advances   a:    the   K.)r`6.is
C€oloslcal   Survey    (KCS}   have   iialnly    I.evolved   arourid
Surfact!    pcojcccLLe-type   6out.ccs    (S:eeples   and
KJ`.pp.    1982;   Xlller   .nd   Sceeple!.    1986:    Seeber   .nd
Steeples.   `986).     A   .30-callbe:   [1fle,   .hlch   .|s
deslgried   .nd   bull:   to   Safely   fire   a   750-g:ale   bui-
lct   vcrcLc.lLy   tnco   [lic   ground,    has   Bore    recer`[ly
bee.`   *dai)ted   Co   operAce   p..cl.117   underground   vl[h
oAly   Cl`e    flrLn6   Appac.Cue   above   8?ouf`d.      Ihls   al-
loys   .ace   operaclofis,   a   hl8her-i :equei`cy   .ource
pulse,    and   ari   lf`c:eased   9igi`al-:3-noise   raclo.

P±S.t.tin..4.N.I!.:I.Ii€LI.H.I.qtLF..

Tlic   I:i!iicr"I    deslBi`   cer`Ccrs    aroul`d    o|itlnl7.ti`i:    [l.a
cui`vct..`lu.`   I.I    ci`..rgy   iiroducl.d    by   .`    .)u-c.illui.r
rlf li.   I..Ill..c    Inca   .clsmtc   (act.u6:lc)   ..1`/es.      Tl`¢

•ajorlcy   o{    chc   ener3y   produced   b./   a    .30-c.llb¢r
round    8oe9    Loco   ^c:ale.4Ctnt;    [Itc   p.ojec[Lle   .`r`d
lnco   e*h.u.c   g.se..      Prevlou6ly.   vlcI`   .bove-8cound
•ources.    vc   h4vc   sll.need   .nd   d(.pcrsed   [l`c   ex!iausc
8a.e8    1Ti   hopes    of    elLfllA.CLog   or   .C    least    8Ce4Cly
reducLn8   (he   ef I ecce   a(   (he   .Lr-coupled   vlv.   oo
ael.olc   d.ca.     The   dovnhole   .to-c.1(ber   rLflc
neArly   .1iaulcaneou]ly   e*cLces    the   ti`r[h   vL[li   .1
p[ojecEILe   .nd   vL[h   ezJ`.u.c   g.SI!S   vhlle   corlcaLnLn8
Aoec   o€    Chc   all-coo?led   v4ve,    resvl[tng    Ln
lncre..ed    €requenc.v   .Ad   8L3n^l-Co-rlolse    T.[Lo   oi`
8el6aLc   record   st::loos.

The   dovrihole   .SO-e.llbcr   sels®lc   soucce   conllsc.
of   .   .50-caliber   rlf l.   bolced   Co   .   O.6-ce-Chick
•te.I  pl.[e.     The   rLfl.   Lc.elf   ls   .  .Clnd.rd   .50-
c.lLber   breech   .nd   bolc.   buLIC   by  Texa.   Cud   .Ad
M&chlite  Co.I).ay.   .[[.ched   co  .  .C.ltd.rd   .50-c.1Lbet
•.chlne-Sun   b.tt'el.     WAchLned   s.oov.3   Ln   the   b.rccl
•t'e  u..d   ln   cotijuf`ccloa  vlch  .   p[.S.Ore   cl.ep   to
•cC.ch   chc   rl£l.   to   .   30-cfi  by   90-c®   .CeeL   pl.[e.
The  [1fle   b-rr.L  ls   lou.red   loco  .  60-  to   80-cfa-
deep   borchole   .   ca   Lri  dl.aecer  uri:tl   the   pl.te   1S
I luih  vlch   Ch.   ground   eutf.ce.     Thl.   steel   pL.:e
&c[.   a.   a   €cound   se.i   .nd   a   Tllacfon   Co   stand   on
vhlle   flrlt`8   the  Sun.     1lie  vcl8h[   of   the   shoo:er   oo
the   plate   ar`d    the   .rius   I Lc   of   the   b.Trel   Co   [t`e
bo.ehole   vallf   help   .c.I   Cl`e   gul`   Co   :l`e   grourid.
Tl.e   T1!le   can   be   equip?ed   vlth   a   source   3cASor   or
cL®.ut.c    Nvtcch    (a    el`.i`:r..ti.    ;I..I;na    hri.;`k.        F'lr!iii:
curl    I)a   Jo.`c   el[l.|..   i.li.clrlc..lL.`.1}.   s.)l|.I`olu'    ur
d,1^Ii^`ly    by    ptl``I®i:    [1...    rr[i..i:vr.       Tl`I.    .I .... il.`]li`     .`u-

c.illbcr   v€lBlis   .boul    31)   .<G   ;.i`IJ    lx   |.... sily    l.-a-|i¢c>uii
po c I . b I a .

I.t{E()Ur:.vcr   ^H|)   ,|-.u|.I

Tli.   do..`l.ale    .`L`   c;illh.;r    iii.uJ`ii:|.i    `.ru .... I)    12    illl

8rcacer    recorJa5le   sets.=lc   cL`er:.v   .=    equLvaLco[
a:fse[s    [l`an    [lte   s!`.er.ci.i   Sur:ace    .50   cilli5er    {[16.
I).      The   lT`crcls€:    re:.::cd   cne:6:..   .03os:I    :.lc
slgrLll-co-aolsc   e-.ou3h   :a   S`ibs:.A::all.v   cicar`   il:)
the   record   see:io-..      :.`c   sou:ce-c:-closes:    6eo,1:`c.-.e
offset    ln   fl3.    :    1s    43   =.       Besides    :?:1s    A3cice.`'o`.a
lnc:ease   lo   :ec3:=e:   §eisiLc   c`€rs:..,   a   car.sis:€:`:
20-4011z    hoosc    I.   [I`e   do.lnal`t    f rc.:`ie.`c.v   of    cl`¢
Source   v.ivele:    !S   €!`..`f.c:<rl.Ctc.

(a   previous   sh.llov-sol;rce   ca.-.pa:isons   (y.iller   e:
al.,    L9S6),    Che   sucfA:I    .50-c``LLbe:   per€or`cd   co=-

paT4bly    co   HIA1-?:iE}acor±   and   ,1    I.;-6au6e   5uf fa:a
gun   ln   total.   ener3r   arhJ    I rcq`il.iic/   i?eccru=.      T!`e
noted    LAcreasc    I.1    I rt!.iucr.=y   .iliJ   €r`erj.v   vouLd   8.`'.... !
[hc   dovnhole    .30-callb€[   rlfle   co..;.`rabl€   co   C:`e   3-
gauge   Buf falo   gun   which   va!   .`aoTi€   :he   bea:    .ov.-ces
Cesced    for    re!ie=:i?r`   e~.!r3y   ve=3.i;    3:oui`:    ro'.`.,
local   energy.    .nJ    I ccqu€r`cy   r.u.`cei`:.

S,\1.'1.:'l'Y

a.ILL.ly     HIIu..iJ     ::i.     ..I       L!...     `I(.u..::|     i.... I`.|.I.I`      i.I    ;I1.}.

oi.|.r;`c(®.`     L.`vol.:.1::     `..i`.`l.:    .:,.I,i..:|.`.        Tl ....     r{r```     (.i11



iiti.``l``il`I     .So-C.L`n®r    wlf  lc

mn`li`lc(I    ol`    A    O.6-cm-tl`Lck    .Cccl     plACc     Co    iiriltcr.I

[t.c    o|icr.itor    f Col.    f f.Bmci`c.    .nd    Co    hclr}    hold    Cl`c
I..""    "..`..iir`.ly     11`    f``"C|..        .ill.cij     Ll`c    I.roj`.cillc     lw
f Lrl.d    fro.   a    hole    And    bt.cccli,    orlgln^lly    dQOLknc.I
•1s    a    nc.ir`d.`rd    [lrc.r®.     Ct`¢    ut®o.I     ln    I.A(ccy    1`.1..
•``rl.... Iy    lil.|.n    `li:.18i`c.I     tnco    cl`c    nccu^l     ftrlnr.
in.:cl..`illi ....       1.lit:    hole    d..d    url.|.ct.    iliuliu{^cl`irl.r
desL3ncd   the   app.ra(u.   r`oc    to    flag.en[   cvcn   lf    Cl`c
b.crel   v.-coerile[ely   ob.[ruc[ed.      The   ti.rrel   I.   Ln
Hci`I``l..r`I    iiw.;    by    Cl`c    u.     S.    nlllcnry    a.`     .io-c.`llhl.r
•.cl`l.`c   bun..     tlie   excr.   ChlcLoe..   of   .   ..chlr.e-gun
b.rreL   .erve.   (o  dl..lp4ce  heat   .t`d,   e.pccl.lly   ln
our   c..e.   p.oc.cc.   I [ol.   blov-ouc   lf   I orcLgn  e]4C.[-
1.18et.    Lr`Co   the   b.Trel.      ThLe   ne[eg   coritlTluou.
over.Clon.   ..{a  .nd   cor`.I.tent.

C^S£   SluuY

Sllenced   .urf.ce   .50-a.1lber   v8   DovnhoLe   .50-
callbec.

Tl`e   t!lr€cC   coop.t.I.oa   of    clie   .ur{.ce   n``d   Cl`e
dovnhole   .50-caLlb.t'   rifle.   v..   pecforoed   ne.I
WLnccr   P..i,   Color.do,    1n   .r`   .cceap[   [o   dececc   [l`e
Hot f.c   r&LL!o.d   [ul`f`el,   851-belo`r   the   .u[:.ce.
The   recelve[.  vere  .ln81e   loo-Hz   &.opt`ot`e.  vlch  .
I.2-.C.[Loa  lAcetv.1.     The   .outces  vet'e  4.  I  fro.
[h.  clo.e.c  I.c.1v.t  .c.cloa.     in.  [c.ultln8
recorded  fleld  flle.  plo[[ed,   a.1f\g   true  ..pllcude,
cL.Arty   .hov   Chc   lncr...cd   .I]pllcud.  And   the
Lncre..ed   .1gn.I-[o-oof.e   r.clo   of   the  dovf`hole
rlf Le   4.   col.p.red   [o   the   .urf.ce   .ource   (fl8.   1).
A   g1.rtn8   dl£(erei`ce   i.    the   &b®eAce   of   41r-coupled
v.v.   on   [hc   field   file   uelr`g   the   do`rahole   t'1fl€.
The   i:equency  dlf ferencc   11   obvlo`is   oA   the   .apll-
cude   .pec[r4   (flg.    I).

Oovr`!`ole    .50-a.llbet.   Field   rlle6    .nd   Soeccru®

?he   dour`l`ole   .50-c.llbec   [1f le   c.a   produce  .
•oucce   pal.e  vL[h   .   doaln.TLC    rc:lec=1otl   fTequeacy
lA   excc..   of   loo  Hz   (f lg.   2)   vhea   u.€d   vlch   .flll®8
1ov-cue   I llcer.   Ch.c   h.ve   a   -)   dB   poLnc   of   220   l{z
.1i`.I   A   24   du/oc[Avc   t'oLlof I .      C'.eAr`   .lnteue-ph...
rc(LeccLot`  vavcle[.,    e..1ly   ln   clce.s   of    L50112,
can   bc    ldei`cLf Led   dove   [o   270   a.ec   dLrec['.y   off    Chc
fLeLd    £1le   (£1€.   J).      The   .pee::ure   a:    [he   re:i.ccor
^E    8S   osec   ls   alEiosc   a   oc:aves    .cross   vL:!i   corner
frequenclcs    o€   40   and    Z90   Hz    (£1g.    3).

The   do.nl`olc   .50-caliber   rlf'.e   hjis   not   only   .oecn
ii..)v«i`   [u   bl.   .   ugcful   .l`aLLov   hl8l`-re.olu:1o.`
re€lcc=1on-selsnllc   .ource,    1c    .1.a   poe.esses   the
cap.blll[y   Lo   penecr.Ce   a6   Ouch   a.   I.LOO  a   of   .cdl-
menc^ry   vel`eer   ovet.1|1n   by    15   co   30   a   of   veache:ed
•lluvlun   (ilg.   4).     rlie   [eflccclon   .c   720   ...ec   or`
[hc   I leld   i Lle   LS   ^rbockle   doloBlce   .c   a   depth   of
i,loo  a   ln  ce``cr.i  K.r`s...     Thl.   elgh[-shoe   .Cock
va.   recorded  vl:h   JO-tlz   lov-cue   fll:ere   .od   ten  40-
Hz   geophofie..      The   domlnaAC    frequency   o£   the
reflec[1on   energy   ls   .bout   loo   H2.
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'Jlin . /YI A I I r\ I A I
~JILJl|JIJIL    SAFETY  DATA

OCEAN®   Network
EMEf]GENCY  PHONE  1-800-OLIN-911

SECTION   I.  lDENTIFICATION

SECTION  11  -NORMAL  HANDLING  PROCEDURES

SECTION  Ill  -HAZARDOUS  INGREDIENTS

B^SIC  Ll^TERI^L                                                          °±HL^                      L0 50                    lc so                        SICHIFIC^HT  EFFECTS

I,ead 50          ® No  Data NO  Data Eye irritation,  fatigue
ug/rr`® disturbance  of sleeD

SECTION  IV -FIRE  AND  EXPLOSION  HAZARD  DATA

SECTION  V-.HEALTH  HAZ^RO  DATA                ----  :,    ~ ..... r'..



S€CTION  vl-TOXICOLOGY  (Product)             \JI,:all    A;I-,i5    .u.I,I.I_u_     .

SECTION  VII  -Splll AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^CTIOH  Fon  H^TERl^L nEL£^S€ Of` Splu
Remove  all  sources  of  ignition.    Wear  goggles  and  gloves.    Use  non-sparking  uter,sils  during
cleanup.    If  containers  are  darnaged,  wear  NIOSH/MSHA  approved  dust  respirator.    Follow
OSHA     regulations     for     respirator    use.    (See     29     CFR     1910.134).         Minimize     pewder
contamination.   Clean  up  aLnd  place  in  an  approved  DOT  container.    Isolate  and  do  not  seal.
Label "Small Arms.Ammunition".   Wash an contaminated  clothing before reuse.

in  the  event of a large spin use  the  emergency  telephone  number  shown  on  the  front  of  this
shee+"

TRANSPOBTATION  EMEBGENCY,  CONTACT CHEMTf]EC 50CL424.93cO
WASTE  OISPOS^L WETtloo

Dispose  of  contaminated  product,  empty  cont&ine.rs    8Jid  materials  used  in  cleaning up spits
or leaks  in a  rl`anner  approved  for  this  material.   Consult  appropriate  federal,  state  and local
regulatory agencies  to ascertain proper disposal procedures.

SECTION  VHI  -SHIPPING  DATA
0.o.T.cuss                                                   CLass  c  EXIiosive        OR1`.I-I)

SECTioN  Ix -REACTivln  DATA

SECTION  X -PHYSICAL  DATA

"€lTIHG  POINT              N/A v^PoA  PAE3SuF`E                    N/A vouTIIES                                   N /A
BolllNC  POINT                N/A SoluBllltt lH W^T€f`          N/A Ev^poRA.rioN FL^TE          .-.|JJL

ispECIFICCF`^VITY  (H,O.1)          N/A pH                                               N/A VAPOR OENsltt (^lr.1)               N/A

lNFOBMATION  FuflNISHEO  BY:

1475

C.  C.  Ncronan
(203)  789-5436

DATE          Novemberl6,1985

D®partm®nt ol Envlronm.ntel  Hygl®n.  and To)
(203)  7(

olin  cOF]pORATioN
120  long  Bidoe  f]oad. Stamlord,  Conneclicul 06

0CEAN®   N®twork
EMERGENCY  PHONE  1.80CLOLIN.911
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S.clloa  V  -  F]..cthrrty  D.I.
Slur, Ur- Couiuouro^Ved         Fianeg,   Sparks,   percussion  or   shock   and  hlgb  .

SLdy
X temperatureg    (130.C)

lrl-a-l"IltT (A/./.rt./. /a Arod  .. Strong  mineral  acldg  and  alkali.
Hrtyca-0-7d`tr` Cr Btp"   c*ide8  of  carton,  nitrogen  and  lead  fco®S.- try C- C-k'^ut       Heat,  fire,  static,.  £rlc:tlon  and  percl]gglon.

vvu ra Cdr
X

I,

S.ctJon VI - He.lth Hazard b.t.
pailiii ol inn(                      lr`t`'f.`m?      runes Sth7   cuts  or  abragions  -REtrl?cles

LTn#E `fri;€engctoria ,  esbr.rotcxi,i , malnutrition ,
veaJ<ness,   Tnental   confusion, oallcr  .

treat  per  general  lead  expegtyre;.  headache  and  nausea

Cffl£?run..            NTP7                                             unc l*anog-®h.7                           °SH^ ftyJEd?   Lead.  yes

Sind9yr-a/E-Jr.      .      F`efer  to  health.hazard  akeve.           `                                      .     .   .

uriJ Ccrctor-   .
Girir=3-+ A_~ed try E-JI. Gast=oLntestinal   tract;   kicheys,.  blood  and  central  nerrcu8

6ys tell.         (ch's )

Skin  -  £lu8h  `dth  Water;   i£   8valloved  seo*  B`edical  attention

irmediately.
S+ct}on  YII  -  Pr.c-utlon.  for  S.I.  Handllng  .nd  U..
S.p  I)  9.  Tot n A C+..  W-.rld b F`±t.+_`i-i±  cr SpAd                                                                                                                        +

l'se   .|cr.-spa=klng  equi.mer`t   to   .1g.a..lop  and   store  slells  -avoid  ignj.tlon   so.d==es.

WI' Cigr± LJ-
Material be  burned  per  'a? rc>prlate  I edera]t   state  and  local reoula aaencr/  -

contact
F±jttr e a. T.h I H-rdrq .rE) S=anq

Refer  to  released  or  Spilled  det&. abo`/e.
Ctr Piiedha

Label  containers  -  "Small  A.Tng  AJunnitlon"  wear  gloves  and  ghrapr.el  protection.

S.ct)art Vwl - Control W.I.ur.1
•_i----. `            ------ I--                -           _

t`.®rrty pTabco tstrt)I nrp.I
Osm    sA/HJ£/SCBA



aENERAL MOTofis cORpofIATioN
MATERIAL SAFETY DATA SHEET

SECTION  I

SECTION 11 -lNGREDIENTS
(lltt all ]ngr®dl®ntS)

c^s  F€¢isTay No. *W hvl CHEWcO NAV€{§l
lJ,'#,diiS:*,!±:%c*'f

7664939 37 Sulfurlc   ^¢ld __  NA_

77)218S edl'' .    Water HA_

7139921 -. __    __  _   \'.\     _---
Separ6tot.I                         _       _-

D4ramt¢

d_

_ ,- - _

¢3€o    .nd   £Overi       Polyoro.DV'jLetie    (PILi§[[..1

SECTION ltl -PHYSICAL DATA_lo,_l,~¢ ,c,h'm.f  _ i
vX3E|.H`€°.#tRE\:H.S..+`'€.+2o_ Av aa:a   t.28o   I   .ol E=

y,AEp;issuAt€  a.A|3fl I be HAc€NT vounL!-.y vole-M€ (*i
t'^ #€|g#T,£8uoav VL_

V^POA  O-ENSITY  IAIR .1|
[h.A

rv^roMTioN toTE I             -I)
\.

soli'Bll:r"NMT3^cT[§1e I pr.<
I

A'w'a€cA;S`s€.\H.pt€o€qquid(a¢i-aconcenc) |lsMas"b      iroc`io    #_

SECTION IV - FIRE AND EXPLOSION HAZAF)D DATA



SECTION VI.REACTIVITY  DATA

SECTION VII.SPILL OR IEAK PROCEDURES
#i^- t,h     11,?i*¥(a.Iw cAsi M^r6A!^i lsus*STtps TO  i€

t=jjr_  tada  r2iv  b.   use
Conc41n    a

*;S¥rg?.|*St+oHiFcffi"c3te.: •r.A   !eder21   refu\atlotts   for_ let(i__or   ±±:_d_  ac=ap_.



'.=1     |J;[r    CH.3i:I    U1511Itru_I-iu.     uri_ic.iiL`_     +..

`MATERIAL  SAFETY DATA  SHEET
PRODUCT sA   e25   Ooi2

F                  F                               MLP   GREASE                   I   |O-lNalQNIHc~T                      v   ao...,
N

v. I i c cj M A r` u + A c l u 6 ii` a c iv `s io N c) ft s ua sio lf a y EMEqGeNcy  T€LEptiotyi

' t4et.3f,ACTUBER      762_5ecc
Ae3aEss  tNijMeEF`.  STAEET. ciTt. STATE. ZIP  Conf ., EFEEThEC`.(®ooi424.9300

CriEMIC^l NAME Oa F^MllY

ffiaMULA               NAa FeTrc)I eum   Hvdrocerbor`

Nf
HAZ^AO  AATING                             ...

:=:¥GTH"ME                                ,      A„„„
P 2  -MOOEA^TE                                a
A I  -9|IOHT                    ,..["Y

O  -lN8.G~lFIC^NT                                      .a.c.i

`SE cTtoN  ii  -.cHEMlcAL AND pHysicAi.pqopErmE9                           icHEMlcAL..                                        ipHvslcAi.
r`^:AAec'js OECOMPOSITioN PROOUCTS FOAM.          Sem,I-sc)I  ld

6 Carbon   monoxlce,   cer5on   dioxide OOOR                                                                                          '

iNcoMPA Ti6iii7y iRefi ^w^y Feo~.I Minere!     011

Stror.s   c)xidlzlng   agents   such   as:      hydrc>gen   perc)xld6, A,,EA^^NCS                                                                      '
6 chrcrilc   =cld,    b,-or.:r`e '0 Grease
LLS I ALL Tcxic ^NO HAZAROc>us iNaAEDi€NTst\'c)ne

"l'-O`q       ,mbe.-                                              I
P'2 €CIFic  GRAviTtiw^Tea-1iRT a . 9 I, 4

SECTION 71l.i-FlfiE..AND€XplosION DATA-
ao:iiNG PT.                      N9A                  ..,g13

SFEcl^l  FIRE  FIGHTIN3 PROC:OIJP.€S iLASH POINT IMETHOC l'SE.JlAboveC.a.C.

:ire   fighters   should   we:r.   =n =¢ _If.I_--.c-.c MiLT„'€ FT. NJ\                  . -

eopr`oved   self   ccnTelned   bresthlng .`LAMMABL€ LIMITS *NDA]7|OWER~uPP!=-
I+

g

?,
ao,ara,us.              '

sc)iuelirTyNW^T£R

a-I  : . I 1  I  a
uNusu^i Fif`€ ANe ExpiosioN H^z^Aos EXTiNGui3HiNc AoeNTs

g of`tcr.EMicAI    X: Co, ^T           ?5   .c

Dense    sTnoke                                                                                      =wATERspAAy    ¥FO^M
'B

i  VOLATILE,61`a,wh*'
t\`+`= W^TERFOG   RSANO/E^R"

2!|                                                                                                                                                                         28;-CTH€3

",  ""ATe."I     N4SECTION  IV  -HEALTH  HAZARD  DATA
peRMisstaiE CONCEN Tat TIohls iAiR.

T

',
\'^POB PflESsuflitmrTiHqit20.Cl NA

99 NDA •-.-
\'AeFFEcis OF Ove88xpOSuRE I, '^m  ,  „

30 Mev   cause  skin   a   eye   irrltation  wlth   prolcnge5   Cc>ntact. ®H  ^S  IS                 NA
1 o]Hcoic)oic^i pnopEA I iE s jo oH''

' NP.4. SThoNO ^CLOSTRoljGaAS:
EMff`GENcy FiasT Aic) pROCEOufiES

32 gvEs     Flush   with    large   8mc)unts   of   water   for   at    least    15   mln. sTA8|g                                                     .X

Cell    a   Physic,len    Immediately.
}'

UNST^gLE

J€,i

SKINCONTA:T        v,..esn   theroi.:hly   w:th   soap   ar\d   water. VIS€Ssrv               `oo<o'ft°*..^`

lNHALATio h.                  NDA.
=2

AT  loo,i

'3'          N4.

ifswAiioweD        Cell    a    Pr.ysiciEr.    lrrmediateiy.

NA  -`cT^ppLic^eL!                                            Nci^.  wOO^TA^v^iiAEiE                                       <.  LEs hA^'                                        >. Mof`ETH^N

Faaa   `   ol  2



MATERIAL  SAFETY  DATA  SHEET      pf]ooucT sA   e25   00!2

•sEcroN
V1f.=S?ECIA(`PR:CAUTIONS

FR5CAUTIO^.S  TC  3:  TAKEN lN riANollNG ^N3 STORAG:

h'€e3   ccnteiners   clc}Sec.

SECTioN Vm -TfiA^'siofTTATioN DATA

uNERi%Y5ttTD  a u.S. a.a.I. f'f`OPEf` SHIPPINC NAM€

J7

. „               RE€ueLAOT:a  D
u.S. a.a.T. HAZABC Cl^SS I.a.^'ull3Si

e 4e

TRAMS;ORTATIONiMiaaii,'cyINFCRM^TIONCHEMTBEC1.{8001434.9300
;;                       ffiE±L!S`fi£QuiaEo
.:asIGrlTCuSSIFICATIQN

S=
r-etrcileuri   Lubrlcetlns   C-re=Se

SIECL^LTRANSPOBTATIONNOTES

I, 53

SECTION IX -COMMENTS

KE:i   CUT   C.F   R=AC.I   CF   CHI  L9R:N!  !

\^/®   boli6ve   the   6tBiem®nts.  technical  information  and  t®Comm.nddtlonS  ContEined  h.I.in  .ro  roliabl6,  but  tho`
ale   given   wi{nout  warranty  or  gu8rentce  a/  Br`y  klnd.  expr®88  or  lmplj.d,  end  W.  asaum®  no  respona:bllitv  fo
any  loss.  damage.  or expen8o,  direct or  consoqu®ntlal.  arising out of th®lJ use.

C;?6  2   c'  :



.`   :`       =.   ,.`   cj=   ,-_n3-L'-=`     L'"   --''J`   qBEE5»

MATEBIAL   SAFETY   DATA   SHEET

tax   no.     :    042840
Prlnt   Oat®

Last   R.viewed
Part   Type   and   Hiimbar                                                            Part   name
-------- I1 ------------------------------------------- + ------- ~ -----------.--, ~ ~ -
Ford    -U.S.     BATTERY    -ALL                                                        BATTERY    ELECTRC)LYT!

Hotc)rcraf t    -U.S.    BATT£RY    -ALL                                 BATTERY    ELECTAOLYTE

----------------- I---CHEHI CAL   AND   PHYS I GAL   PROPERTl !S  -.------------------ I --..

Haterial     type                            LIQUID
Sp.clfic   Gravity                  I.250
Boillns    point                           >135    C
flash   .Paint                              Not   AFPHcable
pH                                                                 2.0

------ I ---------   HAZARD0l'S   AND   OTHER   0lscIOSE9   lNCR5D!ENTS   ------- I .----. I-I ---.

F.rcent            Exposure   Llmlts   -TWA
R8n§e                ACGIH/OSHA(where    est.)     CAS    number             Chemicll    Name

--,------- ~    ,,I ,-----,----.-- ~ ----. 11,  ,,~ ---- 1,,         ,1 ,,---- I ,,,,--- ~ ,,----,,,---
>30-60                1/1       ms/m3                                       7664-93-9               SulFURIC   Aclo

Expol'.'re   Limlt   AEbreviatlens
~-,-----------,,---,,1----,,,,-----,,,

TVA.Tlme   W.lght.d   ^verag®      C-C.IIinq
SIshc}rt  T.rm   Expo.Ore        Sk-Sklri

Soli.Sclubl.   Compounds              Fu-Funcs
lnsol-lnsolubl.   Compounds         Du-Dust +.`

+I

--------------------- i--REGULATORY  I NFORMAT I 0N  I -----------------------.

T,I,is   prodi.ct   car.talns   .   toxic   chemic8l   or   ch.nica`I   IubJec:   to   the   r.Po.-tin¢
requir.ments   cf   Section   313   cf   Tltle   11  I   ef   the   Supcrfund   Amendm.nts   a.1d
R.au:horlzation   Act   of   198£   .nd   40   CFR   Part  372.

n...[[._.._....._..._......S,GN^LWORO=L___,_.__====_==.__.==T__==___...arc..===

DANGER    --CORROSIVE

---.------..-------I-----.--.-HAZARDS--------.--.------I---------===---=

Contact   with   thls   in.terial   wlll   cause  burn®   to   th.   skin,   .yes   and  mueau8
in ®fr.b r a n a 8 .

Wh.A   this   mft.rlal   com.i    into   contact  with   the   ey.a,   serious   d&mag.  may   occur.
ThiB   product   ls   h.rmfu.I   by    Inhalation,   wh.n  .in   contact  wlth   th.   9kln
lnd   if   lt   is   8wanow.e.

This   product   Ig    irrltlting   to   the   eyes,   respiratory   6ySten  and  .kin.
This   prctduct   may   b¢   fatal    lf    lt   li   SwaHowed.

FORD   MOTOR   COMPANY
DEAflaoRN   Mi   48121



?llJ:U'=   |rl,J`-'   L.-       - .-
MSDS

(CONTINUED)

Tax   no.     :    042840
Prlnc   O]t®   :   o4P/ao92;so2

----- I -------------  TARGET   ORGANS   AND   MEDICAL   CONDITIONS   -----------------.---- a

Ov.raxpo8ure   tci   eoffl.   h]zardciu3    lngredlentf    in   thl[   product   h89   been   four`d
to   affect   certaln  body   organs   ar`d   system.   In   exp.rlm.ntal   anim.ll   .nd/or
h..iTiar`8.    The.e   include:

L.Jng=
Teach
S'Kln,    Ey.a,    and   R.&piretcry   Sy8tem

--Ji.-.I ------..--- I ---- I  ACUTE  TCIX I C ITY   I NFORMATI 0N  ---------.-.- 11 -------- I

Based   on   the   compocltlon   of   th.   product   ldentlf led   by   th.   SuppHer,
selected   portion.   cf   the   ec..te   toxicity   Information   frc>i:I  RTECS   ar.
35    follows:
7664-$3-9         SUIFURIC   Aclo

lnhala:Ion,   Idult   rat,    lc50   -;10  mg/m3    (2   Hour.)
Oral.    adult   rat.    L050   -2140  rna/kg                                                            .

............. b ...........  SAf I  HANOI , NG  At,D  STORAGE .... _...jj=====±=_±===± ..... I_..

Oc   r,et  breath.  sac/fuma6/vlpor/spray.
U16   thls   product  with   ad.quote   v®ntll.tie,i.
Oo   r`oc   cot   thlg  mit.rlal    ln   your   eyes,   en   your   Skin,   or   on   your   elothlng.
Thl.   ls   an  oxldl2lnq   .g.nt   -avoid   brlnglnq   lt   lr`to   contict  wlth   an
organ:e   material.

Stol.  this   prodiicc   in  alr-tloht  containers  aw]y  fron  !eurc..  of   hcat  lnd
I  i Ght I

---I ---- Juii-I-F IRE,   EXPIOsloH  AND  REACTIVITY   INFORXATIOH  h---== ------

erinsln§   thlf   product   lr]tc   ceAtact  with   conbu8tlble  matari&l   DIY   cause   a   f Ire.
EXTINGUISH:.3    INFORMATION:    Cry   chemical,    foam.    carbon   dioxide.
use  water   to  cool   fir.-.xposad   containers   and   to  protect  p.r3onnel.
W..r   s61f-contain.d  breathing  appar&tu&.
Th!®   product  can   ra.ct  vlolently  wlth   reducing  agentl   and.organlc  mat.rlals.
Explof lve   HYDROGEN   GAS   may   be   rele&..d    lf   aqu.eul   .olutlon&   ol   thl.   mat.rlal
come   into   Contact  with   reactlv.  metll!    (IRON,   Z"C.   AluHIWul)  .

IrrltatlAg   and/or   toxlc   fumes   and   g.Ses  may  b.  .mltted  upeA   h.]tlno  of
this   product.

The   Cecompa§itlon   of   thlS   product  wlH.release   toxlc   ga.as.

FORD   MOTOR   COMPANY
DEAR80RN   Ml  4€121



HJ:-i: :-:    iJ:C,3   ,=H,5`J   I,i,="1' ,r  u_;-'u  ' •--- _ -,--``)-`

MSDS
(CONTINUED)

Tax   no.     :    042840
Prlnt   Olte   !   o4P/ao92;9o3

---------------- I---pROTECTl v:  I,£ASURES   AND  TR!ATHENTS   ---I --------------- I--.

Use   of    an    imperv!eus   apror`    1=   recommended.
use   gencral    v.ntl`atictn   and   uBc   local   .Xhaust.   where   posslble,    ln   ccmf lned   or
enclosed   spaces.

Wear   ch.mlcal   goggl.8   ]nd   fac.   8hleld.
The   lI=e   cf   naopr.ne   glov.8    is   reconm.Aded.
In  case   of   contact  wlth   ey.S,   rlnie   imedlately  with   plenty  of  water   and   ..ek
medical    advice.

Imedlat.ly   tak.  off   all   cc.ita:alnat.d  clothing.
If   the   materlal    lt   iwaHowed,   g.t   liimedllte  medicll   attention  or   advice   --
Giv.   sev.rat   gla8ses   of   water   or  mHk.

It   qa£/rune/vaDar/duSt/mlst   from   the  mat.rlal    is   inhale!.   remove   the   affected
pcrscin    lrmediat.`y   to   fresh   air.

For   ikln   contact   flu.h  with   large   amounts   of  water.
Wash   thoroughly   af ter   h.andHnc.

------.------------.--------  h'OTES  T0  PHYS I C I ANS  .--------- € ------.--- I ---- ==--

lf   the   preduc:   i8   Ingested,    probabl.  miicosal   damage  may   contrair`dlcate   the   use
of   ga&trlc   `avage.     Tr.at   the   affec:ed   person   e3?rcprlately.

-------- ]' --------------  SP I LLS ,  LEAKS  AND  DI SPOSAL  ------- d .------.-- ===

EHmin.t.  all   .ourca8   of    lan:tlen  or   flimmlble6   that  may   cone   Into  contact        .
Wlth   a   .Fill   of   thls   mat.rla:.

Avoid   *kl,i   cont]gt   ar`d    lnhalatlon   clf   vapors   durlr.i   dispo.il   of   8pllls.
OI8pc8e   cf   wagt.   matarlal    according   to   Lccat,   Stet.,    end   Fed.,-il
i.ivf ror-i.r,tal   a.Culatlons.

In   cage   cf    large   spill8,    fc)How   all    facHlty   Emers.,lcy   Response   Proeedure€.

----- LI-t] --.------------ ~.  SP EC I AL  REMARKS  --.----- I---I---d --------. ===--

This   i.   an  .eldlc  mlt.rlal.

----.--..-----   U.   S.   OEPARTHENT  oF  TRANSPoRTATloN   INFORHATloN   .--.- =e=:=±±[ .----. =

Shlppinq    naiTie:     BATTERY    FLUID,    ACID       IIN:     £7S£

Ha3ard   ClasSI   Corroalve  matarlal                   Ha:ard   L]bel!    Corrosive

The   ch.mlcal   nlmc(i)   lppearing   below.under   '`NME"  must   lppear   ac   part   of
shipplng   name   lF   the   amount   being   Shipped   in   each   coAtalner   axe.ed!   the
quantity   .hewn  under   "RQ"   below.     The   letters   ''RQ"   must   ®lso   app.ar   as.plrt
of   the   Shipplng   name,    ln   th.   form!

•hlpptng   name,    ch®mlcal    home.    RQ.
For   U.S.      Shlpment{    from   Ford   FGciHties,   consult   the   "Ford

Hazardou®   H.terial   Tranapertation   Control   Program"  Aanua`,   clth.rwisa
consult   49CFR172.
------ CAS--RQ (Iba)   -NAME -----------------------------------------------------

7661-93-9         2777         SuLFURIC   Aclo

FORD   MOTOP   COMPAN.Y
DEARBORN   Ml   48121
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MSDS

(CONTINUEDl

Tax   no.    :    042840 a     prir\t  D.te  ,   o[/ao82e/8#

---------------------- I ----  PREPARATl oN   I NFORMATI 0N  ---------------------- I:I---

H.alth   and   saf¢Cy   Information   ha®   been   evaluated   by!

Environm6htal   &   Occup.tional   Toxicology,      Occupational   Health   6   Saf.ty,
Ford   Motor   Company
goo   Parklan.  Towers   W.3t,    D¢arborA.   Ml      48126        ..

For   .margency  caH:       (313)    337-3182   -or-(313)    323-0045    (for   24   hour   I.rvice)

Thls    iB   th.   last   page   of   thi.   HSOS.

FORD   MOTOR   COMPANY
OEARBOEN   MI   48121
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RATERIAL   sArE:Ty
DATA   SH££T

AVOCO   REGULAR   LEae-Fie:   GASOL[i`.a

t{SDS   NC:       02003992

M^+Iu.a'ACTUE£R/SuPPLIER:
Amoco   Oil   Coa]pany
200   East   Raridolph  Drive
Chicago,   ]lllnois     60601

EHZRGENCY   HE^LT.i   1hTORIATIoh':       (800)   447-873S
RERGENCY   SPILL   INFORAT]ON:       (800)    424-9300

Ct{"REC,   U.S.A.
OTRER  pRot>uCT   gAPETy   lrmo"ATloN:       (312)   856-3907

IMPORTANT   COMPONENTS:      Gagollne   (C^S   8006-61-9)   ^CGIH  TLV   300   ppn,   ST8II   500   PPB;
Osl{A  P£L   300   ppn,   STEL   goo  ppn.

!§:i::::§A%e§:::3i:ir^EL:i:io:i:;::1:::;  osm PEL  1  ppd

W.AENING  STAT!RENT :    £::a::i.::t5:::!%e:::i:::: in::!ha::P::u::::eE:=!i:A:£C:3a:::::a

and/or  a8plr8ted  into  lungs.   C.A  prodt]ce  skin  lrrltation  on

=:::::i:dt:rv:;:::tf8sC::::::.c:::e:8]:°±:£o£:::r;a:Xin::::-tern
"=S/Nr?A  CO9gs:.(HEALTH;I) (FLA"AEILIT¥;3)(REACTIV[Ty;O),   Chronic   h.alth  hazard

A.3PE:AENC=  AND   ODOR:     Clear,   b.-ight   liquid.     Characteristic  odor.

HtALTH  mzARD   IREORATloN

EYE

EFFECT:              illgh  concentrations  of  vapor/aist  nay  caus.  eye  dl8confbrt.

FIRST  A:D:       Flush  eyes  vlth  glen.ty  cf  vat.a.     Get  nedical  ettentlon  if   irrlt8tlon
pers istg . .

PROT=CTIO^'!     Non.  r.quired;   however,   use  of  eye  protection   ls  good. industrial  practice.

EFFECT:

.SXIN

::3}::9:€r::t[:?::tod  Contact  Can  defat  th.  .kin  and  1.ad  to  lrrltation

FIRST AID:     ::;i:ii§!8§!O::;:::i:i::::i:#;::i:::.an:¥:;.b::::ri::::? c:::hi:.gifai

PROTECTION:    ;I:t:8P;:1;:8:8n::dr::e::;:a::inc::::::tie  ¥:i:i;:Otoctive  Clothing  and

EFFECT i

INiELATION

Vapour  harmful.     High  vapor  concentrations   can  cduee  headaches,   dlzzlne8s,
drovsine8&   and  nausea.     See  Toxlcoloqy  S®ction.

FIRST  AID:        If  a6ver3e   effects   occur,   remove  to  unconta:nlnated  area.     Give   art!f lcial
respiration  lf  not  br.aching.     Get  in.dical  ettentlon.

PROTECTION:      Use  With   adequate  ventilation.      Avoid  breathing  vapor   and/or  mist.      1£
ventilation   is   inadequa`,6,   use   NIOSH/MSI1^  certified  respirator  Which  Vlll
protect   against   orgarllc  vapor/mist.
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HSDS    NO:        020C3992

EFFECT:

FIRST   AID:

PAGE   02    0F    05

HEALTH   r..\zA?D   ]NFORHATION   -   cow?INUED

Ih'GESTION

Lctw  viscosity  prod..ct.     Harmful   ar   fatal   if   asplrated   into   lungs.

If   swallowed,   do   NOT   induce  vomi'ting.     Get   lmn.diate  medical   attentio.1.

FIRE   Arm   EXFLosloN   INro8itATloh.

FL^szapoINI :                 -45OF

FLA}O{AEL&   Lly.I?S:       UPPER:       7.6%      Lofu'ER:       I.3*

^UTo{GNITlc)N   Ta+PERATURE:                      495oF

EXTING.JISHING  MEDIA:     Agents   approved   fctr  Class   8  hazards   (..g.,   dry   chenlcal,   cerben
dioxid.,   halogenBtcd  agents,   foaiB,   stoan)   or  voter  fog.

I.NUSuAL  rla!  |ND  £XPLOS{CN  rAZARLt`S:     Eltre"ely  €larmable  vapor/air  nixture8   form.
.Extlnguishdent  of   f ire  before  source  of  vapor   ls   shut  off  ca.A  create  an
explcslve  nlxture   1.i  air.

P.L=CAUT]C)h.S:      r.acp   a'*.cy   from   ignltlc>A   sotjrces   (e.g.,   h.at,   sparks   and  opcA   flames).
Keep  container  closed.     Use  Wit.I  adequate  v.ntila..lan.

REACT[V[TY   INFOR}{ATION

DAt`.GEROUS   R=ACTIO.\'S:     Avoid   chlclrlne,   fluorlne   ar.d  other  strong   oxldiz®rs.

I_lzARDol'S  D=CC.YPOS{:Ioh.:      3urnir.g   can  produce  carbon  moncxi6e   and/ar  carbon  dioxide
.        and  otr,e.r  harF,:ul  products.

STABILITY:      Burr}ing   can   be   Started   easily.

cHfxlcAL  AiiD  pHy§IcaL  pRopERT(Es

BOILING   POINT:                       80.F   TO                  430®F,   Flange

SOLtj81LITY   IN   WATER:      Negligible,    b.low   a.1%.

SPECIFIC   GRAVITY   (W.AT=R   a   i):                      0.7S

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

VAPOR   DENSITY    (AIR   -i)i                   3   TO               4
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MSCS    NO:         02003992
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STORAGE   AND   ErrvlRo"ENTAL   PROTECTION

S:ORAG£   .t=`=Qu!R£M=h.TS:       5tor®    in    flalTimable
Store   away   i ron  h.dt
accordance  ttl:h  appl

area.     Xe.p  container  claged.
rc®s,   and   clpan   flame   in

federal,   State,   or  local   regulations.

SPILLS  AJtD   LEAJts:      Remove   or   shct   o€£   all   scturceg   cif   ignition.      Use   ttater   spray   to
disperse  vapors.      {ncreasc  ver.tllation,    if  poaglble.     Car,Cain  oA  an
absorbent  material   (..g.,   sand,   8avdu8t,   dirt,   clay).     Keep  out  of
Sewers   and  watenrays.

fu.ASTE  O!SPOS^L:     Residues   and  spilled  mdterlal  are  hazardous   v8ste  due  to   ignitablllty
Disposal  mst  be  ln  accordance  With  applicable  federal,   state,   or
local  regulations.     Enclosed-controll.a   lnclneraticn   1g  rec:o"¢nded
unless  dlrecced  oth.rwig.  by  applicable  ordinances.

SPEC:iL  PRECAUTIONS:     Keep  out   ef   severs   dad  vat®rvays.      Avoid  strong   oxidizers.
Report   spills   to   appropriate   au..hor!ties.     Usa  AS  MOTOR  fu£L
ONLY .

Tax:COLOGICAL   INFOENATION

EYE:      Primary  eye   irritation   score   a.a/ilo.0   (rabbits).

Sxlh':     i.-iz=ary  de:Pal   lrritatic>.i  score  i.i/8.0   (rabbits)
than  Sat/kg   (rabblt8).     Practically  nontoxic   for

INHALATION!      Acut®   LC50   20.7ng/i    (rats).

.      Acute  dernal   LD50   greater
acute  exposures  b.,.  this   rcjute.

INGZS?ION:      Acute  oral   LD5018.8El/kg   (rats).      Practically  r`ontoxic   fc>r   acute
expos'Jres  by  tbis   route.

Excessive   .xpcs'ire  to  vapors  nay  produce  h.cdac.hes,   dizziness,   n6tJsea,   drovs!-
r`.ess,   1rritatien  of  eyes,   nose   and  t.Irciat  and  c®n€rel  nervous   system
depre§E 1 on .

;i;i;i:;!!!;:i!#i::;f;:!!:;i:;;:i!i:;:i::;!ii!:!!!;:i;i::i;;:i!!;:i!;:::;
tunora.     Results  fran  8ubaequent  sci.ntific  studle§  sugg.s¢  that  the  kidney
denage  and  probably  the  kidney  tuner  response  are  unique  to  the  Dale  rat.     The
91gnlf icarice  of  the  noti&e  liver  tuner  response   in  terns  of  human  health   is
quest lonabl® .

Inhalation  of  whole  unleaded  gasolltle  vapors  did  not  produce  birth  defectg   iri
Labor&torr   animals.

Gdscline   ls   a  con?lox  nlxture   of  hydrocarbons  and  contains   benzene   (up  to  4

E::#:h:t4  ::i::3:ea::A:::a?:;uk::i:?;:Ae:Pj::::ea::  :!E:rL::S::s:fbi::€e::i::€s

!!:;::;!!:::::::::i::::::;::::;i:::i::a;:;:i::9£:#::?:i:::!!:di:::i:e-
wer.  a.en   ln  chronic  studios   on  xylene   ln  guinea  pigs  but   not   ln  rats.

Aspiration  of   this   product   iAtc  -.he   lungs   can  cause   ChezDlcal  pnounonia  and   can
be   i atel.     Aspiration   into   the   lungs   can  occur  while  vomiting   after   ingestion
of  this   product.
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SuPPLEME.NTAL   INFORMATION   -   CORTINU£D
r`.-i€®ptane    (CAS   142-82-5)    ACGIH   Tl.V   400   ppn,    STEL   500   Ppm;
OsiiA   PEL   400   pprr.,    ST=L   500   Ppn.

rrHexane    (CAS   ilo-54-3)   ACG:lit  TLV   50   pp.I;   OSHA  Pal   50   Ppr"

P®nta,|®    (C.\S   109-66-a)   ACGI.1  TLV   600   ppn,   STEI.   750   pen;
OSHA  Pal   600  par,   gTEL   750   pps.

Tc)luene   (CAS   loo-88-3)   ACGIH  TLV   loo  ppn,   STEL  150  ppn;
OSRA  Pal   100   ppn,   STEL   150   ppm.

Trinethyl   benzene   (CA8   25551-13-7)   AcalH  TLV   25  pptn;   06ilA   PEL   25  ppm.

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

ISSUE   INFORATION

eY:

7€ GC=-
F„   G.   Farm.r,   Director,
Product  Saf.ty  a  Toxicology

ISSUED!      June   09,    1989
SUPERSEDES:      March   18,1988

This  &atcriel  Sa:ety  data  ghee+.   and  the   lAfc:=atiori  it  centalns.  is  o£:-ered  to  you   ln
good  faith   ds  acc.Irate.     fu.e  I,eve  revleved  any   1.ifcrnatic.i  cc.-.tall.ed   i .-.., }.is  data  sheet
++.1Ch  ve   roe.ivcd  frca  sources  cu+.side  our  ceB?any.     i+..  believe  that   iAforna:ion  to  be
correc:  but  cannot  guarantee   it-a  accuracy  or  coupleten.s8.     Health  and  Safety

i:i:i;i;i:i:tia:;:iii::6faiis !hii!ia;i*ui:6!! i eiy ar.aprecautlona   in  this  data  ah.e
gitua€1ons.     It   1g  the  us.r's

:§e::::i:::i:a:::€::i:#:::g!:|fi:#:§e::::i:§¥;£#i:;:i::ei§e:i:i,::i§!:p:::;::s
or  ixplied.
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'.'      EA   Z   A   R   D   0   U   S         C   H   E   M   I   C   A   L      M   AT   I   R   I   A   L      S   A   F   I   TY      D   A   I   A      S   H   E   I   I

ArLAs  poto£R  cO,xpANy
15301   DAI.LAS   PARKWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tux  910-860-5237

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

3.     It£DlcAL   E¥.ERCENcy  TELEPHONE  NtrmERs:

EAST  OF  I.H  y.ISSISSIPPI:      717   -386   -4121
wast  Or  "E  xlsslsslppl:     417  -624  -0212

TEE  MAT=RIALs  DEscRIBEI>   IN  Hls  I]ATA  SHZH  ARE:

h-.IZIREOUS  CE"ICAL   IHCREDIENIS

REVISION:      One

5.      cr:={:GAL  AND  cormoN  ilAIE(s)   OF  EAZARDotjs   cEHlcAL  HlxTURE/INGREDIRITs:

A?exLAll  Gra6es,   RX1614,   RXL  615,   PctJ.erAh.-.ill  Grades,   Bulk  E=ulsior.s-.ill  Grades

rrajor  Eazardous  Ingredleacs  Include:
Az=octiiun  Nlt=ace
Diesel  Oil   (Ia  Sotne  FOI=ulas)

ISCA                        GAS                            R:=CS
LISTED                       NO.                                   NO.

I.                6484-52-2             BR9050000
Y            68334-30-5           h'o  Listing

Note:      See  y.SDS  for  AmcinitL=  Nic=ate  Plus  fuel  Oil

6.     PE¥SICAI.  AND  caEIICAI.  CEARACT=RIS:ICS:
Vapor       Flas..i    }!eltir,g    Boiling     Speci=.1c       Mol.

Pressure     pair.:     Poir.=®C     Poinc°C     C=avicv Wt.         Odor A33earancg

Amoaiu=  Nitrate            0                  d               155               190                I.725          83          Nor}e     .wT.ice   solic
Diesel   oil                        qd                n6                   nd        147.371           0.87            nd     PungeQC   Broom.Liq.j:
Mixtc=e                                 h'eg.           rid                    I.a             125        I.I   Co   I.3     h'A          None     .whi:e   Greg:

tid  =  h.o  Da,ca           d  =  Dissociates       na  a    Not  Applicable
PHYSICAL   HAZARDS :

Amc}niua  Nitrate  -DOT:     O:cldizer
Mix[ure    DOT  Explosive,   Blasting  Agent

8.      HELTi{  IIAZARI)S:
.  -`    .   .   I    '  .-...-.    _

Carcinogen
Corrosive
H8hiy  Toxic
Irritant
Sensicizer
Toxic
Target  Organ  Effects

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

10.       PERMISSIBLE   EXPOSURE  LILMITS:          No   Daca

I)iesel  oil:     Flamable

------ i-_
Ref :   Regiscr:`.  of  Toxic  E££eecs

o£   Chemical   Substances   (RTECS)
N  =     No   C=icerla  Match
i.  E    Poslc`.ve  Crlceria  Match

per   RT:CS
nd   t=      h.a   Deca
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NIp  ANNUAL   REPoRT                   IARC                             osrA
ON   CARclNOGENs                       r.O}'OGRAPHs            cARc lNOG EIN

12.      cENERALLy  AppLlcABLE   pRECAUTIONs   ron   SAFE  HANDLING  ANI]   USE:

E¥CIENIC  PRACTICES :

Avoid  Skin  azld  Eye   Cc)ntacc.     Avclid  Breathing  Blasting  Futnes.

pROTECTlvf  iGAsuREs  DURENc  REPAIR  AND  RAINrENENCE  OF  cONTAHNATfo   EQulp:EI:i:

Use  t}oa  sparking  tools,   avoid  open  flame,  Wear  nor"l  safecy  equipment,
such  as  safety  glasses  aQd  hard  hat.

PROCDURES  FOR  CLEANUP   OF   SPILLS   AND  LEAKS:

Bulk  Product:     Isolate  aad  cctticalti  spilled  macerlal.   Contact  Discribu:or
or  J}.=1as   Pou6er   for   Spill  Response  Assistance.
The   disposal  of  datnLaged  or  deteriorated   explosives  =t]s:  be
carried  ouc   in  accordance  |'.ich  all  federal  and  Sca:e  Regvlatic>r.s.
In   t:-.e  ever.t   of  a  TBajor  sgiil,   cer.=acc   tr.e  National  Response
Cet}cer   (800-424-8802)   and  c.ne  local  Police.

13.      CONTROL  }flASUREsi

ENCINE£RENC:             rollov  BAIF   standards   for   storage   (27   CFR   151   Subpar=   3)
=xce?C   for  Bulk  prod8c=s,   see   "Do's   ap.d  Don':s  -InscruccioTis  ar.a

LTamlp.gs"   -fouTid  ia   e`.er}'  s..Tipping   case.
See   lastictL:e  o±  Makers   of   Exolosives   i.I.D1-icac`ior.s.

WORK  PRACTICES:      Folic!w  OSEA   Standards   for.Storage   and   -u.se   (29   CFR   1910.109)
Excepc   for  Bulk  products,   see  "Do's   and  Don'Cs  -Irist"cciclt`s  aad

L'a:Tiings"  -  fout}d  in  every  sF.ip?itig  case.
See  Inscicuce  of  rLakers  o£  Explosives  Publications.

PERSONAL  PROTECTIVE   EQUIPM+"T :

Avoid  toxic   fuaes  froa  bla.sting,  wear  no=tr.al  protective  eQuiptDent,   .
such  as  Safety  glasses,   hard  hats,   ecc.

i4.     ERERCENcy  AND  FIRST  AID   pROcmuREs:
....-

•...-.-...          _                       .---.- _

Do  riot  attetnpt  to  fig.nc  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  funes  from  fires.
ID  ca,se  of  skin  contact,  uash  affected  area  `.ich  uacer.     I:ye   cop.tact  -
flush  eyes   for  at  least   15  trinu:es  and  coQsulc  a  Physiciaa.

15.     DISCLAIRER:          The  above   information   taken   froE  varic7us  publl6hed   and  ur`published
sciurces   is  believed   co  .oe  accu:ate  and  ref.:esents   the  best
infor-=acion  currently  avsilable   co  us.     Hol.ever,  L.e  =ake  no  uar:an::-.
of  the  accuracy  o=-such   infortnacion,   express  or  implied,   and  assuae
no  liabllicy  resulting  frctm  lcs  use.     Users  should  tiake   Chelr  oun

#=::CS8?:i:3ia:°p3SS:::i?e  the  Sulcabillcy  of  the  imf .rta€:ion  for
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INVOICE
iNvoroE O^TE "VOC€ NO. P 4 C I.

11/18/91 40848 1

SHIP      Fort   Bend   Co.    Delivery
TO ?1

L-,.
•-_--1_   _ --;:.`:1..I.`....:i,=r?S.a :a .-E

i    ``,-.:j'?±=A€P I    3g:gstw    ,:      ..   :',-;.:.?IJrsE`'C.
erlp VIA Sh.lp DATE TEFus

40849 11/15/01 S30
I.,...

Our   Truck 11/15/81 Net    30   Days

iTEM ro.                        I                                                                                                                       fTEW DEscF3ipTiow

c..i.``.`.I:T..3r:r.:irEP i            CL'.aurrhr SHIPPE:. >Ty..uNiT  !               IjrlrT paicE Fa.ICE IJN DisccL;pr I                  EXTENOE3 PF]lcE

)50408000 80'    SW   STATICM s`TER c,rf
CUCLB..*sA LCLBCU,.,...-i,........,.`,:I...:,..,.....,`,~,-:.:`L._,®

•,,,•....,::;`'.;:?.:.;`.',`i,''..,'....:i•...:;..:..`•.:.,..,':•.-r:..,..'.;;.:..`i-r_-__fj;g_4

97  .  98.-..6.'56,..,....`,-.:-,...,.•.'-..'.-.-..'3,,14.26.78,s-....2E±-.\+,-,..,•-12.000 12.000 EACH 816 . 50

10812533 SEISPRIME   E   1- /8X /3
`....4  -000r. •...-.....         .         .4.000. LB -t9.. ......  . .164 . 0 0

..,,oooooo5i-.i....-.-..:......,.:-..,` `. .,HAz.ARDOus . .inTR
HNDL

•CHG.....

)±ooo:oo]£.Oqo.

•.,.        .-'..   ..   :     .1.000•....,., .*SAL :..  -..   .. .   -..    I.,  .   3  ;  1.'4

• ..  . ..E..R. C . C . -    HIGH

EXPLO I V`ES
•     4.000 4 . 000 LB ¢;506.50\'',... .I..-,•''.?.f.,

300000006 I.R.C.C.    -DETQNATOR`
12.000,,,,,.....I............-`I......:;'.:...'.`..i+:`.........-... 12.000-,,`.,,•,,•......,,1I    EACHII.

`. : ,. : ..,,i``.\. •11;..i    ;.:,.:(-:•-.`,-',,..I.;.i.(€i.8 I//f
•-;i)  J3/f ji,.I...,-.`•....

'..E:3\ \,
s^LEs AMcrm 108  . 72

MISC. CHARGES .00
FF`EiaRTSALESTAX .00

TOTAL -^

PAYWERT EEC.OeAL^ueEDUE
-




