


KANSAS GEOLOGICAL SURVEY EXPLORATION SERVICES
ACCIDENT PREVENTION PLAN

I.           PROTECT DESCRIPTION

Project Name:                          Seismic Reflection survey to Map Faults
in the Charleston, South Carolina Area

Location:

Site Safety Officer:

Plan Prepared By:

Charleston, South Carolina

Richard D. Miller

Richard D. Miller

Estimated Duration of Field Work:   4 days

11.         STATEMENT OF WORK

The 1886 Charleston earthquake was the largest documented historical event known to
have occurred in the eastern one-third of the United States (Bollinger, 1977).  Smaller
earthquakes have been either felt or recorded in the area since 1689 (Bollinger and
Visvanathan,1977, Tarr,1977; Rhea,1981).  Only recently have attempts been made to
define the cause of the intraplate seismicity as well as define the seismicity patterns
based on data from small earthquakes (Talwani,1982).

TThe Kansas Geological Survey (KGS) proposes to acquire and process two CDP seismic
reflection lines totalling 18 kin in length in the Charleston, South Carolina area for the
University of South Carolina (USC).  The seismic surveys could include any one of or a
combination of three different techniques / sources (minisosIE, weightdrop, explosive /
projectile).  The primary purpose of the survey is to map faults known to be present on
the surface of the igneous basement rocks with depth ranging from 500 to 1500 in.
Secondary to that goal is the imaging of sedimentary units between the basement
surface and bedrock.

TThe mapping of faults present in this area could lead to an improved understanding of
intraplate seismicity.  Kansas is an area of low level seismic activity which is located
within an intraplate tectonic environment.  Important technique development and
determination of acoustically significant geologic features could be directly related to
improving ongoing seismic reflection research in Kansas.

The KGS has been involved with similar studies for more than 10 years with the United
States Geological Survey (USGS) in the New Madrid, Missouri; Salt Lake City, Utah;
Seattle, Washington; Los Angeles, California; and Macky, Idaho areas.  These studies
have improved the understanding of faulting and earthquake risk in each these areas as
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wi`ll its gri.citly i`nhcinced and accelerated the development of the high resolution seismic
ri`fli`ction techniques as cipplied to problems in Kansas over the last 10 years.

References
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Timetable

Data will be collected beginning February 9th and should be completed by
February 26th.  These dates are constrained by other deadlines of KGS and USC
personnel, but could be modified if necessary.

Budget

Tcsf!.ng (1 day)

Explosivelweight drop  (7 people)
Sources -> EWG, ATV drop, Auger gun, 50-cal downhole
24-fold data       EG&G 2401X seismograph

Acquisition (16.7 kin)
Mobilization/demobilization

A/Ji.#t.SOSJ£   10 people (we provide 7)
12-fold data      DHR-2400 seismograph

Acquisition (14.6 kin)
Mobilization/demobilization

Processing
Travel
Mileage

Total
KU Indirect  - 26%

$14.39/shotpoint x 989 shots

$25.00/shotpoint x 861 shots

$10.00/shotpoint x 1850 shots

5,000 miles @ $0.35

Grfl#d Tof¢J (for approximately 31.3 kin)

$    1,750

14,232
1,000

21,525
3,500

18,500
3,000
1,750

$65,257
_  16,967

$82,224

THIS IS A FIXED FEE CONTRACT for $82,224 which represents actual number of
shotpoints collected and processed.
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Ill.        RESPONSIBILITIES

Thi-responsibility for employee safety rests with each employee's respective employer.
This plcin, thereforl., applies only to KGS for the survey activities.   Each employee of
KGS will stri\'e to identify and mitigate any safety hazards encountered.  All parties will
coopercite in working as safely as possible and will comply with all applicable safety
requirements as set forth by the Department of Energy and Southern Companies as well
as those included in this document.

IV.       SAFETY PERSONNEL

Safetv Personnel and Emergencv Contacts

1.          Rick Miller (KGS)-Site safety officer

2.         Larry Musson (KGS)-Supply and Ammunition officer

4.         Joe Anderson (KGS)-Line Manager

5.          Ron Marple (USC)-USC Representative and project safety Manager
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Safetv Meeting at Survev Site Date:

[]       Gun/explosives safety (handling of ammo, use of sources, cleaning cind
mciintenance)

I       En\J'ironmental hazards (heat, plants, animals [snakes, etc.])

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

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

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

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

I      Equipment hazards (safe use of ATV,1oader, augers, etc.)

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

The following people were present today:

Ncime /PRINT\                                  ComDanv Sienature

Site Safety Officer
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specific Safetv Requirements

Pi`rsonnel Safetv ECTuiDment:   All personnel will be equipped with hard hats, safety
shoes, hearing protection, cind eye protection while working in the field during the
seismic dcita acquisition phase of this project.

Vehiciilar Scifetv EauiDment:  All KGS vehicles and the ammunition vehicle will be
equippeci with -a fir.st ;id kit and a fire extinguisher.  A portable cellular phone will also
be reqiiired 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 ccirrying 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 Pr.e.\_'ention 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
any 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 arecl at all times.  Those ciuthorizeci to prepare
i-xplosi\'es shcill use every recisonable pri`cciution including, but not limited  to,
visual and ciudible wcirning signals, flags, or barricades to ensure safety.

4            Report unsafe equipment, hcizardous conditions, and unsclfe 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.

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

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.

12.

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

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

Ambulcince:

Hospital Emergency Room:

Poison Control Center:

Police:

Fire Department:

Airport,

Explosives Unit:

State Environmental Agency:

Client:

Emergencv Contacts

Safety Coordinator:

Project Manager:

Phone

Phone

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

HOspital:
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Procedures

Accidi`nts/Iniurv:   If ciny serious injury docs occur, the appropriate authorities shall be
notified immi`di-ately.   All ciccidents 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
departnient shall be notified and all personnel shall leave the area.  Since Class "C"
shotgun ammunition may be used as part of the program, local fire, police, and other
governing authorities will be contacted and consulted prior to the use of any such
devices.

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

A.         Work Item:   Use ofclciss "C" Shotgun Ammunition

Sllceific Hcizcirds-The specific hazards involve injuries to persons or property damage
a;ising from normal or accidental detonation or improper handling of the shotgun
ammunition.

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 de\'ices 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 safet}/' 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 tLim 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 warning procedures
with all project participants at the initial site safety meeting, and will monitor
compliance with these procedures.
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•       S.ifi` Dist.1nces:   All proji`ct personni`l not cluthorized  to h.111dle the shotgun
ammunition cind guns miist stay a distcinci. of 25 feet ciwciy from the guns and sh()t
locations.   Non-project personnel will not be allowed in the work area.

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

8.          Work Item:  Seismic Gun safety Rules

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

operating Environment.  The .50-caliber seismic gun is a single-shot rifle that fires
st.indard-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
necessarilv 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 power auger can drill holes to a depth of three feet at the test site.

Energv Release.  The energy release of the projectile is approximately 14,300 footpounds
at th:-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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Tr.insportcitioii.   Transportcition of the. auger giin, the seismic gun, and cimmunition  is
oli a s.tcindiird one-ton  fliit-becl  four wheel drive truck.  The ammunition is carried  in .50-
calil`;er military-style cimmo boxes.  The ammo boxes are locked in 10-gaugi-steel boxes
thcit cire permcinently bolted to the truck bed.  Thi. gun is transported with the bolt
removecl.  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 .immo can.

C.          W(irk 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-coming traffic.  Care will be used while working on or around driveways.
If appropricite, signs and/or flagmen will be used to alert and slow traffic through the
survey areci.

VII.     SAFETYANALYSIS

TThe 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.rcflrms Sfl/cfu/.

DOE Report DOE/EV/06194-3, DOE £xpjosj.ues Sfl/edy M¢7"fflJ.

ID Appendix 0550, Sfa#cZ¢rcz Opcr#fz.o7i¢J Sfl/cty Rcqw!.rcmc7ifs, Part Ill, Subpart I,
"Explosives"
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From  the  Uniti`d  St.iti.s Di`partment of Defense:

DOD 6055.9-STD, Aiiiimiiiition and  Higli  Explosive Safety Standards

AR-385-63, Srfety  Policic's and Procediiri:s for Firing Amiminitioii for Training, Target
Prac[icc, alid  Coiiibat

We, as members or visitors of the Seismic Reflection Survey conducted by the Kansas
Geological Sur\'ey on contract from University of South Carolina, have read the
previous accident prevention plan and understand its content in whole.

Name /PRINT) ComDanv                                 Sienature
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Attachment 4.

SAFETY   ANALYSIS

Potential  llazard

L0st/Stolen  Armunltion

Ourinq   Loadinq/Unloadinq:

Dr'opped  cartridge

Introduction  of  foreign
material   into  breech  or
barrel

During   Firinq:

Muzzle   Air   Blast

Ricochet

Flashbums

Consequences

Personal   injury  or  property
damage   from  unauthorized  use.

Personal   injury. from
accidental   discharge.

Damage  to  l]arrel,   breech,   or
bolt  and  resulting  personal
injury.

Personal   injury  from  flying
rocks,   soil,   debris.

•;.    `.

Personal   injury  from
ricocl`eting  projectile  or
fragments.

Burns   from  muzzle  flashes

Page   1

Mitiqatlon/Prever`±ion   Mechanism
:

Implementation  of   syst`!m  to   issue  daily
armunttion  allotment  and  control
inventory,   in  addition  to  physical   control
of  armunitton  at  all  tines.

Assure  training  of  personnel   ln  proper
handling  of  live  aimiunttion.

Assure  training  of  personnel   in  proper
handling  of  ammunition  and   ln-process
lnspectlon  of  aliliiunition  and  seismic  gun.

Close  fit  of  barrel   in  borel`oles
suppresses  muzzle  air  blast   and   its
effects .

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

Discharge  into  earth  o?'  contatrment  device
suppresses  muzzle  flasli.



SAFETY   ANALYSIS
Page   2

Potential  llazard

M i s f i re

Accidentdl   discharge  of
seismic   gun

Plugged  llarrel   -  dirt

Plugged  barrel   -  water

Barrel   disengagement  from
plate

Breech  disengagement  from
barrel

Our.inq   Transport

Accidental   dtschange

Conseauences

Personal   injury  from
subsequent  accidental
discharge  of  misfired  round.

Injury  to  unintended  target.

Damage  to  barrel   and
resultant  .pe.rsonal   injury.

Damage  to  barrel   and
resultant  personal   injury

Personal   injury  to  crew
member(s)   by  flying  rifle

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

Injury  to  untntended  target.

Mltiqation/Prevent]qn.Vec_hanlsm
1

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

Assure  that  operating  procedures
prevent  transport  of  loaded  seismic  gun.

Assure  that  operating  procedures
include  thorougli  bore  sighting  between
shots  and/or  probing  with  dowe]   after
installation  in  borehole.

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

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

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

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



SAFETY   ANALYSIS

Potential   Hazard

Accidental   drop  or  collision

Consequences

Damage  to  barrel   or  firing
mechanism

Page   3

Mlt{aation/Preventitin  Mechani sin

Assure  that  operating/tra'nsportation
procedures  require  thorou.gh   inspection  of
seismic  gun  after  drop  or  collision
incidents.     Selsmic  gun   is  disassembled
and  stored  in  special   compartment  during
vehicular  transport.



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

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

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

1.          In field:

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

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

8.        Cleaning

1.          Daily:

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

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

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

least 3 times a day.

2.          Seasonal:

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

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



C.        Firing

1.         Assumptions

NONE

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



March    24,    1987

llANDATORY     SAFETT     RULES     FOR    USE     OF    THE

.50-CALIBER    SEISMIC    GUN

The   .50-cal   selsnic   gun   ls   powerful   and   must   be   securely   posiciot`ed  when
fired.     Danger  exists   not   only  wl[h   the   tullet   projec[1le,   bit  also  with   the
recoil   of  a   loose   gun.     Be   sure   Chat   all  m6unting   bolts   are   tight.     Never
strike   the  gun  or   bolt  with  a  metal  object.     If   the  gun  is   jamming   or   scick-
1ng,   clean   lt   thoroughly   with  WD-40.     Wiping   down   cleaned   parts   will   help
avoid   the   cohesion   of   dirt   and   sand   to   the   parts.

Operational  Saf ety  Rules

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

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

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

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

5.     ALWAYS   retnove   the   bolt   completely   from   the   gun   for   [ransportacion  and
Storage.

6.      ALWAYS   double   check   safety   procedures.

7.      Use   common   gun   sense.

Dowhole  Mode

Be   sure   all   mounting   tx)its   are   tight.     Do   not   .Eorce   [t`e   gun   do.in  an
augered   hole.     Re-auger   the   l`ole,   if   necessary.     Be   sure   tt`at   the   base   plate.
rests   on   the   ground.      Hat-e   two   people   stand   on   the   plate   .w.nen   firing   (flex
knees   to   absorb   the   shoctr`).

If   the   hole   t`as   wra[p.r   ln   1[,   seal   the   muzzle   of   [l`e   gun  w.i.th   tape   or   a
balloon   to  keep   water   f Com   seeping   i[ito   the   barrel.      Avoid   [h.1s   sicu..icion,    i£
possible.     Water   in   the   baLrrel   tnay   seriously   dana8e   the   giin  when   fired.
Injury  is  possible.

Surface  Mode

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



OPEPATIONISAFEIY BULES AND BEGULATIONS
FOF} ThE

AUGEFZ  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   inj.ury.     Proper  use  of  the  auger  gun   includes   not
only  safe  operation   and   handling   of  the  gun   mechanism   (firing   rod)
itself     but  also   the   skid-steer   loader  that  transports   and   powers   the
device.     The   auger  gun   is   not  intended  to   fire   projectiles   but  it  has .
been  designed  to  do  so  safely  with  no  damage  to  the  gun  or
operators.      Proper   maintenance   is   critical   to   the   longevity   and
smooth   operation   of  the   auger  gun.     As  with   operating  any  firearm  or
explosive   device,   maintenance,   transportation,   and   storage   handlers
must  always  assume   the   firing   rod   is   loaded   and  the  safety  is  off.

operation    and    Safetv    F3eaulations

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

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

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

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



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

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

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

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

An  improved design of the  buffalo gun,
incorporating hole  drilling and  shooting into  one
operation with almost total blast containment,
provided nearly 50 percent more  recordable  seismic
signal than the traditional buffalo gun.   The 'auger
gun.  is  designed  to  optimize field efficiency,  source
couple, and safety.   The auger grin consists of three
main parts:   power source,  auger/screw,  and
modified buffalo gun.   Amplitude  spectra indicate the
auger gun deli`.ers approximately 20  percent more
total energy and 50 percent more reflection energy
with no noticeable increase in recorded ground roll at
a test site in Lawrence. Kansas.   Subtle changes in
source environment, such as a 15 cm gap between the
detonation point aLnd the base of the hole or inclusion
of water as opposed to air at the detonation point,
ha`-e a significant effect on the quality of the recorded
data.   The auger gun should increase field efficiency
by over 50 percent on most shallow surveys. while
improving the signal-to-noise ratio and total energy
in comparison  t,o  the buffalo gun.

INTRODUCTION

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

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

the 200 to 600 Hz range in comparison to hammer
sources  (Pullan  and  MacAula}'.  1987).

DESIGN AND TECHNIQUE

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

The  auger gun  consists  of three  main
parts:   power  source  (skid-steer loader).  auger/screw,
and modified buffalo gun (Figure  1).   The power
source  for testing described  here is a 25  hp. 4-w'heel
drive,  1.2  in w.ide,  h.vdraulic loader.   The  auger/screw
is a modified  hydraulic auger that receives its
hydraulic drive power from t,he loader.   The buffalo
gun used for these tests \vas elongated to slightly o`.er
2 in in length, is designed for bottom loading (as
opposed to  the  standard scre`v-on head),  solenoid
firing,  time break from a  dou.nhole  sensor.   The
riring pin has  an  act.omatic (spring-loaded)  safet}'.
These  components  when  assembled  represent
approximately 1500 kg and are ti.ansportable in the
bed of a standard pick-up truck.

Operation of the auger gun is a three-
step process:   (1) screwing the auger flight into the
ground, (2) loading and firing the gun,  and (3)
unscrewing the auger flight  f.ron  the gi.ound.   Once
the 4-wheel-drive  loader is  in  place,  the  containment
plate is lowered to  the ground sui.face with the weight
of the loader placed on  the plate.   The  hollo`\'-st,em
auger flight is  then screwed into the ground  using a
gaging device designed to ensure  the  night is  screwed
into t,he ground at a fixed rate and no material is
removed from the  hole.   Scre`ving the auger flight
into the ground accomplishes  both exceptional  blast
containment and  minimal  residual borehoie.   After
the auger flight is secur.ely screwed  into  the ground
80+ cm, the modir]ed buffalo gun is loaded (by sliding
the gun over a  shotgun  shell), 1o\\'erL>d  do\`'n  the
center of the hydraulic drive head,  through the
hollow stem  auger fligl`ting, and seitcd il`to  a sleeve
at the base of the auger flight.  Watei. can be poured
through  the hollow stem auger prior t,o downhole
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placement of the buffalo gun to  improve souri`e
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
any  operation  involving seismic  sources.   Designed
into  the auger gun are several crit.ical safety
improvements over the traditional buffalo gun.   First,
is  the improved loading design that does not require
the operator.s hand  to come any closer than a meter
from the shell either during loading or while the live
shell is in  the firing chamber.   Anot,her improvement
is related to containment of the entire gun
mechanism in its downhole position throughout the
firing operation.   Finally, the firing-pin lock or safety
is spring-loaded and does not require operator
intervention prior to firing.   The entire design and
operation of the auger gun revolves around
maxinizing the recorded reflection energy without
compromising the safety of the operator or
bystanders.

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

RESULTS

Data acquired for this test `vere recorded
on an Inpuuoutput DHR-2400 seismograph with no
analog low-cut filtering.   The sampling interval was
1/2 ms and record length was 500 ms.   The receivers
were three L-28E Mark Products 40-Hz geophones
wired in series and arranged in a  1 in in-line array.
The source-to-closest-receiver was 20 in with a
geophone station inter`.al of 4 in.   The shells used for
this test were 8 gauge, 400 grain black powder blanks.
The  recording en`.ironment was  consistent
throughout  the  comparison.

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

ground  roll  are  st,ill  prcsenl on  rilli``.cd  rili`s.   'l`l`L`
general  characteristics of the  80  ms  rcflcction  seem  to
be consistent for both  sources.

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

Subtle  changes  in  source  en`.ii.onment
make  considerable  difference in  the  amplitude
spectrum of auger gun data.   Leaving a  15-cm air-
filled space between the base of a shell loaded in the
auger gun and  the bottom of the screw hole  reduced
totalrecordedreflectionenertry,eyalmostanorderof
magnitude.   A water column placed in the  hollow
stem auger flight just prior to loading the shell tight
against the base of the screw hole increased  recorded
reflection energy b.v over 50 plii.i.i.nt.   Sigliiric&I`l
variability in frequency and amplitude of the recorded
energy  resulted  from  slight changi`s  in  the  do\`.nhole
environment.   These  subtle changes  and  their
resulting effect on  the seismic data ai.e indicative of
how the  near surface acousticall.v responds  to gun
powder  explosions.

CONCLUSION

The auger gun should represent a 50 percent
improvement in acquisition  rates  and  recorded
reflection energy at most sites \`.hen compared to the
traditional buffalo gun.   The auger gun is  a
modification of the original  buffalo gun  design
(Pullan and MacAulay,  19S7), and at some sites will
represent an improvement.   As  with all  seismic
equipment and  techniques,  site  chat.acteristics
dictate relative effectiveness.   One characteristic of
the auger gun that is not site-dependent and does
represent an improvement over the buffalo gun is
overall safety.   The massive nature of the auger gun
should allow detonation of series charges totally as
much as  1000 grains of black powder.   Pi.eliminary
testing indicates that at son`c sites it rna.y be possible
to acquire over 500 shotpoints a day \`.hen station
spacings  are  5  in or less.
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Fig.  2     Auger gun  field  file (left) compared  to the
buffalo  gun  (right).

containment
screw guide

Fig.  1     Diagram represents  the  auger gun in above-
ground  position.   Modified  buffalo-gun
portion of the auger gun is  not shown, but is
conceptually the same  as  previously
documented (Pullan  and  .\IacAulay,  1987).



4                                                                         Im|]iro`.cd seismic.Iteflection source

source-to-receiver offset (in)

112                                                    20         112                                                    20I II       I        I        I        :                  Ill '111,1'1111'1111!1

1111                      lil,11,1'

IIll

I il!l          , '1' llllUlllllJ/           , 11                                                                11),'                        11

I lJ/
!!111

11 llll)J,,(``_+     ' •  I .I  (  ,  1  I  (  (  '  !JJ//`

i,!tL`l,I•lJ!''r7`,,,iREiiiill.I.Liu" _.-'i.''(:i-_
EEae}j;,`ttt'r}}l'5[ ¥L. :ERE{j{~t};j}-   H
`c'\  .,`     ,''   `,,,i,(|\l`'-T=+   <,,';       I;,I  I  r
`b `;. ...tii;=3Rlrtrr,a  t++r.,.\7zF5TRg.,I
•>r.:`'£..L=:ill+H)>_`ttL|[t/   `is I,, ? ? ?,:I. LIL+ ,,,.'' `  t`,     ,.r

ti=...... t?+'''Lt`|) uct{srii    `tTt>~,T.;`.i.,.,:,?}L   `\  i
<;±;:<<?`}'`:l!t!S¥\tiTINtJ{€<`:::¥3{¢+.>P^:.{'TiL}Jtt{

.    I,'(``},.,   ,1\1\''    \.\tr,    /  `
-,ii,-r-`'-``L=   \    ,.r\\       I-1\\  }    '{`'(\\\1,.`,..,  ,              „'!?`  Rt';i,`»,.t*"rf'm-)+)-st.EN£'-L')iiDr     !` `

:J''|\. '   rzrL^   } 1,  \,I   n:,
''jt   ,`\        „     ,,(  K-A,<.:

•   /..'\,`1 t''(\\y\lL'r`\|    ;.|`\-\|t}'\).,I    n \
'..,r;I,,`.I\'    )I,\,,(\H'    i_`Er,i,I  /.t\'
I(,i 'f(|f'\               i,     Y     ,

I    `       h A         ,         r¥     ,       ,..L
I,      I,.. i+,,           (  --1i.-I

.,.,        .`,.I             ,                             .r                I,.\,I      h            /
`'-i      rt)        "}k'    n6|    F7`i`/,'`.  ,>    :`n

I ='.              <       .,      `>               '           c'.,I.   ,,'...,,,/?I ;;i     \` '.'''   i,'      ,       .i.,     \(   t <

-'T.'',qt`, (i-I..rt`tRIJ`:I.•f.i,,,'5i\``i#.,\ i    "i
•{.±;i,:i)>i?}|:#)tL5+Nr|?iEE!+±RE`?;tE'i\tw

..  :.,\,1\           I,?'   P          .,, '    +'t     t      I:
";.I.Ir    ,,     ,\'   I   .          `t,'.i.,I,'       \             .I      )

i.i,'tt `      (I., I.I, .,_ I?.? t¢|  I  ;.ti t.,Tr +?  :,''(' i,i ,?b?.
/'`--LIJ.i: \ B*    HT.=HLr;    }`jLtl.I`'i`L:{/` . .  ,`    I:

•.£i!."il;.-g*5£,=gg£!J#fl%[k,±!¥
<``.I...,.r`,,       .`,`rt+jl``,    ;?`        --`.       '.,'E=|`t-.'.

.`+,+<````,t'.> .P.`'.r.i{ I.'\   ''..= .-=.*?. . ,`L „¥-i,,,
auger gun                               buffalo gun

Fig. 3    A 150 Hz digital low-cut filter enhanced the 80
ms reflection event on both the auger (left)
and buffalo (right) guns.
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Fig. 4    The darkened area represents the difference
between the lower curve (buffalo gun) and the
upper curve  (auger gun).
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Cl`c    f [i..incl`cy   of    Cl`c   ®ource    I)ulse   .hlcl`.     In   turn.
If`crea®e.   the   dol]ln.nc   f requeficy   o£   the   [eco.dcd
•eLsdilc-refleccloo   cneE.gy.      Ccncraclng   the   I`L8h-
€rcquct`cy   set.Plc   8ource   pulse   necegeary   for
•haLLov   appllcacLono   ha.   been   acco.pllshed   Ln   a
•ul[lcude   of   dlf ferent   ways   ln   the   pasc   (`llller   ec
al.I    1986).

Reccl`C   sets.Lc   .oiirce   advances   a[   the   Kan8.`s
G€ologLcal   Survey   (KCS)   have   aalTily   revolved   at'ound
surf ace   p[ojec[lLe-type   .ourc.a   (Steeples   af`d
KJ`app,    1982;   MLllcr   .tid   Steeple.,    1986;    Sceber   .nd
Steeples,    \986).     A   .50-caliber   rlfle.   uhlch   Was
designed   arid   tiull[   to   8®fely   fire  a   750-grain   bul-
let   ver[lc.lly   loco   [l`e   ground.   has   more   recently
beei`   Adaii(ed   to   operate   percl.lly   urider8round   vl[h
ooly   [lie   flrLng   ®pparatu8   above   ground.      Thl5   al-
loys   .afe   oper&[lori3,   a   hl8her-f requency   6oiirce
pulse,   and   ao   Increased   signal-co-T`ol§e   ra[lo.

P±.?.t.t:.N..A.N.I!.:r.I:.C|l.N.(.qt!.F:.

Tli¢   r,t!Iicr.`il   deslgl`   cei`ters    aroui`d   oiitlml7.tni:   [t`e
cui`vcr*Lu.i   i.t.   cl`|.r8y    iiroducl.tJ    by   a    .3u-c.|llLil.r
rtf l`!    I.`.ll`?C     Inca   .iclsmtc    (act.usclc)    w.1ves.       Tl`¢

niajo[lcy   of    the   energy   produced   b,/   a    .50-caltber
round    goes    li`Co   ^ccc`eraclnt!    cl`e   projecclle   .1nd
into   exhaucc   gases.      Prevlou6ly,   vl[l`   above-ground
®ources,    ve   have   sLlenced   and   dLspersed    the   exl`dust
8aeee   lt`   hopes   of   ellnlnaclri8   or   a[    1ea8c   gcea[ly
reducln8   the   ef I ecce   of   the   air-coupled   v.ve   on
set.nlc   data.     The   dovnhole   .io-cat(ber   rLf le
ne.fly   91niulcancously   excl[es   Cl`e   ea[Ch   wl[l`   ;i
proJec[11e   and   vL(h   .xhau8t   gases   vl`1le   contaLnLn8
Ieoec   oC    the   air-coupLed   vave,    [csulclng    Ln
lncrea®ed   €requency   and   sl3nal-co-noise   r.clo   ol`
8elealc   record   sections.

The   downhole   .SO-callber   .elsnlc   source   con8lsc9
o€  .   .50-callbcr   rlf le   bolted   [o  .   0.6-c®-[hlck
•Ceal  plate.     The   rifle   l[.elf   ls   a   ®C.nd.[d   .50-
c.1Lbe[   bt.eech   .nd   bolt,   buLlc   by  Texas   Cud   .t`d
Machlt`e  Coop.ny,   .cc.ch.a   [o  .   8[.nd.rd   .50-c.lLbe[
a.chlne-gur`   b.rrel.     XachLoed   grooves   Lf`   the   barrel
are  u.ed   ln  cotijunc[Loa  vlch  .   pr.S.ure   cl.I.p   Co
•cC.ch   the   t'Lfl.  to  .  )0--ct.  by  90-cq  .[eel   pl.ce.
The   rlf le   bat.r.I   13   lo`/ered   ln[o  .   60-   Co   80-cb-
deep   borehole  4  ca   ln  dlaneter  unctL   the   plate   ls
f lu.h  vl[h   the  8[oorld   Su.face.     This   steel   plate
•ct®   a.   a   ground   seal   arid   A   pl&C[ornt   [o   acand   or`
vhlle   f lrln8   the  8ut`.     Tt`e  vel8h[   of   tl`e   sl`oocer   oA
the   place   and   the   .r`ug   (LC   of   the   barrel   [o   CI`e
borehole  vall.   help   6e.1   [l`e   gun   co   Ct`e   ground.
Tt`e   rl£le   can  be   equipped  vlth  a   source   8cfisor   or
Cl®«url.   #wttct`    t®   t:|`iiL.r.i[i`   ..i    lluic.   tirl.;`k.       Flrl.`i:
cull   b¢   doi`e   eltlil.c   i.lccirlc;iLly   b}.   a..lci`olJ   uc
a.1^`i^lly    by    plil`(ni:    I:Ii..    rrli..) .,.. r.       Tlii.   Il.i-Iili`)lo    .iu-

callbcr   vel€lis   4boul   ]t)   <L;   ..IIJ    L*   i...Islly   I..o-iicrguii
port.bLc.

I.tt£,)l'I;NCY   ^NI,   ,|-I,I.

Tl`c   dowl`l.oll`    .`0   c;illb.:r    it`.uJui:i.i    l.ruia   a    ti)    12   tlll

8react!r   recorJable   seis.`lc   .i`t!rgy   a:   equLvalel`c
offsec9    Cl`an   [l`e   sllenci.J   surfacl.   .50   caliber    ([1g.
I).      The   lncreaced    recor:ed   cner6;.-boosts    the
signal-[o-riolse   enough   co   s`ibstdn::ally   clean   ii!i
the   record   secclon.      The   source-[o-closest    geopl`one
of f3et   ln   fig.    `L   ls   4J   a.      Besides   :!ils   ncclce.`ble
lrlcrease   ln   recorded   .eisllc   ener3:..,   a   car.sls[ei`C
20-40   I]z   hoos[    ln   [I`e   do.lnai`[    f rt!`:`ii`i`cy   of    [1`1`
Source   wavale[    1s   cl`.'Irdccer[.qctc.

In   p[evlous   shal.Iov-soijt.ce   co.|parlsor`9   (¥iller   ec
al.,1986),    the   sucface    .50-c.]lLbe:   perforiied   com-
p&rably    [o   tllnL-?Tiaacord   and   A   LO-6au8e   3uf faLo
gun   ln   Cocal   energ;J   aihl    f req`iei`cy   speccruS.      Tl`e
noccd   Increase    I.1   f rt:t]ueRcy   .1.`J   cner6y   Would   in.`ke
the   do.nhole    .50-cal[b€c   rl[le   co..;.irable   co   Cl`e   8-
8auge   But I alo   gun   which   vas   .`fliong   :he   best    Sources
tesced    for   refle::ion   e...er3y   ve=s`j:.   3rou``d    roll,
total   energy.    and   freq.Iency   r.ol`cei`:.

S^I.''.:'''Y

S;,l|.Iy     6',u,,iJ     :`,1.     ,',      1! ,..,, 1`',.,::1     l .,., `.L ..,.,,      i  ,,.-,,, }.

•..i`.'i.:   ,-:::,:.,1-'eLi.-_T'"!    ri''l`'    I.i          i



I)ov``I`..lti     .50-C.LLtiur    RLf  L|`

mo`i.ilcll    ol`    A    0.6-cm-[lllck    NcecL    iil^[c    to    iir.)tl'cl
tl`c    oiicr.`Cor    f ron    f r®gI.el`c8    .nd    Co    help    hold    Cl`e

i:wn     .II'`.ur|.Ly     Lii     pl.`cl..         .iLi`cL!     Llic     iiroj..clllc     (I.
f lrl.J    from   a   bolt    I.`d   breccl`.    orlglmlly   dcalgneil
•1s    a    BC,ind.ird    I lreArm,     CI`e    ucmo.ic     ln    ®nfl.Cy    ti.1q
•1`r`!...Ily    lii.a.I    `l.:Al8i`c.I     (nco     Cl`c    ^cCu^L     I tt.(nr,

•ui!cl`iii`lti .... l.lic    l}olc    A``u     I)rl.ecl`    inui`ufAcluri:r

desL8rled   the   dpparacue    not    [o    fragaent    even   lf    Cl`e
b.rrel   wa.   conpl.e[ely   ob®c[uc[ed.      The   barrel    1®   ln
tl[Ili``I.irtl    uui!    by    C``c    U.     S.    nlll[i`ry    o``     .SO-collhcr
a.cl`L.ie   Bun..      Tl`e   extra   [hlckl`eee   of   a   lmchLne-gun
barrel   ®erve®   (a   dl8elpA[e   heat   and,   e8peclally   ln
our   c.ee.   pro[ecc.   f ron   blot+out   Lf   foreign  Biacer-
1aL   8e[.   loco   Chc   b.rrel.      Thle   nlaLe9   col`tl.nuou.
oi}er.tlon.   ..fe   .nd   coneL®ten[.

C^S€    STUDY

Sllet`ced   8urface    .50-c41lber   v8   Dot+nl`ole    .50-
caliber.

TI`e   dlrccc   coop.rl.on   of    CI`e   8ur{.ce   ni`d   Cl`e
dovt`hole   .50-c.lib.r   TLf le.  v..   perfomed   near
Wlf`[cr   P.rk,   Color.do,    11`   .a   .Ccel]p[   [o   detect   Clie
Mof f.t   I.llro.d   Cut`nel,   85   A   belot+   [l`e   ®u[f.ce.
the   receLve[.  ve[e   .1f`gle   LOO-tl2   8eophone.  vl[h   .
I.2-a  .[.clan   loce[v.1.     The   .ources  vere  4.  -froa
th.  clo.e.[  r®celv.I  .I.[1on.     "e  [e.ul[1n8
recorded   I leld  £11e.   plo[Ced.   a.lf\g   true  .aplltude,
cleArly   .l`ov   the   lncre..ed   AdplL[ud.  And   Ch.
Lncre..ed   .L8I`.I-[o-nol8e   [.clo   of   the  dovnhol.e
[LfLe   ..   codLp.red   [o   the   eurf.ce   Source   (fig.I).
A   g1.rln8   dlf (et'ence   le   the   ab®ef`ce   of   .1r-couplcd
v&ve  on  the  field   file  u€lng   the  do`mhole  rifle.
The   f Tequency  dlf i crence   I.   obvious   on   the  adpll-
[ude   .peccra   (fl8.I).

Dovnl`ole   .50-c.llber   Field   F11e®   .nd   S

The  dovnl`ole   .50-caliber   rifle   c.r`  produce   a
eource   pul.e  vl[h  .  do®1n.ti[   t'ef lectLon   f tequeAcy
ln   exce..   of   LOO  tlz   (fig.   2)   vhef`   u.ed  vlch  .n.lee
lot+-cut   I llEer.   Chat   h.ve   .   -J   dB   polnc   of   220  Hz
.11`.I   n   24   du/oc[J`vc   roLlo[(.      Clc^n   -LnLouo-pha.e
ref L€cclol`  vavelec.,   e..lly   ln   cxce.a   of   LS01`2.
can   bc   ldel`[Lf Led   dove   Co   270   tBeec   d(rec[ly   of I   the
field   file   (fl8.   3).     The   8p€ccrun   of   [l`e   re€1ecco[
A[   8S   flLsec    LS   olgio.C   3   octave.   .cro6€   vlcl`   cot.rler
frequencies   of   40   and   290   Hz   (fig.   3).

Tt`e   downl`ole   .50-caliber   rlf le   has   not   only   been
pri}vci`   co   bc   .   uSeful   ®I`allou   hlgli-resolucloi`
reflec[1on-selgolc   Source,    1C   .loo   po.8esseg   the
capabLIL[y   to   penecrece   a8   ouch   a.I,loo  I.  of   .edl-
mencary   vei`eer   overlalr`   by   15   [o   30   a  of   weathered
•lLuvlun   (fig,   4).     Tlie   reflection   .[   720  b.ec   on
the   £1eld   i Lle   L8   ^rbuckle   dolod)lee   ac   a   depth   of
I,loo   li   ln   cencr.I   K®ns.®.      Tl`1®   elghc-8l`oC   ®C.ck
v®S   recorded   vLch   30-tlz   low-cue   f llccr8   end   [efl   40-
H2   geophone..     The   donlnan[   frequency   of   the
refleccloi`   energy   1&   4bou[   loo   H2.
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Surface   50-caliber   Bif le   -vs-Downhole   50-caliber  Bjfle
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Downhole   50-caliber   Bifle
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FIG. 2.   This  Single-Shot  field  f ile  '„itl  an  AGC  applied   :llustrates  the  high  freg±±:=pLcic-.:
and  therefore  the  resolutio.i   easily  Qbtaina:-jie   .~.:=.ri  a.dounhole   .50-Gal.



85  msec  Reflector  Wavelet

Amplitude  Spectrum

250                  500                 750                1000

frequency  (Hz)

FIG.  3. =E±Le  amplitude  spectrum the  ref lection ulse  at  85  msec   is t-ctaves
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~JLJLJLL   SAFETY DATA

OCEAN®   Network
EMEFIGENCY  PHONE  1-80CLOLIN-911

SECTION   I.  IDENTIFICATION

SECTION  11  -NORMAL  HANDLING  PROCEDURES

SECTION  Ill -HAZARDOUS  INGREDIENTS

B^SIC W^TEftl^|                                                        °SW^                     |o co                    lc 50                       SICNIFIC^NT EFFECTSP€|
Lead 50ug/m3 NO  Data NO  Data Eye irritation, fatiguedisturbanceofsleep

SECTION  IV -FIRE  AND  EXpl.OSION  HAZARD  DATA
F`^Sll POINT          Not Osl1^ Cl^SSIFIC^TIOW,,- I-IIII-IIIIq-

EXPIOSIVE
1

-•.                 ;..        =.-
|lw'TS

EXT"oulsH"c HEbl^                               Deluge  wit`h  water,  material is self-oxidizing.   Flood  with  Water
to  fitrht  fire  flnd  to a®ol  shells_

SPECIAL FIRE  H^Z^flo I  Flf`E FIGHTIHG  PROCEDURES

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

SECTION  V --HEAITll  HAZARD  DATA                -----....-.  `>' . -



S€C.TION  Vl  -TuxlluluI T  `rrouulii

SECTION  Vll -Splll AND  LEAKAGE  PROCEDURES  (Control  Procedures)

^cTioH Foi` u^TEni^L .Eu^S€ a. SPILL
Remove  all  sources  of  ignition.    Wear  gog`gles  and  gloves.    Use  non-sparking  utensils  during
cleanup.    If  containers  are  d8m8ged,  wear  NIOSH/MSHA  approved  dust  respirator.    Fouow
OSHA     regulations     for     respirator    use.    (See     29     CFR     1910.134).         Minimize    powder
contamination.   Clean  up  and  place  in  an  approved  DOT  container.    isolate  and  do  not  seal.
Label ''Small Arms.Ammunition".   Wash an contaminated clothing before reuse.

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

TRANSPORTATION  EMEf}GENCY,  CONTACT CHEMTREC 60CL424.93cO
W^Sft I)lspos^L NE"OO

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

sEaioN  vili -sHippiNG  DATA
a.o.T.cuss                                              Class c Explosive        OEN-D

sEerioN  ix -REACTlviTy  DATA

SECTION  X .  PHYSICAL  DATA

WEITIHG  POINT               N/A V^PoR PRESSuF`E                    N/A VoliLTllES                                        N /A

BOILING  POINT                 N/A soiuE)liltt in w^T€A         N /A •  .  .           .        -

ispEciFicGn^Vm(H,o.1)        N/A pll                                             N/A V^rofl DENSITt (^Jr.I)              N/A

iNFof`MATION  Fuf`NISHEO  BY:                   C.  C.  Noonan
(203)  789-5436

1475

DATE         Novemberl6,1985

O®p®rtm®nt ol Envlronm.nt.I  Hygl.n. and Tollt
(203)  789

olin  cOF]pOF]ATioN
120  Long  F]idqe  Road.  Stamford, Connecticut 069(

OCEAN®   Network
EMEf]GENCY  PHONE  1.80CLOLIN.911
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S.ctloo V - F]..cthrrty D.I.
St"ry Ur- Couiuouk"Voa        rianes,   Sparks,   percussion  or  shock  and  hlgb  .

S-
X teznperatureg    (130.C)

lr.c®mo.llbJIIty (A/./.r/./. /a Arod   .. Strong  mineral  acldg  and  alkali.
H.brfuJ. tha'd`t]` g BrFndd   Chid®8  of  carbon,  nitrogen  and  lead  fLm.a.r- rty Cho Ccr-t°^ut       Heat,  fire,  §tat|c,.  £r|ctlon  and  Perc`]gsIon.

WU Nd -
X

SectJot` Vl - He.lth tlazard b.ta
fhJli) c] EJtry:.                     W`.I.lco7      Fumes                       Shh?   oats  or  abrasiong  -'ffi?i?cles

thFn## `ffigT:engctorla ,  efroryotoxln , "lnutrition ,
weakness,  mental   confusion, allor  -

treat  per  general  lead  expogurei.  headrche  and  nausea

C.iiEi?-E}ERrin..             `r'Pt                                                 unc '*an°qrtyh.7                             °SH^ Requtd'   Lead.  Yes

Siqr-ut9yr-O`E-''      .      Refer  to  health.hazard  above.           `                                      .     .   .

Ll.CIC±!  Cond"on.     .
C-=r,-iir=if Acqrrdd try E--. Gastrointestinal  tract;   kidneys,.  blood  and  central  ner`roua

8ygten.           (CINS)
Eriiijjii-ricjr -nd Fh Ab fri=ir- Skin  -  £lu8h  `dth  vateri   i£  8valloved  geelc  B`edical  attention

inediately.
S.ctlon VIl - Pr.c.utlort. for S.I. H.ndllng .nd U®®
a.f. I) 8. Tofd 11 C... W-.r1-I I. F`±+a._.ed or SpA.d                                                                                                                        +

Use  non-sparking  equipment  to  r:1eanup  and   store  st`ells  -  avoid  ignj.tlon   sources.

W-0-I-
_.r_a_tell?I_may_b__e_t±fp_e_dip+.±±'_app_r.gEil±±_e__£fderal78tatean±l_ocal_regu|ator¥agepigL=

contact
Ph-dcn ro 8. T.A.rl 1` 11-nEIlno .nd Slz]Ilng

Refer  to  r®lea8ed  or  8pllled  ddt&. abo`r®.
Ctw Pt-dr

I,abel  containers  -  "Small  Amg  AJunnitlon"  wear  gloves  and  6hrapr.el  protection.

inquktr#-L- Osm   sA/HiE/sc"

}Lkl_C±_
Pap)



GENERAL MOTofis cORpof`ATioN
MATERIAL SAFETY` DATA SHEET

SECTION  I

SECTION 11 -lNGflEDIENTS
(lI,t ,'1 'ng,®dl®ntS)

C^S  BtcISTflY  NO. NW hv CHfwco NAwf(Sl
lJ,'#,dii!1l`!£:fl#.I

7664939 37 Sulfurlc   ^¢1d __   NA_

7732183 &1 •    Watat' N^

7439921 90 • t]^_

S€paraEo,.I --
D4r,mt¢

~_

--      _ ++I- -1

Caso   And   £®veri       PolyDro.Dvletle   (Pln£[lt`,1

§ECTION Ill - PHYSICAL DATA
•aiiiNa-poiht2rfu.I   -5 -.`...-

Av a¢Q   t.28o_i   .ol L_
y,AE,;ESSu R       '.   ..i HAciNT voLirmL€ .y voLUM€ mi

t)A #?-gH¥T(£9Uoev
vApOR  ®-!NsiTv  IAin . i}

NA
av^roA^TroN-RATt I              I tl

`.
Soll'8'l..t"NH¥9^cT}81e      --       T W._< LO
^'Ja€tA{f\S£,+HLpteoe!qutd  (acid_ ¢Ontent)                    ~__  _  _   ___|lsMas.i        uaolo     #_

SECTION IV - FIRE AND EXPLOSION HAZAFtD DATA



SECTION vi-REACTrviTy DATA

ST^,'|ltY

uNS1^®|I Coh6i-Ttoris to-^Voio       --

)1A,|t
X r

iNcoHP^   8l-lltt'm.I.".I.`a.'°`d)      axtdi2hR   or   reduclnR   maLceri.lg.

HAthlcou   O[COMrasmowle°uSTS:   than  heated.   c|n   eml[  hlchlv   taxlc   fun.g.

•...i          .
T  i_A' o¢cuR I_ ¢ONDITICWS TO ^VOIO--

w`iL riot ee¢u-. Lri



hL.:.   =i     'gi    ij:Cr   CH13i:I   DIST    IllFO_Met   oFc_cEiici--Il'I

(MATEBIAL SAFETY DATA  SHEET
PBOOUCT SA   825    0012

HAZ^no  nATiNG
4  _  gxTleME
3  -  WIGl1
2  -  MOOEl^TE
I  -  8|'alJT

ON'flc^NT

SECTloNi                                        ELL-E)EE    LITHIUM   HIP   GREASE                  I   |o-lN8IOHiFlc^NT                      v.o«.,       I
V,'lIT C ci MA h u f A C T u fiii` 6 c I v is io N a fl 6 ii 8Sio iA a t EMEf`GENcy  TELEprioNEy¢t!F,ACTun"762-5eooE*E*TaEc1.t8ooi.24.93oo

AOof`€ss  iNiiMBEfl.  sTaEET. ciTy.  STATE. zip confi,

ChEMICAI NAME Ofl F^MIIY F0flMulA
a Petrol eum  Hvdrocerbor` 1NA

•SECTION  ll  -.CHEMICAL AND  PHYSICAL.PROPERTIE9                              :.CtlEMICAL.                                            'PHYSlcAL`
hA:^fioous DECOMPOSITIC)N PBOOuCTS Fof\M.         Seml-sol  ld

6 Carbon   in.onoxlde,   carton   dioxide ODOR

'N coMPATieiLiTy iKCEc ^w^y  Fflofui.I Mi nera Oil

Strong   oxidlzlng   agen+s   such   as:      hydrogen   Peroxide, ^P.EAR^NCE
6 chrc)mlc   8cl¢.    brc)r.ir`e 10 Gr.ease
Lust ALL toxic ^NO iiAZARDOus iNaAEDIENTs7h'One '-OaI'I        Arnbe.r

P'2 ECIF`C  GRAVITYiwAT€B-1`RT 0 . 92¢

`sEciiow iii.=~FmE.ANofxpLo8ioN DATA.' ®O,L,NG  PT.'S
NDA                ,r,f

spEciAi fif`E fiGHTiNc pf`ctceoua£6 F|ASH POINT IMETtloo u6EolAboveC.O.C.

Fire   flghters   should   wear   an EB.I MELTING pT. RA.c
eoprc)ved   self   contelned   bresthlng fl^MMABl€ llMJTS %NDA27|oWER~UPPER-

I,
C

2,
aDparaTus.               .

Solu8IirrvNW^T£Ft

Ne, I  i c ' b I a
UN uSuAL FIF`E AND EXPIOSIC)N H^ZAADSDer`sesmoke £xTiNGul8HING Aa€NTs

3 0AYCH£MICAI    X CO. ^T-.C
=w^TEnspRAy    ¥fo^M.wATEnFOGRSANO/E^fl"2iTOTHeR '1

*  VOLATIL8,a(|YWT,I
NA

29
evAp. ftATEI,'.''

NASECTION  IV  -  H€AITH HAZARD DATA
pEftMissiaiE cONCENtfiAtioNs iAmi

VAPOR PFIESSIJAE NA

9            NOA
'® (mm Ho it 20 .Cl

NAeFFEcis Of Ov€RExpOsuAE I, '^m  ,  '1

10 May  cause  skin   &  eye   irrltation  wlth   prolonged   contact. ®H ^S  IS
NA

T ox icoLoolcAL pnop£. I iE s
JO pH'1

3' NP.A. STRONG ^CIO                                                             iIST.ONGBASE

EMEflGENCY FIRST ^10 PIOCEDufiES

2 EyEs     Flush   with    large   amounts   of   water   for   at    least    15   mln. sTA8|E                                                .\.

Call    a   ohysicien    lrmed:ately.
'

|'NstlBLE                                                              II

'±J€,i SKINCONTACT        wasn   thorc>ugh|y   with   soap   ar`d   Water.

„V^':%:FY             `oo<o'R°&^         i
lNHALATioN                   NOA`

J3l           NA                                                                               ,

iFswAiiowED        Call    a    PhYSIcier.    Immediately.

N4   -h.ciT  APFLic^eiE                                                NOA  -NOc>ATAAVAiiAaLE                                           <.  iEssTHA^.                                           >.Mc>BETh^N

Paa6  I  o'  2

=c)q ,,., '.c.  eel.'J   i



t]Ui:.   =1     '9:    1J:i.:i   tH'_i``'   Ill.=T    INr-0_r.lc`i    urL_LLui`.-iu

MATERIAL  SAFETY  DATA  SHEET      pRooucT SA   825    0012

S_ECTTON Vll = §PECIA[ FflECAUTIONS
Pq6CAUTIONS TO 8€ TAKEN IN H^NOL"G ^NO STORAGE

Keep  containers  closed.                                                                                                                               .
J)

SEC"oN Vfll -TFIANsrofITATION DATA

uNReG`Jl^tt°  a u.s. a.a.I. .RopEa 8iilpplNc NAME

Y  D.O.T.
7

;..                rt:€UoL.^oTED  E

u.a. a.a.T. HAZAf`O CIASS I.a. NUMaEp

4a

Tf`^NSPO.TATION€MERC£NCYINfoAM^tloN

::                        ffiBEL`SIREQuiRED
faEiaHTciAsslFicATlaN                                ,          `®   __     _-

CHEM  TREC1.{800143..9300 5Z
Petroleuri   Lubrlcating  l-rease

a.ECL^L TRANSpol]T^TION NOTES

93

SECTION IX -COMMENTS

t:,                                                                                      KE:i   OUT   OF   R:AC.ri   OF   CHIL9REN!!

WO  bell.ve  the  6ta`em®nts.   teclinical  Information  end  .®comm®ndatlons  contElinod  h./.in  are  I.liebl..  but  they
are  given  without  waiianty  ar  gu8r.ntee  of  ]ny  klnd.  express  or  lmpljod,  ®nd  w.  assume  no  re3ponslblli{y  (or
any lo6..  damogo.  or .xpenBe,  direct oi consoqu®ntlal.  arising out ot th®Ir use.

F,36   2   ot   2



MATERIAL  SAFETY  DATA  SHEET      pfiooucT SA   825   0012

GECTTONvii.L~speelA[pBECAUTioNs
pflECAUTioNs TO a€ TAKEN iN H^NoilNG ^NO STOBAGE

Keep   containers  closed.                                                                                                                              .
13

8EcmoN viii -TnANsloFITATION DATA

"         uN.RfGOYgtTT°  I
u.s. a.O.I. .f`apEa 8HlppiNG NAME

47

:.                nE€JOL.%T!°D

u.a. a.a.T. HAZAflo Cl^SS I.a. NUMBEB

a 9

TBANSFOITAtloN AQ iABELisi REQuiaEO

EMERGENCYlNFOBM^TIONCHEMTaEc1-{eooi424..SOO 60 I

fft EIGHTCIAS slFicATiaN

5Z
Petroleul   Lubrlcetin§  C-rease

B.Ecl^L TRANSPOAT^TION NOTES

I, 93

SECTION IXSEE;TION IX - COMMENTS

KE:i   OUT   OF   a:Ach`   OF   CHI  L9REN!  !
}=1

COMM

We  bell.ve  th.  6tBtem®ntg.  technical  information  end  recomm.ndatlone  Contain.d  h./.in  .re  r.liabl..  t]ut  th.y
ale  given  Wlthout  warranty  or  9u8rant®e  ot  any  klnd,  .xpr®a8  of  lmpli.d,  ®r`d  W®  asaum®  no  ieipon!ibllitv  (or
any los6.  damage,  or cxpen8o,  direct or cons8quontlal.  arising out ot th®lr use.

p3;6  2   c'   2



Ill    L|      ''=i     ld.L',I    \_Jl`J.-L-_.      -

V59FIZ2
MATEBIAL   SAFETY   DATA   SHEET

Tbx   no.     :    042840
Prlnt   Oat®

Last   R.viewed
Plrt   Type   and   Number                                                          Part   name
-..----- ~ -..------- I1 -.-----------------.----------------------------------,----,,,-
Ford    -U.S.     BATTERY    -ALL                                                        BATTERY    ELECTROLYTE

Hotarcratt    -u.S.    BATTERY    -ALL                                BATTERY    EIECTROLYTE

---------------------  CHEHI CAL  AND  PHYSI GAL   PROPERTI ES  -.------------------ I ---.

Haterial     type                            LIQUI0
Sp.clfic   Gravity                 I.250
Bolllng   point                           >135   C
Flash   polnt                               Not   Appllcable
pH                                                               2.0

------ I ----.- I.-HAZARD0l'S   AND   OTHER   0lsclosEO   INGRE0lENTS  ------- I ------ E] ----.

P.rcent           Expo.ure   Llmlts   -TWA
R.nge               ACGIH/OSHA(where   e3t.)     CAS   number            Chemicll    N.me

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

Expo.ure   Limlt   Abbreviatlc)ns
- ~ - - I, 1 , - ~ ---,,,,--,, I -----,,,----,,-,
TVA-Tlme  W.loht.d   Aver.9.     C-Cel]lng

S-Short  T.rm   Expo.ure        Sk-Sktn
Sol-Sotub`.   Compound£             Fu-Fumc5

lnsol-ln.olubl.   Conpound€        Ou-Du&t f.,
+I

-------------------------  REGULATORY  I NFORAAT I 0N  -----.--- Ill -------------- t

This   product   contalns   .   toxic   chemical   or   ch.mic.`[   .ubjcct  to   the  reportln¢
requir.mente   of   Sactlon   313  of   Tltle   Ill   of   th.  Supcrfund  ^mendm.nts   end
R.authorlzation   Act  of   ]986   .nd   40   CFR   Part  372.

---- IiiE--JE===== ----+= ----- I--S 16N^l  WORO  = --,---- T ==-=---==========---- =======

BANGER    --CORROSIVE

-n -------.------------.-- I- HAZARDS -----.--.-----.- P -.--- I ----- g=a-.-=
Contact   wtth   this   mlterial   wlll   cause  burr`.   to   th.   Skin,   .yes   &nd  lplicous
m®mbrane8 .

Wh.n   thl.   mat.rill   com.S   into   contact  with   the   ey.a,   serioii9   d4mg.  may   occiir.
Thi8   product   ls   h.rmfu.I   by   lnhalatlon,   wh.n   in   contact  wlth   th.   akln
•nd   if   lt   is   .waHow.d.

Th:a   product   lg    irrlt.ting   tc}   the   eyes,   respiratory   €ystou  and   ®kln.
This   product   may   bc   fatal    lf    lt   ls   SwaHowed.

FORD   MOTofl   COMPANY
DEAfiaoRN   Mi   48121



flu.3   £i '911J:09    CHGi`I     Ll1=11llrl_I_iii_`i      I,..___       ._      _
+.

MSDS
(CONTINUEO)

Tcix   no.     :    042840
Pr1n`Oit...obp/ao92e/902

-I ----- I---till ------  TARGET  ORGANS   AND   MEDI CAI   COND ITIONS   -----------------..- I-a

Ov.r®xpo9ure   to   Cam.   h]zardou8    lngrcdlentf    in   thlt   prodLict   A.I   been   found
to   affect   cGrtaln   body   organs   artd   System8   In   €xp.rlm.nt®l   anim.lt   .nd/or
humanB.   The.e   include:

Lungs
TGath
Skln,    Ey.9,   and   R.ipiritory   SySt®m

.-.I -..-------.-.--.----  ACUTE  Tax I C I TY  I NFORMAT I ON  .----------.-.---.---. I .--- I

Baaed   on   th.  cc]mposltlon   of   th.   product   ldentlfled  by   th.  .uppller,
Selected   por[Ion.   of   the   acute   toxiclty   lnform&[ion   frof7i   RTECS   are
35    follows:
7664-93-9          SulFURIC    ACID

Inhal.t!on,   adult   rat,   LC50   -;10   mg/m3    (2   Hour.)
Oral.    adult   rat.    L050   -2140  mg/kg                                                           .

--------- I-Inn --------  SAf I  H^NDI I NG  ^N0  STORAGE--±±J±J--I---==J=T--=== --------

Oo  not  breath.  i.a/furna./v.par/.pray.
Ui6   thls   product  with  ad.quata  v®ntll.tion.
Do  not   g.t   thli  in.t.rlal   ln  your  eyeS.   on  your  .kini   or  on  your   clothlng.
Thl.   lS  an  oxldl2lnq  .i.nt  -&vold  brlnglnq   lt   Into  contlct  wlth  .a
organic  materi.I .

Stol.  thi&  product   in  .Ir-tlght  contalner&  .w-y  fran  loLJrc..  of  h.at  .nd
I  i ght .

----------- Ill-ii   F IRE,   £XPLOs Ion   AND  REACTIVITY   INFORAATION  ----- ====== -------

Brinqlng   thlf   product   Into  contact  with   conbu.tlble  m&t&r!.I   in.y  cauee   4   I Ire.
EXTINGUISHER    INFORMTION:    Dry   chemical,    foam.    carbon   dioxide.
u&.  w.tar   to  cool   f lr.-.xpaead  cent.lners  and  to  prat.ct  p.r]onnel.
W..r  s61l-contain.d  br..thing  app.ratu..
Thl.   product  can   r.&ct  vlo].ntly  wlth   reducing  .gent€  and.organlc  mat.rlils.
Exp]oelve   HYOROCEN   GAS  m3y   be   I.I .... d   lf   aqu.eu8   .olutlon&   ol   thl.  mat.rlal
come    into   contact  with   reactlv.   metall    (lRON.   ZINC.   ALUHIWun)  .

Irrltitlnq  and/or   toxlc  turn.a  and  9.Ses  may  I.  onltted  upon  A..tlnq  of
thls   product.

The  d®conpa&itlon   of   thl€   product  wl lr release   toxlc   qa.al.

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

Tax   no.    :    042840
Prlnt   Date   :   o4P/aoo298o3

---------------- I---PROTECTI VE   MEASURES   AND  TREATMENTS   ---------.--- I ----------.

Use   of   an    impervious   apron    ls   r®¢ommended.
use   g.n¢ral   v.ntllation   .nd   u8®   lcical   exhaust.   wh.r®   posslble,    ln   conflned   or
enc`osad   8pace£.

Wear   ch.mlcal   qoggl.a   and   f&c.   ehle7d.
The  use  of   naopr.ne  glov.a   is   reconn.nded.
In  c..e  of   contact  wlth   ey.S.   rln.e   imedlately  with  plenty  of  water   and   ..®k
ned.ical   advice.

Im.dlat.ly   t.k.  off   all   contamlnat.d  clothing,
If   the  matarl4l    lt   ewallowEd,   g.t   liimedl.te  medic.I   attention  or   advice  --
Giv.   sav.rat   9118ses   of   w.ter  or  mHk.

It   gal/fiime/vapor/dust/mlst   from   the  materlal    :i   inhaled,   ronove   th.   affected
per.on   lrmediat.`y   to   fresh   air.

For   skin   cant.ct   f lilah   with   large   amounts   of   water.
Wash   thoroughly   after   h.andllnc.

------------- I ----.-- I-I---NC)TES  T0  PHYS I C I ANS  -------------------------- ==--

lf   the   product   i&   lnge€t.d,   prob&b`.  miico=al   d.in.qe  may   contr=indlcate   the   tJs6
of   ga&trl¢   l&v&ge.     Tr.at   th.  affect.d   person  approprlately.

------. I ---------------  SP I LLS ,  LEAKS  AND  D I SPOSAl  ------------ II-u---d==:

EIImin.t.   all   .ourca&   of   lgnitlon  or   flamm&blet   that  may   con.   Into  con€act        .
wlth  a  .pHl   of   thls  in.t.rl.I.

Avo:d   .kln   cant.ct   and   lnhalatlon  of   vapors   durlng  di.po..I   of   cplllS.
0l.po..  of  wast.  matarlll   ]ccordlng  to  Loc.I,   Stet.,   .nd   Fed.I.I
Envlrorrm.ntal   R.gulatlone.

In   case   of   largc   .pill®,    foHow  all   facHlty   Em.rg.ncy   ReiponSe   Procedur.8.

.........................,. n.. S P EC , AL REMARKS ................ d ......... ===..
ThiS   i.   .n  .eldlc  mlt.rlal.

---.-----------  u.   s.   eEPARTHEWT  ciF  TRANspORTATioN   iNFORMTioN  -.-- I:=±±[ ------ =

Shlpping    name:     BATTERY    FLUID,    ACID       uN:    27SC
Ha:ard   Clasai   Corrollv.  matarlal                  Hazard   Label!   Corrosive

The   ch.mlcal   nlmc(i)   appearing   below.under   ``NME"   milst   .ppear   &e   part   of
Shipplno   n.me   lF   the   amount   being   Chipped   in   each   coAtalner   exc.eds   the
quantlty   .horn  under   "AQ'`   below.     The   letter:   "RQ"  must   also   app.Ir   as.p.rt
of   the  Shipplng   name,    ln   th.   form

•hlpp:ng   name,    ch®mlcal    namei    RQ.
For   U.S.      sh!pr®nts   fran   Ford   Facilltie±,    consult   the   "Ford

Hazardoui  I.terial   Transportation  Control   Progr.in"  A.nual,   oth.rwise
consult   49CFR172.
•----- ¢AS--RQ (Iba)   -NAME ------------.------------------------....--...---.....

7664-93-9        ,2777         SULFURIC   Aclo

FORD   MOTOF   COMPAN.Y
0EARBORN   Ml   48121
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MSOS
(CONTINUED)

Tox   no.     :    042840 °     prir\t  D.te  ,   obp/°oq2e/9#

---------------------------  PREPARATl oN   I NFORMATl oN  ------------------- I-..E=---

Health   and   safety   Information   has   been   evaluated   by:

Environmental   t   Occupation.1   Toxicology,      Occupational   Health   6   Saf.ty,
ford   Hotor   Company
goo   Parklan.  Towers   W.9t,   a.arborn,   Hl      48126        ..

/

for   .margency   c.H:       (313)    337-3182   -or-(31j)    323-0045   (for   24  hour   ..rvice)

Thls   ii   tli.   last   page  of   thi.   HSOS.

FORD   MOTOR   COMPANY
DEARBC)EN   MI   48121
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MATERIAL   SAFETY
DATA   SH££T

AVOCO   REGULAR   LEae-FREE   GASOLih.I

MSDS   NO:       02003992

MA+luFACTURER/SUPPLIER:
A]Doco   oil   Cobpany
ZOO   Edgt   Randolph   Drive
Chicago,   Illinois     60601

EMERGENCY   HEALTH   INFORMATION:        (BOO)    447-8735
ERERGENCY   SPILL   IRTORMATION:       (800)    424-9300

C"REC,  U.S.A.
OTRER   PRODUCT   8AFETY   INFORATION:       (312)   856-3907

IMPORTArm  COMPoREuts:      Ga8ollne   (C^S   8006-61-9)   ^CGIH  TLV   300   ppn,   STEL   500   PPD;
OSII^  PEL   300   ppn,   STEli   500  ppJn.
Benzene   (C^S   71-43-2)   ^CGIH  TLV  10  ppn;   Osm  Pal   1  ppzn

i:::r5u:g£!ie:::!!n!rEL!:io:i:;¢ilon.

WARNING  STATEMENT :    E::a::Le::t5:::}Xe::r::::: in::!hax:P::u::::eE:=:i:A:£C:3a:::::a

and/or  a8plrated  into  lungl.  C.a  produce  skin  lrrltation  on
Prolonged  or  repeated  contact.   Ute  a4  motor  fuel  only.  Long-tern
exposure  to  vapors  has  caused  cancer   ln  laboratory  &nlnals.

"IS/NFPA  CODES:'(HEALTH;1 ) (FL"ABILIT¥;3) (REACTIVITT;O) ,   Chronic  A.alth  hazard

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

liEAI,tH  mzARD   INFORMATloN

EFFECT :

FIRST   AID:

PROTECT I ON I

EFFECT:

rlRST  AID:

&TE

High  concentrations  of  vapor/mist  nay  caus.  ere  dlEconfbrt.

Flush  oye8  vlth  plan.ty  of  vat.a.     Get  D®dical  &ttentlon  if   irrltatlon
pers lstg . .

Nan.  r.quired;  hot/ever,  use  of  eye  protection  ls  good. industrial  practice.

SXIN

Prolonged  or  r®peat®d  contact  can  defat  th.  Skin  and  lead  to  lrrltation
and/or  dernatltls.

I:;i:ii§§8i:a:i;:::i::::::i:#:s:i:::.an:i:;eb::::ri::::?c:::hi:gifai
PROTECTION:    :I:::8P;:1;::::A;:dr::.::;:a::inc::::::tis  I:i:I;?otective  Clothing  and

EFFECTS

INHALATION

Vapour  harznful.     High  vapor  concentrations   can  cau.e  headaches,   dlzzlneas,
drcivgine&8   and  nausea.     See  Toxicology  S.ction.

FIRST  AID:        If  adverse  effects  occur,   remove  to  uncontanlnated  area.     Give  artif icial
respiration  lf  not  breathing.     Get  in.dical  ettentlon.

PROTECTION:      Use   With   adequate  ventilation.      Avoid  br®athirlg.  vapor   and/or  mist.      1£
ventil.ation   ig   inadequa..a,   use  NIOSH/usl{A  c®rtif led  respirator  Which  vlll
protect   against  organic  vapor/mist.
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HEALTH   H.IZARE    INFORMATION   -   CONTINUED

EFFECT :

FIRST   AID:

ING£S?ION

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

If   swallowed,   do  NOT   induce  vomi`ting.     Get   lrm®diate  medical   attention.

F]R=   ^NO   ExpLOsloN   INroRit^TION

Ft.^sueoINI :                -4 5 ®F

FLAI®{AELI   LIMITSS       UPPER:       7.6%      LOWERS       I.3S

AUTO{GNITION   TFTERATURE:                      495®F

EXTINGUISHING  MEDIA:     Agents   approved   for  ClaSg   8   hazards   (..g.,   dry  chenical,   carbon
dloxid.,   halogcneted  agents,   foam,   steam)   of  voter  fog.

UNUSUAL   rlR!  AND  EXPLOSION  !IAZARDS:      E*tren.ly   flammable  vapor/air  nixture8   fom+.
.Extlngulghnent  of   i ire  before  source  of  vapor   ls  shut  off  can  create  an
exploglve  mixture   in  air.

fRECAUT}ONS:     X®®p  avoy   fran   lgnltlon  Sources   (e.g.,   h.at,   sparks   and  open   floneB).
K.®p  contain.r  closed.     Use  With  &dequato  v.ntilatlon.

REACTIVITY   INFOE}{^TION

I)ANGEROUS  REACTIONS!     Avoid  chlarlne,   fluorlne   and  oth.r  strcing   oxldizers.

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

STABILITY:      Burning   can   be   Star-Led   easily.

CHEMICAL   AND   PHYSICAL   PROPERTIES

80IL{NG   POINT:                      80.I   TO                 430®F,   Range

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

SPECIFIC   GRAVITY   (WATER   a   I):                      a.7S

VAPOR  PRESSURE!      7-15   lb   RVP    (AS"   D-323)

VAPOR   DENSITY   (AIR   -i):                   3   TO               4



Lu,I-I:     '=: :.::   i  i     (}1,:,,:,     I)I`5TI,(,_ ,--, J-,._.I      ,,,, __|L,1'_,         .,I
AVij|u   rtfuuLAt`   L£Au-I.t{£.I   u+.auLiliii
MSDS    NO:         02003992
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STC)RAGE   ANI)   ENVIRONMENTAL   PROTECTION

SIC)RAGE   R£QUIREM!h.TS:       Store    in   flajrmable
Store  avdy  i ron  h
Bcccrdance   with

area.     Keep  container   closed.
•s,   and   op®n   flame   in

federal,   atdte,   or   local   regulations.

SPILLS  AND   LEAJ{S!     Remov.   or   shut   of i   all   .ourceg   of   ignition.      Use   water   spray  to

8i::::::tv:::::iaL]?::;?:Ce::3: i:::i:gt , ;:;:::a:::;;.  C£::;i:u:no:n
Severs   and  watervays.

WASTE  DISPOSAL:     Re$1duee   and  splllad  material  ere  hazardous   v8ste  due   to   ignltablllty
Dilposal  must  be  ln  accordance  vith  applicable  federal,   s¢ate,   or

ulations.     Enclo&ed-controll-.a   lnclneration   1g  recorm¢ndedlocal   r®
unless  di rected  oth.rvi..  by  applicable  ordinances

SPECIAL  PRECAUTIONS:     Keep  out   of   severs   and  vat.rvays.      Avoid  strong   oxidizers.
Report   8pllls   to   appropriate   authorities.     USE  AS  MOTOR  fuEL
ONLY .

TOXICOLOGICAL    INFOENATION

EYE:      Primary  eye   irritation   score   0.0/110.0   (rabbits).

SKIN!     Primary  dernal   lrrltation  Score  I.I/8.0   (rabbits)
than  5nl/kg   (rabblt8).     Practically  nontoxic  for

IN}IALATION:      Acut.   LC50   20.7mg/i   (rats).

.     Acute  dernal  I-D50  greater
acute  cxposure8  by  this   route.

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

Exces8ivc   .xpolure  to  vapors  may  produce  h.ad8cheg,   dlzzin.ss,   neugea,   drowsi-
ness,   irritation  of  eyes,   nose  and  throat  and  central  nervous  system
depre8g i on .

In  a  long-ten  lAh41Ation  ]ttidy  of  Whole  unl.aded  ga.aline  vapors,   cxpo8ur®-

!!i!:i::!i:;:!#:::;:;::i:i:::::i::8;:::::::i::;:::;ni;::::#i!.:i,::ar
:::::. dn5e;::::bi;a:h:u£::::;A:u::i.::::::a:t:g:a:A::::.::  :£:tn:I:  :i€?eyThe
&1gnlf icanc®  of  the  nouge  liver  tuner  response   in  terns  of  human  health   is
quest lonabl e .

Inhalation  of  whol.  unleaded  gasoline  vapors  did  not  produce  birth  defectg   in
l®baratori'  animals.

Gasoline   ls   a  complex  nlxture   of  hydrocarbons  and  contains   ben2en®   (up  to  4

:::#:h:i4  ::i::::ea::A:::a?:;uk:£i:?i:ne:Pj£:::ea:8  :!E:r]:::::8:{b!:::e::£:::s
(anenla).      B®nzene   ig   considered  a  human  carcinogen  by   ]ARC,   NIP   and  OSIA.

:::;.::::::eh::a::i:A:n3nfa::::::: C:k:a::;e;r::::::a:A:°L::: #:#:::::a.
were   B®en   ln  chronic  studies  on  xylene   ln  guinea  pigs  but   not   in  rats.

Aspiration  of  this  product   into  the  lungs  can  cause  chenlcal  pneumonia  and  can
be   fatal.     Aspiration   into   the   lurigs   can  occur  While  vomiting   after   ingestion
of  this  product.
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REGULATORY    INFORIATION

C=RCLA   REPORTABLE   QUAJ{T!TY!
This   product   is   exempt   f rc]n  the   CERCLA   reporting   requir.in.nt8   under   40   CFR
Part   302.4.     How®v®r,    if   spilled   lntci  vaterg   of   the   l]nited   Statog,    it  may
be   reportable   under   40   CFR  Part   153   if   lt  produc®s   a   Sheen.

DOT   PROpm   SHIPPING  NAME:      Gasoline,    Flarmabl®   Liquid,   UN1203.

OsrA  HAZARD  cOxpNlcATION  STANDARE :    #s¥:b:;  iig#.  c:::::::t:On§:::::rL€::::n£;ts

OSHA.     Contaln4  a  carcinogenlc  coaponent.

RCRA   STATUS i

I?i;og::d::tc::t:?:j£::a::a::ev::t::Rb::::9:6!t3!o:::€n:a:h:n£:£:aving
Substance ( a ) !

COMPONENT/GAS   NUMBER-------------------------- 1, 11 - - I ,-,-----------------
Ethylben2ene   (loo-41-4)
Toluene   (108-88-3)
Xylene   (1330-20-7)

•SARA   STATUS:
Thl8  prc)duct   i8  regulated  ut`der  the  following  a.ctlan(8)   of  SARI  Title  Ill,   42
use  9601.  §pllls  or  releases  of  the  product  nay  b.  reparteble  aa  a.t.mined  by
the   information  given  below!

SECTIONS   311   ANI]   312   0F   SARA   INI)   40   CFR   PART   370:
This   prc}duct   is   defined  a8   hazardous   by  OSRA  urlder   29   CFR  Pert   l9lo.1200(d).

SECTION   313   oF   SARA   Arm   40   CFR   PART   372S
This  product   contains.  the   following  substances,   which  are  on  the  Toxic  Chenlcals
I.ist   in  40   CrR  Part   372:

COMPONENT/CAS   NtJMEER                                                                                                WEIGHT   PERCENT------------------- I ----------------------- ®1 I I -----------, I ~ ----
Benzene   (71-43-2)         .
Ethylbenzene   (loo-41-4 )
Taluene   (108-88-3)
Cyclohexane   (ilo-82-7 )
Xylene   (1330-20-7)
MTBE    (1634-04-4)

TSCA  STATU§!     All  of   the  cofnpon®nts   of  this  product  ar.listed  on  the  TSCA.Inventory.

suppLEMENTAL   INroRAirloN

Gasoline   ii  a  coxplex  mixture  of  hydrocarbons.     Thoao  hajor  ccmponents  having
occupational  .*posur.  limltg  are:

Butane    (CAS   106-97-8)    ACGIH   TLV   800   ppm;   o§m   PEL   800   ppm.

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

Ethylbenzane   (CAS   loo-41-4)   ACGIH   TLV   loo   ppm,   STEL   125   ppm;
OSHA   PEL   loo   ppn,   STEL   125   ppn.



CIU|1    Zi '911J:1£'    LHljl+    LJi-. J\'  \'   -_`  `--1     \,`   -___-    -
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MSDS   NO:        02003992
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SUPPLEMENTAL    INFORMATION   -   CONTINIED
n-H®ptane    (CAS   142-82-5)    ACGIH   TLV   400   ppm,    STEL   500   ppm;
Oshi   PEL   400   ppn.,    STEL   500   ppm.

n-Hexene    (GAS   ilo-54-3)   ACGIH   TLV   50   ppm;    O§HA   EEL   50   ppm.

P.ntdr`.    (CAS   109-66-0)   ACGIH  TLV   GOO   ppm,    STEL   750   ppm;
OSHA   PEL   GOO   ppm,    STEL   750   ppm.

Toluene   (GAS   108-88-3)   ACGIH  Tl.V  loo   ppn,   STEL  150   ppn;
OSHA  Pal   loo  ppn,   STEL   150   Ppm.

Trim.thyl   b.nzene   (CA8   25§51-13-7)   AcalH  TLV   25  ppr;   OSHA  PEli   25  ppn.

Xylene   (GAS   1330-20-7)   ACGIH  TLV   loo   ppn,   STfl.150   ppn;
OSIIA   PEL   loo   ppm,   STEL   150   ppm.

IssuE   INFom{ATION

BY:

7€GC-
R.   G.   Farm.r,   Director,
Product  Saf.ty  a  Toxicology

18SuED!      June   09,    1989
SUPERSsOES:      March   18,1988

This  material  eafety  data  Sheet  and  the   lAforznation  it  contalns'  is  offered  to  you   Ln
good  faith  as  accurate.     We  have  revleved  any  lnfomation  contained  in  this  date  Sheet
which  v®  r.c.iv.a  frau  Sourcea  outside  our  company.     W.  believe  tbat   informatloi`  to  be

;:;::!!:;;: !:::i:#:::i;:i:-i:i::;i:i:t:::;:::i:::¥:i! !g!:::2::!u::!!i;a|y and

:§e::::i:::,§§a::::::::#:::g::#;:#:§e:::::::¥;E£:::;::::e§§e:i::,::j§;:p:i;;::s
or   implied.



(®pii..i®^."o p.nu||uoo)                                                                   (I)  39Vd

•0o8  UOT+TutJT   u.  a+   OouqBTP  .tquBPTauoo   -

tei,.i+  A8u  pue  =T.  ui|r,£HOJot,`o.`H,#, I.a,a,?fro-„-A-

•       ...               ,`

?....:,,,

Ftmu+6®q,..pauTapD-noc!rd:3BJ`twDmHO„,u„y,O„
o}  tot[oo[V  ZO  COD'Tt)OTu.V°  qu   v|a]ww".moml;I-

.     .     ..    ,|'r*t,,,V,I,'|,,,,i  ZTt.0.D.I        i®...~nliwlouHWW I,n1.,,

',,vivc] at]vzvH Nolsoidx]aNv]dlj   ^iNollo]s

•       -..  -I      i
eooo any )otrvtrnwv

i       I      ,   '',

U]LYA NI ^JI".AIO.

•Y/.N
Ill`

•'     '..'         .                              ,,.,,ty' ^|'ollioltan,^ 3 lvv hloI(YVO~^]

Y/N
I,' ,unlo^ A,

/tl( ,H ..`.' |I|'mlll+ l'oti,A ) 11`no^ Lr.3®uw

"'T56.t     '     .    .      .    :lt{|,+'``',y,OO'J'1),|.-.......          V/.N``•  \.          -.                                               I'JJ lw'O, t'Mlro,

vJ.va lvois^Hd    Ill NolJ.a3s

llu,,,, 'Ha.i  -1eTI  VDSL   VIE               2-8|TO£9a   #  6VO        auTu+.ult^u.Hci}uul
I,.

TOOtr-rf-a[t€9    #  5yD               +umoBj2n6  [ouauq|^uot| __aooa
8C.t       ...          ..     ..,...                      e    .                                       .          I                      toqco{,tfq+®N ._\,,,.

I,wn'^1,*•    .    €3s`ro uo.saiioe`€aiAol` ti)wto io 8)t±nlxlH oncowzvii

Y/N•             '      .    .          . . .                            .          ®,,„,a

Y/N.              I . ..                                               .  S|,Hto./N..   '     .                                                                                               ,RA','Oqr,

V/Nxnl] 3t]oo tio Op.iiycro sni.V/NelNa^" 1v L] ri u] lli 11

V/NsO..Iivoo =iiwi.n'/!,\)1aLtMe^

y/N^OtlYy/NJe^Wlva    .

Y/,V|,PH ,W,Y/,IJW=r,Ou

(,„un)^11*€ONIIYOO OI11VL3l` CIW 8^011.(,''un'^1,I8iN3^10® . 'caAliv^u]c3uJ '®J+tiv.
'  sLN]Ia]t]oNI'snoc]uVzVH-.ii  Noli.o']8.'.       .        i.:-'

.  ,     ,               .            `  I

•`_.....

i,]]Hs,.vLvcl.A,i-]]v.siviH]-i,vm •. uoii.]i8|uiupv iiiipoH-Pup /lo|P9 iBuo|iodnooo
t]o8vi ]o INa"lt]vc]]c] .s.n

T      -`-tti-`--tjn      ti-Ii-,I,ii!T       L-.T,i     I-I.I,}n    I::r{      :I-.,      I:    .:tnt-+



o6-6-i "tiiAtiH..                                                                                                                              (I) aDVJ

...   `       ,.:      "            .::           ,      .       .                                    .  . ..

..             ,   .                                                                                                                                                                          9^iolLnv?Jt].  LJ)n.a

'Sl`OuoB|Od-uou   9P.ul  9q  +ouut}o

.`,.,oNiuol.a.ivor+iloi.ri.NiHixvi).a.i..olinv3iu

.. -.I....§Noi..nyoaud lvl3ad§    xi  Noij.Oas

ir..r..Lno| 1^1 LolLo`.. u]Hio
I.Tzwo3)  ^`aJeB ,i:,3},::jLJpdt]-®^dT3toqqT{=|omreHoe ^DIO  ,^' I 9', , OuJ

•     :    |,t',a'',,,„,9'|YO'„Y'I,|nI...INo'|y"|''3^

•       1',?.3„n,Pdxa  .B{otaula  [oJ:tuoo   o}   a+tlTJ;ao,E,Svt|,;`„¥9oH,A

I                                                                             ...4 4/.a.®>.I wo.i3..O.. A.OJvul.Sl.

NOIJ.VWuO]NI  Nol.LoaJ.0lld lvic)]cis     Hl^  Noli.3a§

»1

•    i       .uoT`nTOB   a|r`TTP   jo.+uBultiaJt   [t30|ao|oTq.  'iJo[|e+.ueo,u|

OonL]n lv3od3io I.ww I

•A..t=e+.A  I.znt.tJ  ot   pe.I  tioTI|N   tJ@l|O+TP  PtJ.  BJ:8ABB   UJ:oiB   a+LiT  jjo-u"[i.rvo^v
•..tmo.  uoTtTu5T  .+.uinyt.  l...I.  P.+`'mu.utnT.I?,5o.u.Tnfu.#Tv#,I,:,a.,.?.u,|#,a,T3..o°,i5gt.

s3tina3Oot)d xv3i tJo llld§    II^ Nc>Ii.D]s                                      .  :



I  E5eEE;EIRIREE/E

PBOPERTIES At.`';` SPECIFICATIONS

EXCELLENT FOB  "MINI-HOLES"
AND VEETICAL STACKING

These  non-nitroglycerin  emulsicln  Prciduc:s  are  packaged  in  corlvenier,:
one-pound,  one-half,  c}ne-third.  and  C>ne-quarter  pound  cartriciges  and
formulated  to  provic]e  a  seismic  Pulse  equal  to  a.ynamite  for  ciear.  sharp
seismic recora.s.

Although  classifiecj  as  high  explosive,  seispFllME/E  emulsions  are  nan.
headaclle and  have excellent resistance  to  acc:ideri:al  detonation  by  frictic]n  ct.r
im'pact.

Spiral-wound  1.'4  to  1;'2-pc>unc!  paper  cartriages  .are-easily  capped  and
waxed to sleep well.

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

Wei9`nt

Slze
S,yl'e
Density (gin/cc)
Velocity  (fps)  (unconfinec].)

Detonation pressure

(kilot,ars'
Absolute  Bulk Strength

(cal,'cc\
F}eiative  3.ulk S{rengtri

(ANFC)=100''

One pound    1/2Pound
21t'4X81t`211;`2X8

49SW
1.18                       i.15

16.SC)0               16,000

100                     loo

685                 775

leo                 log

1/3 Pound   1/4 PouncI
11/8x8           1x8

SWSW
1.15                    1.15

15,000          14,500
100                 100

775              775

105                 105

PACKAGING
Available in  four sizes to meet vertical  slacking  and

-mini-hole" applications. seis,PFtlME;E in the one-pound

size  is  packaged  in  thin-walled,  easy  coupling
cartria.ges  for  vertical  s:acking  or  larger  downhole
shots,

ln  the  1/2  to  lt'4-pc>und  sizes,  seispBIME,'.E  is
packaged in spiral-vyound paper cartrjc).9es.

All sizes have exceilem v,`a{e.' resistance and can be
initiated with a #8 strength STATICMASTEB aetonator.

5rfl7YC]Ad45FEF!.€`.  =ie3tri:: [isteriaters. for Seismic =x.pioratior!
DESIGNED  FOB  SEISMIC  WOP,K -  Exclusive  Atlas electric  rr,atch  provides  reliable

cietcination  with  minimum  lag  time  and  scatter.  Full  #8  strength  explosive  output to  heip
insure initiation of the seismic charge, even under severe cc)ndiiions.

UNEXCELLED  PERFOBMANCE  -  Bigid s:atjstical quality ccintrol tests are performed
on  all  compcinents  and  c)n  the  ccirnpleted  detonator  to  assure  reliable  and  cclnsistent
performance.  A tough,  harcl  enamel  coating  unc]er the  plastic  outer jnsulation. provides
adc!itiorlai prc>tection against snorting of legwires under extreme conditions.

WATEB  AND  WEATHEB.PBC}OF  .  Legwire  insulatic)n  is  designed  to  withstand
extremes of .neat anci colcl  and the severe cctnditic]ns encciuntered in deep-hole lctadirig.
All  detona{ors  cctntain  a  double-crimped  rubber  plug  to  provic]e  a  water-tight  seal.
Excellent firing characteristics permit use in single-hole or mufti?le-hole pattern shooting.

PROPERTIES AND SPECIFICATIONS
• .Detonator strength - #8
•  Functioning time scatter . Less tlian 0.001  second; even

lc>v+ier as firiri§  c'.rren{ is increased
•  P.ecc]mmendeQ` firing current -3 tct i 0 amps DC, 4 to  10

amps AC
•  ViTa`Ler i'mmersion depth (max. tested) - 500 feet
I  Bridge\\'ire resistance . 0.9 C)hms
•  Del.gnator shell  -iG`lding  metal

REDUCED SENSITIVITY
TO  EXTPIANEOUS  ELECTRICITY

;.  spec:a!  bricjgev\tire  and  the  SF  featiire  in  the  electric  match
pro`.Ic)e  rec]ucec.  sen€,i`i\.lty  `o  static electrici:y.

OPERATING AIDS
With  recommended  firirig  currents,  §TATICMASTEB .electric

detoriatDrs meet all recitiirements for series firing.
WAFINING  -  Dc>  not  use  STATICMASTEB  electric  c]etonators  in
the same circuit with other types ctr brands of electric detonators.

PACKAGING
STATICMASTEB  electric  detonators  come  with  spooled

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



tlA   Z   A   R   D   O   U   S         C   H   E   M   I   C   A   L      M   AT   E   R   I   A   L S   A   F   I   T  Y     D  A  I  A     S   H   I   I  I

ATIAs  poveER  cO.xpANr
15301   DALLAS   PARKWAY
SUITE   1200
DALLAS,   TEXAS      75248
Tmc  9io-860-5237

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

3.     MmlcAL  "ERCENcy  TELEPHONE  NunERs:

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

4.      TEE  RATERIAI.S  DESCRIBED   IN  HIS  I)ATA  SHEET  ARE:

HAZARDOUS   CE"ICAL   INGREDIENTS

5.      CH"ICAL  AND   CO"ON  NAME(S)   OF  HAZARDOUS   CE"ICAL  MIXTURE/INGREDIENTS:

ApexLAll  Grades,   RXL  614,   RXL  615,   PotferAN-All  Grades,   Bulk  Eaulsions-All  Grades

Majcir  Hazardous  Ingredients  Include:
Armooiuai  Nitrate
Diesel  011   (Ia  Some  Formulas)

TSCA                        CAS                             RTECS
LISTED                      NO.                                  NO.

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

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

6.      PHYSICAL  AND   CEEMICAL   CHARACTERISTICS:
Vapor       Flash    }!elting    Boiling     Specif ic

Pressure     Pc>inc     Poinc°C     Point®C     G=avitv
Mol,
I:!Ei      £4±E    Appearance

Amonlua  Nitrate            0                 a              155              190               1.725         83         None    White  soli€
Diesel  Oil                        Dd               nd                   nd       147.371          0.87            nd     Pungeac  Brown  Liq.ji:
11ixtu=e                                 h'eg.           nd                    nd             1251.1   to   I.3     NA          None     ti}hi:e   cress-.

nd  =  N.o  Data           d  =  Dissociates       na  a    Not  Applicable
7.      pEryslcAL  HAZARDs:

Amonium  Nictate  -DOT:     Oxldizer
Mixture    DOT  Explosive,   Blasting  Agent

8.     HEAI."  HAZArms:

Carcinogen
Corrosive
mghiy  Toxic
Irritant
Sensicizer
Toxic
Target  Organ  Ef i eccs

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

10.       PERMISSIBLE   EXPOSURE  LILMITS:         NO   Data

Diesel  oil:     Flamable

---,-- I-. qi -r  .-
Ref :   Regiscr:`.   of   Tc}xic  E££ects

of   Chemical   Sut]scances   (RTECS)
N  =     No   C:iceria  Match
Y  =    Poslclve  Criteria  Match

per   RT5CS
nd   I     No  Data



11.      LISTINCS:

RATERIAL

Emulsioris/A};FO   Sler`ds
Page   2

NIP   ANNUAI,   REPORT                    IARC                              0SRA
ON   CARCINOGENS                         MONOGRAPHS             CARC INOG EN

i2.      GERERAI.Ly  AppLlcABLE   pRECAUTIONs   ron   SAFE  HANDLING  AND   USE:

FTCIENIC  PRACTICES:

Avoid  Skin  and  Eye  Contact.     Avoid  Ereaching  Blasting  Fumes.
PROTECTlvE  lnASUREs   I>uRINc  REPAIR  AND  RAINrENANCE   oF  coNTAmNATED   EQulpRENT ;

Use  noa  sparking  tools,   avoid  open  flame,  wear  nor"l  safety  equipment,
Such  as  safety  glasses  and  hard  hat.

pROcEDtJREs  FOR  cLEANup   or  splLLs  AND  LEAKs:

Bulk  Product:     Isolate  and  cotitaln  spilled  material.   Contact  Discribucor
c}r  Atlas  PotJder  for  Spill  Response  Assistance.
The  disposal  of  damaged  or  deteriorated  explosives  must  be
carried  out  in  accordance  L'ich  all  Federal  and  State  Regulatictr.s.
In   tbe  event  af  a  tDajor  spill,   coricact  the  National  Response
Center   (800-424-8802)   and  the  local  Police.

13.      CONTROL  m=AsuREs:

ENGINEERENC:             Follctw  BATE   standards   for   storage   (27   CFR   151   Subpart   3)
Except   for  Bulk  products,   see  "Do's   and  Don'Cs  -Instructions  and

WarTilngs"  -found  in  every  shipping  case.
See  Insti[uce  of  Makers  of  Explosives  Pu.Dlicat:ions.

WORK  PRACTICES:      Follow  OSEA   Scar`dards   for.Stctrage   and  Use   (29   CFR   1910.109)
Except  for  Bulk  products.   see  "Do's  and  Don'ts  -Inst"ctions  and

Waming5"  -  foiiad  in  every  shipping  case.
See  Inscituce  of  rrakers  o£  Explosives  Publications.

PERSONAL  PROIEGTIVE   EQUIPRENT:

Avciid  toxic   fumes  frota  blascin8,  wear  norp.al  protective  equipment,
such  as  Safecy  glasses,   hard  hats.   eec.

14.      ERERCEh]cy  AND  FIRST  AII]   pROcmuREs:

Do  t`ot  actenpt  to  fight  fires  involving  explosives.
Imediately  evacuate  the  area.     Avoid  toxic  funes  from  fires.
Ia  case  of  skin  contact,  uash  affected  area  `.ich  water.     Eye  contact  -
flush  eyes  for  ac  least   15  ainu:es  and  consult  a  Physician.

15.     DISCLAIRER:         The  above  lnfor"tion  taken  from  various  publlghed  and  unpublis.hed
sources  is  believed  to  be  accurate  and  ref.resents   the  best
lnforaction  currently  available  to  us.     Houever,  ve  make  no  uarranc}.
of  the  accuracy  ot-such  informatior\,   express  or  implied,   and  assutEe
no  liability  resulting  from  lcs  use.     Users  should  make  their  our

#¥=:t58£:i:Efa:°p8:;8:::Fe  the  Sulcabillty  of  the  inf or"€:ion  for



a     `v'an  An:burgh/.A;amo,  Inc,i 2ae Pnrfu "
`\

\lJ.   ;.

1220 t`km OaAea Bank Toll+er

.

SOLD      Soc.    o£    Explor.    Geo.physic
TO        c/o   Ks.   Geological-Survey

1930   Constant   Aye.
.Lawrence,    KS      86046

INVOICE
iNvoroE o^TE "VO€E NO. P & C I.

11/18/91 40649 1

•.,.. a
Srm>      Fort   Bend   Co.    Delivery
TO f\

L,`

T,ar;E.qg4..,E    i    I.'-.;;,T±?usa    I    .itEi     i       .     ci.,.`=s].`c.5..j3c:-+rsE SHIP VIA Sh'lp DATE TEFlus

11/15/91 S30
i      .`                 -.

Our   Truck 11/15/91 Net    30   Days

ITEM NO.                         I                                                                                                                            fTEW DESCF`lp"ON

a.....`.`.r,T..3t=r.i:S`Ej:icl cij.aurrfvstJIPPE:. `IT< `uNiT  !               ijtiiT paicE FO.ICE  IJNIT DISCC|;RT     I                  EXTENDED P?lcE

550408000 80'    SW   STATICM s;TER c,tR<
CUCLB..*SALCLBCU:•.-``t-......,I.•`;'`.:•,,,,,`.-t•:`!}_,.•'1;..,;-:,-:(-:

I I.   ,          ,.:....:;:..:i`.,.,:...:..•'.I.:i..:.`-'`I.I.,,,•i:...I...;...:..=_r-'__fj;3_L£

97  .  986.+56•.`,-....-,.,.giv,14.26.78,...y•~.12.000 12.000 EACH 816.50

10812533 SEISPRIME   E   1- /8X /3
•. . "4 -000i...` .-..    ..         .         -4.COO. LB -¢€.. -.....  .  .164 . 00

9o.ooooo51-:.........;.:...:`. riAz.AriDOus . .inTR HNI)I
`CHG

%ooo.oolI.1..000,

•.`.       .-..      .   ;     .1.000 *SAL ..   .I.      .     3;1-4.

E..R.C.C.~    lIIGH EXPLO IVES
4.000 4 . 000 LB 8.506.50i,'•.`-.`,`~   ..,,,,.:,.:`.i`-`'\.

900000006 i}.R.C.C.    -BET NATORl
12.000,I,....•..-,-.  ,`..-..-...`.,.,,`r.:.-... 12.000,`•, EACHI.

a I//9•JTJJd4``'.
•.'` :.'';..,.i     i.(;:.

`.NC
\

s^LESAMourTl                                io8. 72
ao¢u

I J'C^  ^u^E),fe I                                           -00

\
\

s^LEs AMcun 108 . 72

MISC. CHAF]GES .00
FFifelaIT .00

SALES TAX
TOTAL a

PAYMENT F]EC'0
8ALAueE DUE
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